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In recent years, gut microbiota (GM) has emerged 
as a key factor in shaping the  pathogenesis of a 
vast array of immune-mediated diseases, as well as 
in the response to immune-based treatments such 
as anti PD-1 and anti-CTLA4 therapy or influenza 
vaccination (1). In addition, GM has a significant 
role in the immune system development and is 
fundamental in developing mucosal immunity (2).

Recent data suggest that GM plays an important 
role in the immune system of immune deficient 
patients. In this review, we focus on primary 
immune deficiencies, discussing the possibilities 
and benefits of modulating GM in primary immune 
deficient patients.

Lastly, we discuss the effects of therapies used 
in immune deficiencies and their effects on patients, 
particularly concentrating on antibiotic use in this 
population.

As Robert Good said “primary immune 
deficiencies are experiments of nature which allow 
us to understand key factors of the immune system” 
(F.P. personal communication, Orvieto, 1994).

Gut microbiota and immunity: a complex cross-talk 
involving key cytokines

Over 10x1013 bacteria live in our gut, which 
is about 10 times the number of human cells. (3). 
Such bacteria can vary, based on many factors and 
particularly diet, which seems to be the primary 
driver of GM composition (4), age, sex, and stress 
(5). Even surgical procedures can completely 
change GM composition, not only temporary but 
for long periods of time (6). In a healthy condition, 
the GM varies considerably also based on the area 
of the gastrointestinal (GI) tract: in the esophagus 
the species mostly represented is the Streptococcus 
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status of the intestine and could benefit patients 
suffering from inflammatory bowel diseases (IBDs). 
Polysaccharide A (PSA), which is synthesized 
by Bacteroides fragilis, has also been linked to an 
increase in the number of Tregs. PSA induces CD4+ 
T-lymphocytes to differentiate into Foxp3+ Tregs, 
which produce IL-10. Such differentiation can take 
place also in an inflamed gut. 

Cytokines are altered in common variable 
immune deficiency (CVID), and CVID is associated 
with elevated serum levels of CXCL-10/IP-10, IL-
1R antagonist, TNF-α, IL-10, IL-12 (p40), CCL-2/
MCP-1, G-CSF, and CCL-11/eotaxin. The cytokine 
profile observed in patients with CVID may be 
attributed to the activation of monocyte-macrophage 
and granulocyte lineages, possibly driven by 
the translocation of bacterial components across 
the gastrointestinal or respiratory tract mucosal 
barrier. In contrast, the levels of cytokines typically 
produced by CD4+ T helper cells of Th1 (IFN-γ, 
IL-2), Th2 (IL-9, IL-13), and Th17 (IL-17) subtypes 
are reduced  in CVID.  CVID is also associated 
with  reduction of regulatory IL-10. Cytokines are 
also crucial for B-cell differentiation. In fact, it 
has been shown that responsiveness to interleukin-
21(IL-21), a key cytokine for B cell differentiation, 
correlates with distinct clinical phenotypes in CVID. 
However, the poor immune response of patients 
lacking Ig production (particularly secretory IgA) 
may, in certain phases of the disease, result in gut 
inflammation with gut increase of inflammatory 
cytokines. In fact, Lipopolysaccharide (LPS) 
activates the immune system through TLR4 
receptors on macrophages/monocytes. These cells 
cause  local and systemic inflammation through the 
release of inflammatory cytokines such as TNF, IL-
1β, and IL-12. Such inflammation  is associated to 
specific microbiota patterns. 

GM can also enhance inflammation, as adhesion of 
segmented filamentous bacteria (SFBs) to epithelial 
cell surface enhances T-helper 17 lymphocyte (Th17) 
induction, increasing the overall inflammatory status. 
Adhesion of SFBs activates a cascade of events that 
begins with epithelial cells releasing serum amylase 
A, which increases the production of IL-1β and IL-
23 in CX3CR1+ phagocytes. ILC-3 synthesize more 

group, in the stomach and in the small intestine 
there is an overall poorer microbial population, 
due to the acidic environment (3). Composition 
of the colorectal GM is, instead, extremely varied 
in species and localization. There appear to be 
three main genera, Bacteroides, Prevotella and 
Ruminococcus. Prevalence of one of these species 
determines in which main enterotype a person fits, 
even though many suggest that GM is better defined 
by a continuum, rather than specific categories  (7).

GM directly contributes to the body’s homeostasis: 
it is vital in the synthesis of vitamins B and K, 
determines how certain foods are digested, works as a 
mechanical barrier against pathogens and contributes 
to the gut homeostasis  (8, 9). When the equilibrium of 
GM is altered, a condition known as dysbiosis, there 
is an increased inflammatory status in the gut (10), 
and there appear to be consequences in the whole 
body. Bacterial translocation and leaky gut are partly 
responsible for the long-term effects of dysbiosis, but 
many immunologic mechanisms are involved. 

GM directly affects the innate and the adaptive 
immune system, through different pathways. Firstly, 
GM stimulates the gut-associated lymphatic tissue 
(GALT) through NOD-like receptor and toll-like 
receptor (TLR) signaling. The TLR-2 pathway 
works through MyD88 signaling, meaning that it 
affects both the IRAK-3 and the NF-kB pathways 
and it attracts hematopoietic stem cells to the spleen. 
Through TLR signaling, particularly TLR-2, GM 
also appears to play a role in differentiating cytokine 
production of lymphoid inducer tissue cells: TLR-
2 enhances the interleukin-2 production, which 
stimulates the activation of innate lymphoid cells 
(ILC), but it also appears that the GM-activated TLR 
pathway may directly stimulate ILCs, particularly 
natural killers (NKs). Metabolites synthesized by the 
GM have some direct immune-modulating effects, 
which can be pro-inflammatory or anti-inflammatory: 
Lactobacillaceae and Bifidobacteriaceae produce 
short chain fatty acids (SCFAs), such as butyrate and 
propionate, that stimulate extra-thymic regulatory 
T-lymphocyte (Treg) differentiation, dependent 
on conserved non-coding sequence 1 and histone 
deacetylase inhibition, respectively. The Treg 
population significantly reduces the inflammatory 
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particular on the GM, in several PID. 
As the GM has a key role in immune-regulation, 

it is likely that it also influences progression and 
response to therapies of patients with PIDs. Even 
though some specific features of PIDs have been 
studied, in literature, CVID and IgA deficit are the 
most studied diseases among PIDs in relation to GM. 

CVID is a heterogeneous group of disorders 
characterized by hypogammaglobulinemia 
associated with defects of B, T and dendritic cells. 
The disease can be the result of at least 24 different 
mutations, affecting both B cells and T cells (more 
frequently CD26, LRBA, Taci, April, Icos and 
BAFF). Before the discovery of these mutations, 
an increased activity of CD8+ mediated “immune-
suppression” or a defect of T-helper cells have been 
suggested as possible causes of CVID. 

Patients with CVID present a vast array of 
symptoms. Some patients present an inflammatory 
phenotype which could be linked to dysbiosis. 
There are different causes: an impaired immune 
surveillance in the gut, which leads to an 
increased bacterial translocation, which in this 
population can easily determine a symptomatic 
infection. Furthermore, dysbiosis also affects the 
host’s response to infection, acting both as a risk 
and prognostic factor. LPS is a good marker of 
endotoxemia, caused by microbial translocation 
of Gram negative bacteria. CVID patients with an 
inflammatory phenotype present higher levels of 
circulating LPS than patients with other dominating 
symptoms. Overall, it appears that bacterial 
translocation creates an inflamed environment 
in the tissue, which can determine a more severe 
clinical presentation. 

The hallmark of CVID is 
hypogammaglobulinemia, which means that also 
IgA production is impaired: the reduction of this 
population of antibodies is probably the reason why 
the GM in this group of patients is pro-inflammatory, 
as IgA are necessary for anti-inflammatory 
bacteria, such as B. fragilis, to colonize the gut. 
Function of T lymphocytes and dendritic cells is 
also impaired in these patients. In the T-lymphocyte 
population exhaustion is the main cause of this 
lack of functionality. Furthermore, recent studies 

IL-22, reinforcing the IL-1β production, lastly up-
regulating the production of IL-17, which directs 
the differentiation of Th17 lymphocytes.  A complex 
cross-talk takes place with gut eosinophils, as 
they are the main producers of IL-1Ra, a cytokine 
inhibiting IL-1β, thus modulating Th17 production.

Antibodies and GM cross-talk, too: antibodies 
appear to select the GM, which on the other hand is 
key in the production of different immunoglobulins 
(Ig). The interactions already start in the womb, where 
maternal IgG determine microbiota composition of 
the offspring, with lifelong consequences. IgA are 
responsible for mucosal immunity. Many studies 
report that GM is selected by IgA: B. fragilis, for 
example, needs the presence of IgA to colonize 
the intestine of the host. Dangerous pathogens 
(e.g. Escherichia coli) are instead inhibited by the 
presence of IgA. It is worth noting that production of 
IgA is impacted by MyD88, which is, as previously 
mentioned, regulated by GM. 

A healthy GM stimulates correctly 
B-lymphocytes, avoiding IgG4 switch to IgE. It has 
been demonstrated that, in the presence of IL-4, a 
dysbiotic GM can substitute the co-signaling of CD4+ 
T-lymphocytes and induce the switching of classes, 
which has consequences for the same GM: IgG 
control the GM’s response to pathogens, maintaining 
homeostasis. At the same time, the GM influences 
the production of the IgG that controls it. Overall, 
B-lymphocytes have deep and complex interactions 
with the GM, shaping it and being shaped by it. 

Primary immune deficiencies and gut microbiota: 
effects of disease and therapies

In 2015 there were updates in the classification 
of primary immune-deficiencies (PIDs). Nine main 
categories were identified, ranging from combined 
immune-deficiencies to more specific diseases to 
auto-inflammatory conditions. 

PIDs are difficult to diagnose and require a 
complex, multidisciplinary management. Often 
immunologic therapies are not enough and long-
term antibiotic prophylaxis have to be administered. 
Recent data suggest that PIDs are not as rare a 
condition as we used to think, but there still is a 
shortage of data on this group of conditions, in 
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CVID patients with a selective deficit of IgA. 
Exceedingly low levels of IgA and the presence 
of Acinetobacter baumannii have been reported in 
this population by Schulzhenko. 

Different therapeutic strategies are used in 
treating CVID, but the cornerstone of therapy is 
Ig replacement therapy, which is highly effective 
in reducing hospitalizations due to infections. 
Equilibrium between the inflammatory and anti-
inflammatory components of the immune system, 
however, is not fully restored, as it appears, indeed, 
that Ig replacement therapy cannot stimulate Treg 
production, even though it does partly reduce 
inflammatory activation. Also, it does not alleviate the 
gastrointestinal disorders caused by CVID. In CVID 
enteropathy steroids have been proven effective, and 
to avoid the systemic effects of steroids, budesonide 
has been proposed in these patients. 

Antibiotic prophylaxis is also extremely 
important in these patients and is discussed below.

Patients who do not respond to conventional 
therapy or with malignancies can undergo allogeneic 
stem cell transplant (ASCT), even though there is a 
very high mortality (up to 52% of patients). Patients 
who did not face fatal consequences benefitted from 
the therapy in up to 92% of the cases. One of the 
indications for ASCT is severe IBD, which does not 
respond to therapy. GM is dramatically modified by 
ASC, following a similar transformation to the one 
that takes place in newborn, which confirms both that 
cross-talk between GM and the immune system is 
extremely complicated and that GM is a key element 
in modulating gastrointestinal symptoms in CVID.

Antibiotics and gut microbiota
Antibiotic prophylaxis is a therapeutical 

cornerstone in PIDs. The need for antibiotic therapy 
and prophylaxis in immune deficient patients is 
real but physicians need to evaluate how and when 
to administer it. Lankelma et al. have studied the 
effects of antibiotic therapy on GM and response to 
sepsis-like syndrome and found that broad spectrum 
antibiotics do change the GM, but there appear to 
be no consequences on the immune response, which 
could mean that the alterations of the GM are only 
temporary and do not interfere with immunity. 

have shown that LPS levels directly correlate to 
PD-1 activation in lymphocytes of patients with 
CVID, suggesting that bacterial translocation plays 
a key role in CD4 T-cell exhaustion. Intravenous 
immunoglobulin (IVIg) treatment restores CD4+ 
T-cell functions. 

On the other hand, in dendritic cells, the reduced 
or absent cross-talk with IgA is partly the cause of 
hypo-reactivity. Dendritic cell hypo-reactivity causes 
a reduced stimulation of T-helper lymphocytes, 
overall worsening immune function in these patients.

Another key feature of CVID is the reduced 
number of Treg lymphocytes. While other features 
of this disease can improve after Ig replacement 
therapy, Tregs are not regained after therapy, 
indicating that there are other factors that interplay. 
Dysbiosis in the gut can lead to an absence of 
SCFA producing bacteria (e.g. Clostridium strain 
IV, Lactobacillaceae), increasing the inflammatory 
tone in the gut and reducing the stimuli for T 
lymphocytes to differentiate into Tregs.  

CVID has been linked to a variety of enteropathies, 
which can even be the first symptom of CVID. A 
study published in 2010 described a small cohort of 
patients with CVID and autoimmune enteropathy, 
who presented similar symptoms to celiac disease 
but only a few benefitted from a gluten-free diet. 
It appears that a key factor in the development of 
enteropathies is the chronic presence of Norovirus: 
once the virus was eliminated, the enteropathy 
quickly disappeared. Overall, dysbiosis appears 
to be linked both to development and progression 
of intestinal disease in immune deficient patients. 
Alterations in the Th17 pathway and in the 
production of IgA are two of the mechanisms that 
create a vicious circle, through which dysbiosis 
reinforces itself, while also sustaining IBDs. For 
example, patients with immune deficiency are more 
likely to house non-typhoidal Salmonella in their 
GM, enhancing the IL-23 axis and potentiating 
the inflammatory stimuli in the intestine. IgA 
deficiency, on the other hand, reduces the presence 
of bacteria producing SCFAs, which have a potent 
anti-inflammatory effect. The importance of IgA 
in regulating GM has indeed been proven by the 
presence of enteropathies similar to the ones of 
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CONCLUSIONS

GM status has a remarkable impact on the 
immune system and in immune deficient patients this 
can lead to important consequences. The immune 
deficient status can determine dysbiosis, which 
can lead to a worsening of the clinical status of the 
patient, perpetrating a vicious circle.

Patients suffering from CVID share some of 
the alterations, particularly in terms of reduction of 
“good bacteria” and increase of pathogens, but the 
picture offered by those who suffer from CVID is far 
more complex from an immunologic point of view. 
However, as HIV-disease is a far more prevalent 
condition than CVID, the former population 
can give us important information on the latter. 
Another interesting aspect is that both HIV patients 
undergoing antiretroviral therapy and CVID patients 
undergoing Ig replacement therapy can regain 
acceptable immune system functionality, but GM 
dysbiosis does not improve significantly. The altered 
equilibrium of gastrointestinal flora can even impair 
the efficacy of therapies in these patients and it needs 
to be specifically targeted. Prebiotics are indeed a 
promising candidate in restoring GM homeostasis 
and improving immunity. Antibiotics are also 
capable of altering the microbial equilibrium, but 
they carry far more risks. As antimicrobial therapies 
and prophylaxis are often necessary in immune 
deficient patients, their use needs to be carefully 
evaluated, especially as antibiotic resistance is rising 
to a real global crisis.
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Nasopharyngeal carcinoma (NPC) is a malignant 
tumor with highly invasive and metastatic properties. 
It is common in certain regions of southern China 
and southeast Asia (1, 2). Although traditional 
treatments such as chemotherapy and radiotherapy 
have achieved good therapeutic effects in NPC, 
little progress has been made to improve the five-
year survival rate (3-5). About one-third of NPC 
patients develop distant metastasis, with reduced 
overall survival rate (6, 7). Previous studies have 
suggested that viral, environmental influences and 
genetic factors may be implicated in the disease 
pathogenesis (8), but the molecular mechanisms of 
NPC tumorigenesis remain unclear.

MicroRNAs (miRNAs) are small, non-coding 

RNAs of 20–24 nucleotides (nt), which play vital 
roles in the post-transcriptional regulation of gene 
expression (9). MiRNAs degrade target mRNAs, or 
inhibit their translation by sequence complementarity 
to the 3’ untranslated region (3’UTR) of mRNAs 
(10). Aberrant miRNA expression has been linked 
to several cancer types, including NPC (11, 12). 
Dysregulation of specific miRNAs may contribute to 
NPC tumorigenesis, invasion and metastasis. Thus, 
elucidating the roles of disease-specific miRNAs 
holds great promise for the early detection and 
treatment of NPC.

Serine/threonine-protein kinase 4 (STK4) is a 
highly conserved protein across different species. 
STK4 is believed to be a pro-apoptotic protein that 

Nasopharyngeal carcinoma (NPC) is a malignant tumor with high invasive and metastatic properties. 
Dysregulation of miRNAs may contribute to disease progression by targeting disease-related genes. In this 
study we aimed to elucidate the role and function of aberrantly expressed miRNA in NPC tumorigenesis. 
We found that miR-1178-3p was highly expressed in NPC tissues. Overexpression of miR-1178-3p promoted 
the proliferation, migration and invasion of NPC cells in vitro. In contrast, knocking down endogenous 
miR-1178-3p by miRNA-specific inhibitor significantly suppressed the above phenotypes. Moreover, miR-
1178-3p was shown to negatively regulate serine/threonine-protein kinase 4 (STK4), an NPC-related tumor 
suppressor gene, in the post-transcriptional level. Furthermore, STK4 overexpression abolished miR-1178-
3p-induced cell proliferation, migration and invasion through STK4-mediated dephosphorylation of AKT. 
Our results indicate that miR-1178-3p acts as an oncomiRNA in NPC by suppressing STK4 expression, 
and inhibition of miR-1178-3p may become a therapeutic potential for NPC.
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50 nM, 100 nM and 50 nM, respectively. Transfections 
were conducted in 6-well plates with Lipofectamine 
3000 (Invitrogen, USA) according to the manufacturer’s 
instructions. Cells were harvested for further analyses at 
48h after transfection.

RNA isolation and quantitative real-time PCR (RT-PCR)
Trizol reagent (Invitrogen, USA) was used to harvest 

total RNA from clinical samples and SUNE-1 cells. For 
miRNA analysis, cDNAs of miR-1178-3p were reverse-
transcribed with miR-1178-3p-specific primers. cDNAs of 
mRNAs were synthesized with random primers. RT-PCR 
was performed using the SYBR Green PCR Kit (Takara, 
Japan) according to the manufacturer’s instructions. 
2-ΔΔCT method was used to calculate fold changes. The 
expression levels of miRNA and mRNA were normalized 
to internal controls U6 or GAPDH, respectively.

Dual-luciferase assay
A fragment of wild-type STK4 3′UTR was amplified 

by PCR and cloned into Dual-luciferase reporter vector 
psiCHECK-2 (Promega, USA). The miR-1178-3p 
binding sites were mutated to generate the mutant 3′UTR 
plasmid. Cells were transfected with luciferase reporter 
plasmids along with miRNA mimics. Luciferase activity 
was analyzed by a microplate reader (Synergy Mx, Bio-
Tek, USA) 24 hours after transfection. 

Protein extraction and Western blotting
Cells were harvested and lysed in ice-cold RIPA buffer 

(Applygen, Beijing, China) containing 10% protease 
inhibitor cocktail and 1% phenylmethylsulfonyl fluoride 
(PMSF) for 30 min at 4°C. Cell lysates were centrifuged 
at 12000 rpm for 30 min to remove precipitate. Then, 
loading buffer was added and proteins were denatured 
at 100°C for 5 min. Samples were separated by SDS-
PAGE and transferred to a PVDF membrane (Millipore, 
MA, USA) followed by 5% fat-free milk blocking, and 
incubated with primary antibodies (anti-STK4 1:500, 
anti-AKT 1:500, anti-phospho-AKT 1:500 and β-actin 
1:1000, Cell Signaling Technology, USA) and horseradish 
peroxidase-conjugated secondary antibodies (1:2000 
Sigma, USA). The signals were detected by Immobilon 
Western Chemiluminescent HRP Substrate (Millipore, 
USA) and visualized using Image Lab software (Bio-Rad, 
USA).

plays an important role in the apoptosis cascade (13, 
14). As a tumor suppressor gene, STK4 also functions 
in cell cycle transition and inhibition of tumorigenesis 
(15). Previous studies have demonstrated the 
reduction of STK4 level in different types of cancers 
(15, 16), but the underlying mechanism remains 
obscure.

In the current study, we discovered that miR-
1178-3p was highly expressed in NPC tissues. 
Overexpression of miR-1178-3p promoted the 
proliferation, migration and invasion of NPC cells in 
vitro. Moreover, STK4 was revealed to be the direct 
target gene of miR-1178-3p, and the tumorigenic 
effects induced by miR-1178-3p were reversed by 
STK4 re-introduction. Our findings suggest that miR-
1178-3p promotes NPC cells proliferation, migration 
and invasion by regulating STK4 expression. 

MATERIALS AND METHODS

Patients and clinical samples
In the present study, 60 NPC patients were recruited 

between January 2016 and September 2017 at The Second 
Affiliated Hospital of Army Medical University. The age 
distribution of the patients involved in the study was 
between of 25 and 65 years, and the male/female ratio was 
27/33. Tumor tissues and adjacent normal nasopharyngeal 
epithelial tissues were collected from NPC patients 
at the time of surgery or biopsy. Tissue samples were 
immediately transferred into RNase-free centrifuge 
tubes and stored at -80°C until RNA isolation. This study 
was approved by the Ethics Committee of The Second 
Affiliated Hospital of Army Medical University, and 
written informed consent was obtained from each patient.

Cell culture and miRNA transfection
The human NPC cell line SUNE-1 was obtained from 

the Shanghai Institute of Cell Biology (Shanghai, China). 
Cells were cultured in Dulbecco’s modified Eagle’s 
medium (DMEM; Gibco, USA) supplemented with 10% 
fetal bovine serum (FBS; Gibco, USA) and 1% antibiotics 
(penicillin and streptomycin) with 5% CO2 at 37°C.

The miRNA mimics, inhibitors and negative controls 
for miRNAs were purchased from GenePharma Company 
(Shanghai, China). The transfection concentrations for 
miRNA mimics, inhibitors and negative controls were 
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t-test and one-way analysis of variance (ANOVA) 
were used to analyze two groups and multiple groups, 
respectively. p<0.05 was considered to be statistically 
significant.

RESULTS

MiR-1178-3p is highly expressed in nasopharyngeal 
carcinoma tissues

Our previous miRNA microarray analysis 
revealed that miR-1178-3p was significantly up-
regulated in NPC patients (unpublished data). To 
further confirm our result, the expression levels of 
miR-1178-3p were measured in tumor and normal 
tissues of 60 NPC patients using RT-PCR. The 
expression levels of miR-1178-3p were significantly 
up-regulated in NPC tissues compared with that in 
normal nasopharyngeal epithelial tissues (p<0.0001, 
Fig. 1). Nonetheless, the functional role and 
underlying mechanism of aberrantly expressed miR-
1178-3p in NPC remain to be elucidated. 

MiR-1178-3p promotes SUNE-1 cell proliferation
In order to discover the potential function of miR-

1178-3p in NPC, miR-1178-3p was overexpressed or 
inhibited in human NPC cell line SUNE-1. Relative 
expression level of miR-1178-3p was significantly 
increased upon miR-1178-3p mimics transfection, 
whereas cell transfected with miR-1178-3p-specific 
inhibitor showed opposite effect (Fig. 2A, p<0.001). 

Cell proliferation was analyzed using the CCK-8 
assay. Our results showed that the proliferation rate of 
SUNE-1 cells was elevated 48 h and 72 h after miR-
1178-3p overexpression (Fig. 2B, left panel, p<0.001). 
In contrast, miR-1178-3p inhibition significantly 
reduced SUNE-1 cell proliferation compared to 
negative controls (Fig. 2B, right panel, p<0.001).

In the colony-formation assay, overexpression of 
miR-1178-3p in SUNE-1 cells resulted in increased 
colony formation compared to control miRNA-
transfected cells (Fig. 2C, left panels). Conversely, 
cells transfected with miR1178-3p-specific inhibitor 
exhibited decreased colony number compared to 
those transfected with negative controls (Fig. 2C, 
right panels). These results indicate that miR-1178-
3p promotes cancer cell proliferation in NPC.

Cell proliferation assay
Cell count kit (CCK-8) (Obio Technology, China) 

was used to analyze cell proliferation. SUNE-1 cells were 
seeded in a 96-well plate at a density of 2000 cells/well. 
At time points 24 h, 48 h or 72 h, 10 μL of CCK-8 reagent 
was added into each well. Viability of cells was measured 
4 h later at 450 nm absorbance with a microplate reader 
(Synergy Mx, Bio-Tek, USA).

Wound healing assay
Following miRNA mimics or inhibitor treatment, 

SUNE-1 cells were seeded into 6-well plates with 1 ml 
culture medium. When cells reached approximately 90% 
confluence, the cell monolayer was scratched linearly 
with a sterile pipette tip to generate an artificial wound. 
We measured wound distances at t= 0 h and 24 h under a 
microscope and the migration areas were determined by 
an image-analysis program.

Colony formation assay
SUNE-1 cells were transfected with miRNA mimics, 

inhibitors or negative controls with Lipofectamine 3000 
(Invitrogen, USA) according to the manufacturer’s 
instructions. Cells were seeded into 6-well plates 
containing Base Agar with the density of 1000 cells/
well to perform colony formation assay. After 14 days, 
the colonies were fixed with 4% paraformaldehyde for 30 
min, and stained with 0.1% crystal violet (Sigma, USA) 
for 20 min. Colonies were imaged with a digital camera.

Cell invasive assay
Cell invasion was evaluated by Transwell chambers 

(8 μm pore size; Corning, USA) coated with Matrigel 
(BD Biosciences, USA). Following treatment with 
miRNA mimics, inhibitors, negative controls or STK4 
overexpression, SUNE-1 cells were harvested and re-
seeded for 105 cell/well in the upper chamber in serum-free 
medium. Culture medium containing 10% FBS was added 
into the lower chambers. After 24 h, cells were then stained 
with 0.1% crystal violet for 15 min, and photographed 
using an upright  microscope (Olympus, Japan).

Statistical analysis
Data are presented as the mean ± standard deviation 

(SD). Statistical analysis and graphical presentations were 
performed by GraphPad Prism 5.0 software. Student’s 
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STK4 is a direct target of miR-1178-3p via 3’UTR 
binding

To investigate the role of dysregulated miR-1178-
3p and its potential mechanism in NPC tumorigenesis, 
computational prediction algorithms were used to 
predict the biological targets of miR-1178-3p. miR-
1178-3p was predicted to regulate STK4, a cancer-
related gene. The sequences of miR-1178-3p are 
complementary to nucleotides 168-174 and 4009-
4015 of STK4 3’UTR (Fig. 4A, left panel). Next, 
we generated a dual-luciferase reporter construct 
by cloning STK4 3’UTR sequence downstream of 
luciferase reporter gene. Accordingly, miR-1178-3p 
markedly repressed luciferase activity when miR-
1178-3p mimics were co-transfected with the wild-
type reporter construct (Fig. 4A, right panel, lanes 1 
and 2, p<0.001). We then mutated several binding 
sites in STK4 3’UTR to generate the mutant reporter 
construct, which was found to relieve miR-1178-3p-
mediated transcriptional repression (Fig. 4A, right 
panel, lanes 3 and 4), indicating that these sequences 
are the genuine binding sites for miR-1178-3p. 

Furthermore, we measured STK4 mRNA and 

MiR-1178-3p enhances SUNE-1 cell migration 
and invasion

In order to investigate the effect of miR-1178-
3p on NPC cell migration and invasion, SUNE-1 
cells were transiently transfected with miR-1178-3p 
mimics, inhibitor or negative controls, and wound 
healing assay was performed. Wound healing assay 
revealed that miR-1178-3p-overexpressed SUNE-
1 cells migrated much faster than cells transfected 
with miRNA controls, resulting in narrower 
relative wound width after 24 h (Fig. 3A, left panel, 
p<0.001). However, the migration rate of SUNE-1 
cells was reduced when endogenous miR-1178-3p 
was inhibited (Fig. 3A, right panel, p<0.001).

In Transwell invasion assay, overexpression of 
miR-1178-3p in SUNE-1 cells by mimics significantly 
increased the invasive ability of cells (Fig. 3B, left 
panel, p<0.001). Inhibition of endogenous miR-
1178-3p by specific miRNA inhibitor decreased the 
number of cells that penetrated the membrane (Fig. 
3B, right panel, p<0.001). These results demonstrate 
that miR-1178-3p is able to enhance migration and 
invasion of NPC cells in vitro.

Fig. 1. miR-1178-3p is highly expressed in NPC tissues. Expression levels of miR-1178-3p were measured in 60 NPC and 60 normal 
tissue samples by quantitative real-time PCR. The level of miR-1178-3p was significantly higher in tumor tissues (p<0.0001).
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expression, STK4 was re-introduced into miR-
1178-3p-overexpressed cells. As shown in Fig. 5A, 
STK4 protein level was restored following STK4 
overexpression in miR-1178-3p-transfected cells. 

Furthermore, miR-1178-3p-treated SUNE-1 cells 
showed significantly decreased cell proliferation, 
invasion, and migration upon STK4 overexpression, 
which were confirmed by the CCK-8 assay (Fig. 5B), 
colony-formation assay (Fig. 5C), transwell invasion 
assay (Fig. 5D) and wound healing assay (Fig. 5D), 
respectively. These results demonstrate that miR-
1178-3p promotes cell proliferation, migration and 
invasion by inhibiting STK4.

MiR-1178-3p promotes tumor cell survival by 
inhibiting STK4-mediated dephosphorylation of 
AKT signaling

Previous studies have demonstrated that 

protein levels following manipulation of miR-1178-
3p expression. RT-PCR and Western blotting results 
showed marked reduction in the mRNA and protein 
levels of STK4 upon miR-1178-3p overexpression 
(Fig. 4B, upper panel and Fig. 4C, left panel, 
p<0.001), whereas transfection with miR-1178-3p 
inhibitor led to increased STK4 mRNA and protein 
levels (Fig. 4B, lower panel and Fig. 4C, right panel, 
p<0.001). Taken together, these results suggest 
that miR-1178-3p could negatively regulate the 
expression of STK4 by direct 3′ UTR binding.

Overexpression of STK4 abolishes mir-1178-3p-
induced proliferation, migration and invasion in 
nasopharyngeal carcinoma cells

To investigate whether up-regulated miR-
1178-3p could induce proliferation, migration and 
invasion through its direct regulation of STK4 

Fig. 2. miR-1178-3p promotes the proliferation of SUNE-1 cells. A) Relative expression levels of miR-1178-3p were examined 
by quantitative real-time PCR following miR-1178-3p overexpression or inhibition. B) SUNE-1 cell proliferation was measured 
by CCK-8 assay upon miR-1178-3p overexpression or inhibition. C) Representative photographs of the colony-formation assay 
with SUNE-1 cells transfected with miR-1178-3p mimics, miR-1178-3p inhibitor or miRNA controls. (***p<0.001)
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NPC pathogenesis by suppressing STK4-mediated 
dephosphorylation of the AKT signaling.

DISCUSSION

MiRNAs play a vital role in the post-
transcriptional regulation of genes and may be 
differentially expressed in normal and tumor tissues. 
In this study, we discovered that miR-1178-3p 
was highly expressed in NPC tissues compared 
with normal tissues. MiR-1178-3p inhibited STK4 
expression through its binding sites in highly 
conserved regions of the 3’UTR of STK4 mRNA. 
MiR-1178-3p facilitated the proliferation, migration 
and invasion of NPC cells through inhibition of 
STK4-mediated dephosphorylation of AKT. We 
conclude that miR-1178-3p plays an oncomiR role 
and promotes a malignant phenotype in NPC. 

MiR-1178 was first identified by microarray 

activation of the AKT signaling plays a key role in 
cell proliferation, migration and invasion in different 
types of cancers (17-19), and STK4 may interact 
with AKT to regulate its kinase activity (15). Thus, 
we further explored whether miR-1178-3p may 
influence tumor cell survival by regulating STK-AKT 
signaling cascade. We found that overexpression of 
miR-1178-3p in SUNE-1 cells suppressed STK4 
protein level and elevated downstream phospho-AKT 
level compared to negative controls. Re-introduction 
of STK4 into miR-1178-3p-overexpressed cells 
showed the opposite effects (Fig. 6A and B, left panel, 
p<0.001). In contrast, SUNE-1 cells transfected with 
miR-1178-3p inhibitor displayed elevated STK4 level 
and decreased phospho-AKT level, whereas STK4 
knockdown in miR-1178-3p inhibitor-transfected 
cells had the opposite effects (Fig. 6A and B, right 
panel, p<0.001). Taken together, our results suggest 
that miR-1178-3p acts as an oncogenic miRNA in the 

Fig. 3. miR-1178-3p enhances SUNE-1 cell migration and invasion. A) Wound healing assay. Upper panels: representative 
photographs; lower panels: quantification. B) Transwell invasion assay. Upper panels: representative photographs; 
lower panels: quantification. (***p<0.001)

L.Q. WANG ET AL.
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wound healing assays demonstrated that miR-1178-
3p could enhance the proliferation, migration and 
invasion of NPC cells in vitro. Thus, miR-1178-3p 
may have common roles and act as an oncomiR in 
different cancer types. 

In order to investigate the underlying mechanism 
of miR-1178-3p up-regulation and tumorigenesis, 
bioinformatics algorithms were used to predict 
potential target genes of miR-1178-3p. We show that 
miR-1178-3p suppressed the expression of the tumor-
suppressor gene STK4 through conserved binding to 
its 3’UTR, which was confirmed by dual-luciferase 
assay and Western blotting analysis. Aberrant up-
regulation of miR-1178-3p in NPC resulted in down-
regulated STK4 level, leading to impaired pro-
apoptotic function. STK4 overexpression abolished 
miR-1178-3p-induced cell proliferation, migration 
and invasion.

We also investigated the associated regulatory 

technology and small RNA cloning approaches in 
human sarcoma samples in 2008 (20). To date, two 
separate studies have demonstrated the biological 
functions of miR-1178 and the association between 
miR-1178 and human cancers. Cao et al. reported 
that miR-1178 promotes the proliferation, G1/S 
transition, migration and invasion of pancreatic 
cancer cells by inhibiting CHIP expression (21). 
Moreover, miR-1178 is overexpressed in pancreatic 
cancer, and is an independent adverse prognostic 
indicator for pancreatic cancer patients. MiR-1178 
promotes the invasion of cancer cells by regulating 
Stub1/FAK/MMP-9 signaling pathway (22). 
However, the potential role of miR-1178 in NPC 
has not been investigated. In our present study, miR-
1178-3p was found to be significantly up-regulated 
in NPC tissues by quantitative RT-PCR, which is 
in accordance with the aforementioned diseases. 
CCK-8, colony-formation, transwell invasion, and 

Fig. 4. STK4 is a direct target of miR-1178-3p via 3’UTR binding. A) Bioinformatics analysis demonstrates the miR-1178-
3p binding sites in STK4 3’UTR sequence. miR-1178-3p represses the relative activity of WT-STK4 3-UTR reporter, but has 
no effect on the mutant reporter. B) Relative STK4 mRNA expression levels were assessed by real-time PCR following cell 
transfection with miR-1178-3p mimics, inhibitors or negative controls. C) Relative expression levels of STK4 protein were 
detected by Western blotting following miR-1178-3p mimics, inhibitors or negative controls transfection. (***p<0.001)
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Fig. 5. Overexpression of STK4 abolishes miR-1178-3p-induced proliferation, migration and invasion in NPC cells. 
SUNE-1 cells were transfected with negative control mimics, miR-1178-3pmimics, or miR-1178-3pmimics together with 
STK4 plasmid. A) Relative expression levels of STK4 protein were detected by Western blotting. Cell proliferation was 
measured by (B) CCK-8 assay and (C) colony-formation assay. D) Cell invasion was measured by transwell invasion 
assay. E) Cell migration was measured by wound healing assay. (***p<0.001).

Fig. 6. miR-1178-3p promotes tumor cell survival by suppressing STK4-mediated dephosphorylation of AKT signaling. A) 
Expression levels of STK4, AKT and p-AKT were examined by Western blotting following control miRNA, miR-1178-3p 
mimics, inhibitor, STK4 plasmid or shRNA for STK4 transfection in SUNE-1 cells. Relative expression levels are shown (B).
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pooled data analysis of two phase III trials. J Clin 
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11.	 Li YQ, He QM, Ren XY, et al. MiR-145 inhibits 
metastasis by targeting fascin actin-bundling protein 
1 in nasopharyngeal carcinoma. PLoS One 2015; 
10(3):e0122228.

12.	 Liu N, Tang LL, Sun Y, et al. MiR-29c suppresses 
invasion and metastasis by targeting TIAM1 in 
nasopharyngeal carcinoma. Cancer Lett 2013; 
329(2):181-188.

13.	 Lee KK, Ohyama T, Yajima N, Tsubuki S, Yonehara 
S. MST, a physiological caspase substrate, highly 
sensitizes apoptosis both upstream and downstream 
of caspase activation. J Biol Chem 2001; 
276(22):19276-85.

14.	 Zhou D, Conrad C, Xia F, et al. Mst1 and Mst2 
maintain hepatocyte quiescence and suppress 
hepatocellular carcinoma development through 
inactivation of the Yap1 oncogene. Cancer Cell 
2009; 16(5):425-38.

15.	 Hsu TI, Hsu CH, Lee KH, et al. MicroRNA-
18a is elevated in prostate cancer and promotes 
tumorigenesis through suppressing STK4 in vitro 
and in vivo. Oncogenesis 2014; 3:e99.

16.	 Li W, Xiao J, Zhou X et al. STK4 regulates TLR 
pathways and protects against chronic inflammation-

mechanisms of miR-1178-3p-induced repression 
of STK4 on tumorigenesis. Previous studies have 
shown that STK4 interacts with AKT to regulate 
its kinase activity (15). As an inhibitory signal of 
apoptosis, the activation of AKT signaling has 
been linked to the cell cycle control, proliferation, 
migration and invasion of cancer cells (19, 21), 
including NPC (17). AKT overexpression leads 
to decreased apoptosis and cell differentiation, 
displaying a more aggressive cancer phenotype 
(23). Also, the activation of AKT signaling could 
affect the outcome of disease treatment (24). In this 
study, overexpression of miR-1178-3p in SUNE-1 
cells decreased STK4 protein level and increased 
the downstream phospho-AKT level, suggesting 
that miR-1178-3p promotes tumor cell survival by 
suppressing STK4-mediated dephosphorylation of 
AKT signaling. 

In conclusion, the present study demonstrates that 
miR-1178-3p promotes the proliferation, migration 
and invasion of NPC cells by targeting STK4 and 
downstream AKT signaling. Aberrant expression of 
certain miRNAs and the alteration of key signaling 
pathways may be the common mechanisms of 
tumorigenesis and disease progression. Meanwhile, 
modulating endogenous miR-1178-3p expression or 
rescuing STK4 expression may become therapeutic 
strategies for NPC treatment.
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Considered as one of the most common 
malignancies, colorectal cancer (CC) shows an 
increasing disease incidence rate worldwide 
in recent years (1). Early symptoms of CC are 
insidious and advance rapidly. The disease could 
be diagnosed when patients showed several typical 
middle-stage symptoms, including bloody stool, 
diarrhea and local abdominal pain (2). In the late 
stages, systemic symptoms such as anemia and 
weight loss would occur (2-4). Therefore, the key to 
the current treatment and prognosis of CC is early 
detection, timely diagnosis and radical operation 

(5). However, the etiology of CC is not yet clear, 
but studies reveal that its onset factors are associated 
with environment, diet, lifestyle and genetic factors 
(6-9). It is becoming increasingly more important 
and urgent for academia and clinicians to clarify the 
pathogenic molecular mechanisms and regulation 
pathways of CC in consideration of its substantial 
morbidity and mortality rates.

Long non-coding RNAs (lncRNAs) are a 
type of non-coding RNAs with a length over 200 
nucleotides (nt), which are involved in a number 
of important regulatory processes of cancer cells 
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LncRNA MALAT1 is reported to play a potential role in human cancers. Hence, we investigated the 
effects of MALAT1 on colorectal cancer in vitro and in vivo, and further validated whether MALAT1 affected 
colorectal cancer development and EZH2 expression via regulating miR-363-3p. The fresh colorectal cancer 
tissues, adjacent non-tumor tissues, FHC, LOVO, SW620, CL40 and HCT116 cells were analyzed in this 
study. MALAT1, miR-363-3p and EZH2 expression levels were assessed using qRT-PCR and Western blot. 
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analysis. Tissues were cut into patches of 5 mm for the 
preparation of total RNA extraction, and stored at -80°C. 
The participants were informed and agreed before the 
operation. All experiment protocols were approved by 
the Ethics Committee of the First People’s Hospital of 
Wenling.  

Cell culture
Human normal colonic mucosa cell line FHC, human 

CCcell lines LOVO, SW620, CL40 and HCT116 were 
obtained from the American Type Culture Collection 
(ATCC, Manassas, USA). FHC and CL40 cells were 
cultured in Dulbecco’s Modified Eagle Medium/
Nutrient Mixture F-12 (DMEM: F12; Thermo Fisher 
Scientific, Waltham, USA) Medium with 10% fetal 
bovine serum (FBS, Thermo Fisher Scientific) and 10% 
dimethylsulfoxide (DMSO; Thermo Fisher Scientific). 
LOVO cells were cultured in Kaighn’s Modification 
of Ham’s F-12 Medium (Thermo Fisher Scientific) 
containing 10% FBS and 10% DMSO. SW620 cells were 
cultured in Leibovitz’s L-15 Medium (Thermo Fisher 
Scientific) with 10% FBS and 10% DMSO. HCT116 cells 
were cultured in McCoy’s 5A Medium (Thermo Fisher 
Scientific) with 10% FBS, 10% DMSO and 1× Trypsin-
Ethylene Diamine Tetraacetic Acid (EDTA) Solution 
(Thermo Fisher Scientific). 

Cell transfection
Lipofectamine 2000 Reagent (Life Technologies 

Corporation, Carlsbad, USA) was used to transfect 
siMALAT1 and shRNA-MALAT1 into cells following the 
manufacturer’s instruction. Small interfering RNA (siRNA) 
MALAT1 (siMALAT1) was transfected into SW620 and 
HCT116 cells to knock down MALAT1. miR-363-3p 
mimics, inhibitors and their miR-NCs were transfected 
into LOVO and CL40 cells. Short-hairpin RNA (shRNA)-
MALAT1 was transfected into SW620 cells.

Cell proliferation assay
Cell proliferation rate was determined using 3-(4, 

5)-dimethylthiahiazol-(-z-y1)-3, 5-diphenytetrazolium 
bromide (MTT) Cell proliferation Kit (Sigma-Aldrich, St. 
Louis, USA). 48 h post-transfection, cells were suspended 
by trypsin, added into 10 μl MTT solutions, and incubated 
at 37°C for 4 h. Cells were washed by 1×phosphate buffer 
saline (1×PBS) twice, added into 150 μl DMSO, and 

(10). Metastasis-associated lung adenocarcinoma 
transcript 1 (MALAT1) is a highly conserved 
evolution gene located on chromosome 11q13 (11). 
MALAT1 has been reported to play a potential 
role in human cancer, including non-small cell 
lung cancer, gastric cancer and castration resistant 
prostate cancer (11-13). Several studies reported that 
MALAT1 functioned as a specific marker of early 
tumor metastasis and prognosis in patients who 
suffered from lung cancer. Interestingly, MALAT1 
was highly expressed in lung, pancreas and other 
healthy organs (11, 14). Furthermore, lung cancer 
cell migration was significantly inhibited when it 
interfered with M gene expression. 

In addition, microRNAs (miRNAs) are non-
coding small RNA molecules encoded by the genome 
of higher eukaryotes with a length of ~22nt, which 
have been reported to play an important role in almost 
all types of cancers, including initiation, progression, 
and transmission of cancer microenvironments (15). 
A large number of studies suggest that miRNA could 
affect cancer cell apoptosis, proliferation, migration 
and invasion. For example, miR-181a and miR-630 
were reported to diminish cell cycle arrest (16), miR-
146a inhibited androgen-dependent prostate cancer 
cell growth (17), and miR-363-3p decreased gastric 
cancer cell growth and migration (18).

This study was carried out with the aim to 
investigate the effects of MALAT1 on CC tissues 
and in cell models, and to reveal whether MALAT1 
affects CC development by sponging miR-363-3p 
that regulates enhancer of zeste homolog 2 (EZH2) 
expression. 

MATERIALS AND METHODS

Tissue collection
Fresh CC tissues and adjacent non-tumor tissues were 

obtained from 30 patients (20 male and 10 female), who 
had undergone surgery between September 2012 and 
November 2013 in the First People’s Hospital of Wenling, 
China. The clinicopathological parameters of CC tissues, 
such as the locations, sizes and differentiation of tumors, 
American Joint Committee on Cancer (AJCC) stage and 
vascular invasion, are summarized in Table I. Overall 
survival of the patients was tested by Kaplan–Meier curve 
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0.1% crystal violet for 30 min. The non-traversed cells 
were wiped off the upper surface, and then the traversed 
cells randomly selected 9 fields of vision to count under 
the microscope (Leica Microsystems). 

Dual luciferase activity assay
The cells were co-transfected with empty pmir-GLO-

NC, pmir-GLO-MALAT1-Wt, pmir-GLO-MALAT1-Mut, 
EZH2 3’-UTR-Wt or EZH2 3’-UTR-Mut (GenePharma) 
and miR-363-3p or scramble using Lipofectamine 2000. 
The relative luciferase activities were measured according 
to Dual-Luciferase® Reporter Assay System Protocol 
(Promega, Madison, USA).

RNA binding protein immunoprecipitation (RIP) assay
RIP assays were performed using RIPTM RNA-Binding 

Protein Immunoprecipitation Kit (Millipore, Billerica, 
USA) according to the manufacturer’s instructions. Cells 
were lysed in RIP lysis buffer. 100 μl of cell lysates were 
incubated with RIP wash buffer containing magnetic 
beads that conjugated to human anti-Ago2 antibody at 
4°C overnight. IgG functions was a negative control. 
The coprecipitated RNAs were isolated by TRIzol (Life 
Technologies Corporation, Carlsbad, USA) and detected 
by qRT-PCR. At the same time, the total RNAs (input 

samples were measured at the wavelength of 490 nm (OD 
490) by Microplate Reader (Sigma-Aldrich) at 12, 24, 
48 and 72 h time points. Subsequently, transfected cells 
were seeded on 65 mm dishes. After 10 days, cells were 
fixed by 4% polyoxymethylene (PFA; Sigma-Aldrich), 
stained with 0.5% crystal violet (Solarbio, Beijing, China) 
for 30 min, and colony numbers were counted under the 
microscope (Leica Microsystems, Weitzlar, Germany).

Cell migration assay
Cell migration rate was detected by cell wound healing 

assay. Briefly, LOVO, CL40, SW620 and HCT116 cells 
were seeded in 6-well plates with 5 mm horizontal line for 
24 h at 37°C. Then, the plates were marked perpendicular 
to the horizontal line using a pipette tip. Cells were washed 
by 1×PBS twice, incubated at 37°C for 12 h, and recorded 
using a Nikon Microscope (Nikon, Tokyo, Japan).

Cell invasion assay
Cell invasion was determined by Transwell assay. 

LOVO, CL40, SW620 and HCT116 cells were incubated 
on the upper compartment of 24-well plates at 37°C for 
24 h post-transfection. The lower compartment was added 
with 500 μl of DMEM with 10% FBS. Subsequently, cells 
were fixed by 95% methanol for 30 min and stained with 

Fig. 1. MALAT1 was overexpressed in colorectal cancer tissues and cells. MALAT1 mRNA expression level was assessed 
in (A) colorectal cancer tissues and adjacent non-tumor tissues and in (B) human normal colonic mucosa cell line FHC, 
human colorectal cancer cell lines LOVO, SW620, CL40 and HCT116. C) Overall survival was tested by Kaplan-Meier 
curve analysis. (n=30; ***p <0.001). 
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City, USA) was used to detect the expression level of 
miR-363-3p. The GAPDH and U6 were used to normalize 
MALAT1, EZH2 and miR-363-3p levels, respectively. 
Fold changes were calculated as 2-ΔΔCt (19).

Western blotting
The total proteins were extracted by using Lysis Buffer 

(Thermo Fisher Scientific) with 100 mM PMSF on ice for 
30 min. The proteins were separated by 10% SDS-PAGE, 
and transferred to the Polyvinylidene Difluoride (PVDF) 
membrane. EZH2 and GADPH antibodies (1:1,000; 
Abcam, Shanghai, China) were diluted in 1×TBST. The 
membrane proteins were incubated at room temperature 

controls) and IgG were also detected with the aim to prove 
that the signal was the result of RNAs specifically binding 
to Ago2.

Quantitative real-time polymerase chain reaction (qRT-
PCR

The total RNA was extracted from cells using Trizol 
(Life Technologies Corporation) and reversed to cDNA 
by using an mRNA Selective PCR kit (TaKaRa, Dalian, 
China). The One Step SYBR® PrimeScriptTMRT-PCR 
Kit (TaKaRa) was used to detect MALAT1 and EZH2 
expression levels. In addition, the Taqman MicroRNA 
Reverse Transcription Kit (Applied Biosystems, Foster 

Fig. 2. MALAT1 regulated colorectal cell proliferation, invasion and migration. Cells were respectively transfected with 
MALAT1 or NC, siMALAT1 or siNC. A-C) cell proliferation was measured by MTT and crystal violet assay. D) Cell 
migration was assessed by using cell wound healing assay. E) Cell invasion was measured by Transwell assay. (**p <0.01).
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were measured and calculated weekly according to the 
formula (20): 

Tumor volume=(the longest diameter of the tumor 
×the shortest diameter of the tumor)2/2. 

The tumor tissues were excised from sacrificed 
nude mice and fixed in 4% paraformaldehyde solution. 
All experimental procedures and protocols followed 
the Guide for the Care and Use of Laboratory Animals 
published by the US National Institutes of Health and 
approved by the Ethics Committee of the First People’s 
Hospital of Wenling. 

Statistical analysis
The three parallel experimental data were expressed 

by the mean ± standard deviation (SD). The p-values of 
comparisons were calculated using Student’s t-test or 
chi-square test. In this study, p<0.05 was considered as 

for 1 h and washed twice by 1×TBST. Secondary antibody 
(1:2,000) marked by horseradish peroxidase (HRP) 
contacted with the PVDF membrane and incubated at 
room temperature for 1 h. The PVDF membranes were 
displayed and fixed in an X-light clip. The band intensity 
and molecular weight was quantified using Image Lab™ 
Software (Bio-Rad, Shanghai, China).

Establishment of xenograft mouse model
Nude mice weighing 60-80 g were purchased from 

Beijing Vital River Laboratory Animal Technology Co., 
Ltd (Beijing, China), and raised in specific-pathogen-free 
(SPF) room with a humidity of 40-60 at 26-28°C. SW620 
cells were transfected with shRNA-MALAT1 or shRNA, 
and subsequently incubated at 37°C for 48 h. Transfected 
cells (2×106/ml) were injected into the subcutaneous of 
nude mice for 4 weeks. The tumor weights and volumes 

Fig. 3. miR-363-3p was a target of MALAT1 in colorectal cells. LOVO and CL40 cells were severally transfected with 
miR-NC or miR-363-3p mimic. A) The potential binding sequences between MALAT1 and miR-363-3p was analyzed via 
bioinformatics analysis. B) The relative luciferase activities of MALAT1 were measured. C) The MALAT1 enrichment was 
measured by using RIP assay. (**p <0.01; ***p <0.001).
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order to analyze the prognostic value of MALAT1 
expression for colorectal cancer, overall survival of 
patients was tested by Kaplan–Meier curve analysis. 
Data in Fig. 1C suggested that overall survival in the 
low MALAT1 expression group was higher than that 
in the high MALAT1 expression group. Collectively, 
MALAT1 expression level was fortified in CC 
tissues and cell models, and had effects on prognosis 
of colorectal cancer.

MALAT1 overexpression increased colorectal cell 
proliferation, migration and invasion 

Cell proliferation, invasion and migration rate 
were then assessed with the aim to investigate the 
effect of MALAT1 on colorectal cells. 

MALAT1 and NC were transfected into LOVO 
and CL40 cells, while siMALAT1 and siNC were 
transfected into SW620 and HCT116 cells. Data 
in Fig. 2, A and B show that cell proliferation 
was significantly increased when MALAT1 
overexpression in LOVO and CL40 cells (**p<0.01). 
Conversely, cell proliferation was decreased when 
MALAT1 silencing in SW620 and HCT116 cells 

statistically significant (*p<0.05, **p<0.01, ***p<0.001). 

RESULTS

MALAT1 was overexpressed and had associations 
with several clinicopathological parameters in 
colorectal cancer. To explore the effect of MALAT1 
on colorectal cancer, MALAT1 expression level was 
detected in CC tissues and cell models. 

In Fig. 1A, the relative expression level of 
MALAT1 in CC tissues was more than that 
in adjacent non-tumor tissues (***p<0.0001). 
Similarly, MALAT1 expression level was increased 
in LOVO, SW620, CL40 and HCT116 cells 
compared to human normal colonic mucosa FHC 
cells (Fig. 1B, ***p<0.001). Among them, the 
expression of MALAT1 was the highest in SW620 
cells. Then, we analyzed the relationship between 
the MALAT1 expression and clinicopathological 
parameters of patients. In Table I, the results show 
MALAT1 expression was significantly correlated 
with AJCC stage, vascular invasion, lymph node 
metastasis and distant metastasis (*p<0.05). In 

Fig. 4. EZH2 was a target of miR-363-3p in colorectal cells. LOVO and CL40 cells were severally transfected with 
miR-NC, miR-363-3p mimic, NC-inhibitor or miR-363-3p inhibitor. A) The relative luciferase activities of EZH2 were 
detected. The expression of EZH2 was assessed by using (B) Western blot and (C) qRT-PCR. (***p <0.001).
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RNA (ceRNA) in gallbladder carcinoma. Hence, in 
this study, we used the online program TargetScan 
database (http://www.targetscan.org/) to predict 
the potential binding sequences between lncRNA 
MALAT1 and miR-363-3p (Fig. 3A). 

Experimental results suggested the relative 
luciferase activities were significantly lessened in 
LOVO and CL40 cells that transfected with pmiR-
Glo-MALAT1-Wt compared to those transfected 
with pmiRGlo-NC (**p<0.01), while transfection 
using pmiE-Glo-MALAT1-Mut showed no 
obvious effect on relative luciferase activities 
(Fig. 3B). In Fig. 3C, RIP assay results suggested 
that miR-363-3p was enriched by MALAT1 in 
LOVO and CL40 cells (***p<0.001). Therefore, 
the above results suggested miR-363-3p was a 
target of MALAT1. 

(**p<0.01 or ***p<0.001). Furthermore, crystal 
violet staining results showed that cell colony 
numbers in the MALAT1 or siNC group were higher 
than that in the NC or siMALAT1 group (Fig. 2C). 
In Fig. 2,D and E, cell wound healing and Transwell 
assay indicated that cell migration and invasion 
rate were increased in the MALAT1 group then NC 
group, and were clearly decreased when MALAT1 
knockdown. In short, MALAT1 overexpression 
could increase colorectal cell development; similarly, 
MALAT1 silencing could reduce cell proliferation, 
migration and invasion.

miR-363-3p was a target of MALAT1 in colorectal cells. 
Wang et al. reported that MALAT1 could adsorb 

miR-363-3p through sponging to regulate the 
expression of MCL-1 as competing endogenous 

Fig. 5. MALAT1 promoted EZH2 expression by regulating miR-363-3p in colorectal cells. Cells were respectively transfected 
with MALAT1, NC, miR-363-3p mimic, siMALAT1, siNC or miR-363-3p inhibitor. The mRNA levels of (A) MALAT1 and (B) 
EZH2 were detected by using qRT-PCR. C) The protein expression level of EZH2 was assessed by using western blotting. D) 
The potential binding sequences between EZH2 and miR-363-3p was predicted by using bioinformatics analysis. E-F) The 
relative luciferase activities of EZH2 were detected in cell models. (**p <0.01; ***p <0.001). 
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of EZH2. As shown in Fig. 4B and 4C, EZH2 
expressions were decreased when miR-363-3p 
overexpressed in LOVO and CL40 cells (**p<0.01). 
On the contrary, the expression levels of EZH2 were 
distinctly up-regulated in the miR-363-3p-inhibitor 
group than in the NC-inhibitor group (***p<0.001). 
Collectively, it is suggested that miR-363-3p was a 
negative upstream regulator of EZH2. 

MALAT1 promoted EZH2 expression by regulating 
miR-363-3p in colorectal cells

LOVO and CL40 cells were transfected with 
MALAT1 and NC respectively, while SW620 and 
HCT116 cells were transfected with siMALAT1 and 

EZH2 was a target of miR-363-3p in colorectal cells.
Using microRNA database (http://www.

microrna.org/), we discovered that EZH2 might be 
a potential target gene in the downstream of miR-
363-3p. Subsequently, dual luciferase activity assay 
was applied to verify whether EZH2 was a target of 
miR-363-3p. 

Fig. 4A suggested the relative luciferase activities 
were remarkably decreased when miR-363-3p 
overexpression in EZH2 3’-UTR-Wt transfected 
LOVO and CL40 cells (***p< 0.001). Meanwhile, 
the relative luciferase activities of cells transfected 
with EZH2 3’-UTR-Mut did not change significantly. 
Subsequently, we detected the expression levels 

Fig. 6. MALAT1 knockdown inhibited the growth of cancer and EZH2 expression by miR-363-3p overexpression. CL40 
cells were transfected with MALAT1, NC or miR-363-3p mimics. Cell proliferation was measured by using (A) MTT and 
(B) crystal violet assay. Cell migration and invasion were assessed by using (C) Transwell assay and (D) cell wound 
healing assay. The expression levels of EZH2 (E) mRNA and (F) EZH2 protein were assessed. (**p <0.01; ***p <0.001). 
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activity in HCT116 and SW620 cells (**p<0.01; 
***p<0.001). The increased activity was alleviated 
when MALAT1 and miR-363-3p were both knocked 
down (**p<0.01, Fig. 5F). In summary, these results 
indicated MALAT1 could affect EZH2 transcriptional 
levels by regulating miR-363-3p expression.

MALAT1 knockdown inhibited the growth of cancer 
and EZH2 expression by miR-363-3p overexpression

To investigate the effects of MALAT1 and miR-
363-3p on the regulation of cell growth, we detected 
cell proliferation, migration and invasion rates in 
CL40 cells. 

MTT and crystal violet assays revealed that 
MALAT1 overexpression promoted cell proliferation, 
while miR-363-3p overexpression partially inhibited 
these additions (**p< 0.01, Fig. 6 A-B). Similarly, 
Transwell and cell wound healing assay suggested 
that increase of cell migration and invasion caused 
by MALAT1 overexpression were inhibited when 
miR-363-3p mimics transfected into cells (Fig. 6C 
and 6D). Furthermore, Fig. 6E and 6F demonstrated 
that the expression levels of EZH2 were alleviated in 
the MALAT1+miR-363-3p mimics group than that 
in the MALAT1+NC mimics group (***p<0.001). 
In addition, to accurately investigate the regulatory 
relationship between MALAT1 and miR-363-3p 
or miR-363-3p and EZH2, qRT-PCR was utilized 

siNC. The effects of MALAT1 on the expression 
levels of EZH2 and miR-363-3p were assessed by 
qRT-PCR and Western blotting. 

As seen in Fig. 5A, overexpression of MALAT1 
inhibited miR-363-3p mRNA levels, and MALAT1 
knockdown significantly increased miR-363-3p 
levels in colorectal cells (***p<0.001). As shown in 
Fig. 5 B-C, mRNA and protein levels of EZH2 were 
both increased in the MALAT1 group compared 
to the NC group (***p<0.001). Conversely, EZH2 
were significantly down-regulated in the siMALAT1 
group than in the siNC group (***p<0.001). 

Furthermore, the potential binding sequences 
between miR-363-3p and EZH2 were analyzed, 
as shown in Fig. 5D. Based on these results, dual 
luciferase activity assay was applied to evaluate the 
binding status and abilities between MALAT1, miR-
363-3p and EZH2. 

As shown in Fig. 5E, it is suggested that the 
relative luciferase activities of EZH2 were increased 
when MALAT1 was overexpressed (***p<0.001), 
which was clearly decreased in content of miR-
363-3p overexpression (**p<0.01; ***p<0.001). 
Meanwhile, cells that co-transfected with MALAT1 
and miR-363-3p mimic ameliorated the effects of 
such decrease (**p<0.01). Contrarily, MALAT1 
silencing reduced, while miR-363-3p knockdown 
significantly increased the relative luciferase 

Fig. 7. MALAT1 negatively regulated miR-363-3p, and positively regulated EZH2 expression. The expressions of (A) miR-
363-3p and (B) EZH2 were detected in colorectal cancer tissues and adjacent non-tumor tissues.
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to aging, and the studies regarding its molecular 
pathogenesis have also received increasing attention 
(2-4, 6). In this study, we observed that MALAT1 
was highly expressed in CC tissues and cell models 
and had a correlation with clinicopathological 
parameters. We also observed MALAT1 knockdown 
inhibited cell proliferation, migration and invasion 
by miR-363-3p up-regulation. miR-363-3p was a 
downstream target of MALAT1, and EZH2 was a 
target of miR-363-3p. Moreover, MALAT1 silencing 
decreased CCgrowth and EZH2 expression, and 
increased miR-363-3p expression in vivo.

LncRNAs can regulate or maintain gene 
expression to promote or inhibit tumor growth, 
and their abnormal expressions often lead to the 
occurrence, development and metastasis of tumors 
(21). Some studies revealed that MALAT1 promotes 
cell proliferation, motility and invasion, while 
MALAT1 expression was increased in various types 
of cancers, such as gallbladder cancer, triple-negative 
breast cancer and CC (22-24). Moreover, Jin et al. 
found that knockdown of MALAT1 could inhibit 
the growth of tumor in vivo (24). Our experimental 
results were consistent with the above results, 
indicating that MALAT1 was highly expressed 
and promoted CC cell development in vitro and in 

to assess their expression levels in CCtissues and 
adjacent non-tumor tissues. In Fig. 7A-B, MALAT1 
negatively regulated miR-363-3p, and positively 
regulated EZH2 expression levels. To sum up, 
MALAT1 knockdown inhibited cell development 
and EZH2 expression by upregulating miR-363-3p.

MALAT1 knockdown decreased tumor growth 
and EZH2 expression, and increased miR-363-3p 
expression in vivo

A xenograft mouse model was established to verify 
the effects of MALAT1 on tumor growth in vivo. 

Fig. 8A-C suggested that tumor sizes, weights 
and volumes were significantly decreased when 
MALAT1 was knocked down (***p< 0.001). As 
shown in Fig. 8D, cell proliferation ability in vivo 
was also reduced in the shRNA-MALAT1 group 
comopared to the sh-Ctrl group. Furthermore, 
qRT-PCR and Western blotting results confirmed 
that MALAT1 knockdown increased miR-363-3p 
expression (***p<0.001), which also remarkably 
reduced the protein levels of EZH2 in vivo. 

DISCUSSION

The age of onset of CC patients gradually tends 

Fig. 8. MALAT1 knockdown decreased tumor growth and EZH2 expression, and increased miR-363-3p expression in vivo. 
SW620 cells were transfected with shRNA-MALAT1, which were transplanted subcutaneously into nude mice. Tumor (A) 
sizes, (B) weights and (C) volumes were measured and calculated. D) Cell proliferation, the expression levels of (E) miR-
363-3p and (F) EZH2 were assessed. (***p <0.001).
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colorectal cancer.
Current studies have found the effects of lncRNAs 

on cancer development is through regulation of 
miRNAs expression (16, 18, 24, 25). However, 

vivo. In addition, MALAT1 expression also affected 
overall survival of patients. We hypothesized that 
there might be a certain relationship between the 
expression levels of MALAT1 and the occurrence of 

Table I. Correlation between MALAT1 expression and clinicopathological parameters of colorectal cancer patients (n=30).

Number of cases Low MALAT1 
expression(%)

High MALAT1 
expression(%) p value

Gender 0.784
Male 10 7 3
Female 20 13 7
Age(years) 0.796
≤65 16 11 5
>65 14 9 5
Location 0.584
Left 20 14 6
Right 10 6 4
Tumor size(cm) 0.439
≤3 15 9 6
>3 15 11 4
AJCC stage
I 4 4 0 0.035*
II 8 7 1
III 13 8 5
IV 5 1 4
Differentiation 0.845
Well 11 8 3
Moderate 13 8 5
Poor 6 4 2
Vascular invasion 0.018*
Yes 12 5 7
No 18 15 3
Depth of invasion 0.754
T1 2 1 1
T2 7 5 2
T3 9 7 2
T4 12 7 5
Lymph node metastasis 0.034*
N0 12 11 1
N1 12 7 5
N2 6 2 4
Distant metastasis 0.015*
M0 25 19 6
M1 5 1 4

*p<0.05.  AJCC: American Joint Committee on Cancer.
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weight and volume, and EZH2 expression levels. 
LncRNA MALAT1 could function as a miRNA 
sponge to promote CC development and EZH2 
expression, while negatively regulating miR-363-3p 
expression. The regulatory network of MALAT1/
miR-363-3p/EHZ2 might provide a novel molecular 
basis for future research and treatments of colorectal 
cancer. In future experiments, we will study the 
regulatory role of MALAT1 on more miRNAs with 
the aim to identify more regulatory networks in CC 
to develop novel therapeutic strategies from bench 
to clinic.
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5-methyl cytosine (5mC) as an important 
epigenetic modification plays important roles in 
gene expression, embryonic development and 
disease progression. In tumors, including acute 
leukemia, the genome-wide hypomethylation and 
hypermethylation of promoter regions lead to 
transcriptional silencing of some genes of DNA 
damage repair, apoptosis and cell cycle regulation, 
which promotes the pathogenesis of various tumors 
(1). For example, hypermethylation of SFRP1/2 
silenced its expression and was an adverse risk factor 
for overall survival in AML patients (2).

Recently, two papers reported that 5mC could be 
oxidized to 5-hydroxymethyl cytosine (5hmC) by 
TET protein family (3, 4). Stroud et al. (5) indicated 
that 5hmC is mainly involved in gene promoters and 

enhancer, and plays an important role in regulation of 
gene expression. Orr et al. (6) found that the degree 
of malignancy was associated with a decrease of 
5hmC levels in gliomas. In breast cancer, the level of 
5hmC is closely related to the hypoxia, malignancy 
and poor prognosis (7). In addition, Thomson et al. 
(8) showed that changes in 5hmC levels occur earlier 
than changes in 5mC, and that the changes are very 
stable. In short, the 5hmC level is a potential marker 
for early tumor diagnosis and may be predictive of 
prognosis. However, studies are limited on 5hmC of 
single gene, especially in AML.

Acute myeloid leukemia (AML) is a group of 
hematological malignancies and is characterized 
by abnormal proliferative, clone and differentiation 
of stem cells (9). The development of AML is 

Key words: DNA methylation; hydroxymethylation; KIT; AML

5-methyl cytosine (5mC) can be oxidized to 5-hydroxymethyl cytosine (5hmC) under the action of 
TET protein family, and 5hmC plays important roles in the pathogenesis of various tumors including 
acute myeloid leukemia (AML). In this study, we evaluated the role of 5mC and 5hmC levels in HL60 
AML cells and bone marrow samples from AML patients for KIT gene expression to analyze 5hmC 
level in AML pathogenesis. Results showed that the expression and 5hmC level increased significantly 
of the KIT gene but the change of its 5mC level was not obvious after being treated by decitabine 
(DAC) in HL60 cells. IDH1 and IDH2 expression increased followed by increased KIT 5hmC level. In 
AML patients with IDH1 or IDH2 mutation, KIT expression and 5hmC were much lower than in those 
without mutation. The study indicated that the expression of KIT gene was regulated by 5hmC level in 
HL60 cells, and the 5hmC level was regulated by IDH1 and IDH2.
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over-expressing cells showed a regression of typical 
morphological features of malignancy (13). Some 
papers reported that KIT expression was highly 
expressed or mutated in various tumors including 
leukemia cells (14-16), however there is no report 
on 5mC or 5hmC of KIT gene.

MATERIALS AND METHODS

Cell culture and treatment
HL60 AML cells were kindly provided by Professor 

associated with the accumulation of acquired genetic 
alterations and epigenetic changes in hematopoietic 
progenitor cells, such as abnormal expression 
of tumor suppressor genes and oncogenes (10). 
The oncogene KIT encodes the cellular homolog 
of the feline sarcoma viral oncogene KIT and is 
involved in cell signal transduction pathways, such 
as MAPK, PI3K and JAK (11). KIT could lead to 
tumor growth through impairment of cellular growth 
regulation (12). KIT over-expression leads to a 
significant inhibition of cellular proliferation, and 

Table I. Names and sequences of all primers.

Name Primer sequences (5’→3’)

ASXL1F CTGTGGGTCTAATGAAGCC

ASXL1R TCGCCTGTGAGGAAGC

KITF TACAACGATGTGGGCAAGA

KITR TACGAAACCAATCAGCAAAG

NRASF CTCAGGGTTGTATGGG

NRASR CCTCCAGGGAAGTCAG

KRASF GAGGGAGATCCGACAA

KRASR CAACACCCAGATTACATT

RUNX1F GTTTGTCGGTCGAAGTG

RUNX1R TTTGATGGCTCTGTGGTA

KITMF TCAGCCTGGCCGTCCACATC

KITMR GCCCCTGCTCTTTCGACGTG

TET1F GCACATAAGATAAGGGCAGTGG

TET1R ACTTCAGGTTGCACGGTCTCAG

TET2F AGAAAGGAGACCCGACTG

TET2R GCAAAGGCAAGTAAACAAT

IDH1F CTCTGTCTAAGGGTTGG

IDH1R ACTGGGACTTGTACTGC

IDH2F GGGCGTTTCAAGGACA

IDH2R CAAAGCCACCCGAAGA

Note: F and R indicate the upstream and downstream primers. KITMF 
and KITMR indicate the primers used for 5mC and 5hmC detection.
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concentrations of DAC or DMSO as controls for 48 h. After 
treatment for 48 h, cells were added with 20 μL MTT (5mg/
mL) in each well and then incubated for 4 h. Subsequently, 
supernatant was removed and 180 μL DMSO was added 
after centrifugation. The optical density was measured at 
490 nm using a microplate spectrophotometer. Percentage 
of cell growth inhibition was calculated as (ODcontrol-
ODdrug)/ODcontrol× 100%.

RNA isolation and real-time RT-PCR
Total RNA from HL60 cells of each group was 

isolated with TRIzol reagent (Invitrogen, Carlsbad, CA, 
USA) according to the manufacturer’s instructions. The 
RNA samples were treated with Amplification Grade 
DNase I (TaKaRa, Tokyo, Japan) at room temperature for 
60 min to prevent of DNA pollution. First strand cDNA 
was synthesized with RevertAid™ First Strand cDNA 
Synthesis Kit (MBI) and the real-time PCR was performed 
by an ABI 7500 system using SYBR®Premix Ex TaqTM 
(Takara, Dalian, China). The house-keeping gene β-actin 
was used as internal controls to evaluate the relative 
expression. All the primer sequences for expression, 5mC 
and 5hmC analysis are all listed in Table I. 

Western blot analysis
After the exposure to DAC for 48 h, the cells were 

collected and the total protein was isolated with lysis 

Amin from MD Anderson Cancer Center (Houston, TX, 
USA). Cells were cultured in DMEM-1640 medium 
with 10% FBS and 5% CO2. When the cells reached 
80% confluence, they were reseeded at a dilution of 
1:3. HL60 cells (105 per well) were treated with various 
concentrations of demethylation drug decitabine, referred 
to as DAC (Sigma, MO, USA), for 48 h. Then the cells 
were used for cell viability analysis, and DNA, RNA and 
protein extraction. 

Patient samples
Bone marrow (BM) samples from AML patients 

(n=56) were collected at the Second Affiliated Hospital 
of Harbin Medical University between August 2016 and 
July 2017 after informed consent. The median age was 
48 (18 to 65 years). All subjects were newly diagnosed 
AML patients (except for M3) and were detected by two 
generation sequencing with AML panel. Among the 56 
AML patients, 10 and 12 patients had IDH1 and IDH2 
mutations, respectively. No mutation was found in the 
other patients.

Cell viability assay
Cell viability analysis was determined with the MTT 

method. HL60 cells (2×104cells/well) were seeded in 
triplicate into 96 well plates in normal growth media for 
24 h. Then the cells were supplemented with various 

 
Fig. 1. Effect of DAC on HL60 cell proliferation. Control, 2, 4, 8, 16 and 32 indicate 
HL60 cells treated with DMSO and various concentrations (uM) of DAC.  *P<0.05 vs 
control. 
 

 

 
Fig. 2. Gene relative expression with real time PCR (a) and Western blot (b). Controls 
indicates HL60 cells treated with DMSO. *P<0.05, **P<0.01 vs control. 
 

Fig. 1. Effect of DAC on HL60 cell proliferation. Control, 2, 4, 8, 16 and 32 indicate HL60 cells treated with DMSO and 
various concentrations (uM) of DAC.  *P<0.05 vs control.
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two methods were previously described in Ma et al. (17).

Detection of 5hmC
The Quest 5hmC Detection Kit™ (Zymo Research, 

Irvine, CA, USA) was used for 5hmC analysis. Firstly, 
DNA was glycosylated according to the manufacturer’s 
instructions, after which glucose-5hmC-sensitive restriction 
endonucleases were able to cut the C and 5mC sites, but not 
the 5hmC sites. As a result, KIT 5hmC could be detected 
with real-time PCR using the treated DNA as template. We 
used ΔΔCt values (glucosylated-unglucosylated) to assess 
the 5hmC levels in all detected samples. 

Statistical analysis
All data are presented as the average of three 

independent experiments. The 2-△△Ct method was used to 

buffer and PMSF. Proteins were separated on 10% SDS-
PAGE, transferred to a PVDF membrane and detected 
with anti-KIT and anti-β-actin antibodies (Cell signaling 
technology, Boston, MA, USA).

DNA isolation and 5mC analysis
HL60 cells of each group were extracted for genomic 

DNA using a DNA Extraction Kit (Tiangen, Beijing, 
China) according to the manufacturer’s instructions. 
Before analyzing 5mC levels, genomic DNA was treated 
with a BisulFlash DNA Modification Kit (Zymo Research, 
Irvine, CA, USA) to convert unmethylated cytosine to 
thymine, but the methylated cytosine remained unchanged. 
In order to make the detection more accurate, we used real 
time PCR and PCR products cloning sequencing methods 
to detect the 5mC level. The specific procedures of the 

 
Fig. 1. Effect of DAC on HL60 cell proliferation. Control, 2, 4, 8, 16 and 32 indicate 
HL60 cells treated with DMSO and various concentrations (uM) of DAC.  *P<0.05 vs 
control. 
 

 

 
Fig. 2. Gene relative expression with real time PCR (a) and Western blot (b). Controls 
indicates HL60 cells treated with DMSO. *P<0.05, **P<0.01 vs control. 
 

Fig. 2. Gene relative expression with real time PCR (a) and Western blot (b). Controls indicates HL60 cells treated with 
DMSO. *P<0.05, **P<0.01 vs control.
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treated by DMSO, 2 μM, 4 μM and 8 μM DAC. Real 
time PCR results showed that DAC increased KIT 
expression significantly, but it had no significant 
effect on ASXL1, NRAS, KRAS and RUNX1 
expression (Fig. 2a). The increased expression 
of KIT treated by DAC was in a dose-dependent 
manner; the increased times were 1.6, 2.4 and 3.8 
at 2 μM, 4 μM and 8 μM, respectively. To verify the 
uniformity between mRNA and protein levels, we 
carried out Western blotting analysis of KIT gene. 
Western blotting results showed that KIT protein 
levels were also increased significantly in HL60 
cells after treatment by DAC (Fig. 2b).

Detection of 5mC and 5hmC of KIT 
Because DAC is a demethylation drug and KIT 

expression increased after treatment by DAC, we 
detected the 5mC and 5hmC levels of KIT in HL60 
cells to study the role of methylation in the regulation 
of gene expression. Three MspI sites in promoter and 
5’ untranslated regions of KIT were used to analyze 
5mC and 5hmC levels in HL60 cells before and 
after treatment by various concentrations of DAC. 
Real time PCR results showed the difference of 
5mC was not significant (Fig. 3a). Subsequently, 
we detected the 5mC of this fragment with direct 
sequencing of clones to verify the accuracy of the 

calculate the relative expression, 5mC and 5hmC levels 
in each gene. Statistical analysis was carried out using 
unpaired Student’s t-test. Values of p<0.05 and p<0.01 
are criteria for evaluating significant and much more 
significant differences.

RESULTS

Effect of DAC on cell viability
HL60 cells were treated with DAC at 

concentrations of 2 μM, 4 μM, 8 μM, 16 μM and 32 
μM for 48 h and the cell viability was determined by 
MTT assay. Because the half-life of DAC is short, 
we replaced the medium with a proper concentration 
of DAC after being treated for 24 h. The MTT results 
indicated that DAC had almost no inhibition on 
HL60 cell growth at concentrations of 2 μM, 4 μM 
and 8 μM. The inhibition rates of DAC were only 
8.5% and 14.3% at concentrations of 16 μM and 32 
μM (Fig.1). To avoid the effect on gene expression 
by inhibition of cell proliferation, we chose the 
concentrations of 2 μM, 4 μM and 8 μM to study the 
demethylation of DAC on HL60 cells.

DAC increased KIT expression in HL60 cells 
We detected the expression of ASXL1, KIT, 

NRAS, KRAS and RUNX1 genes in HL60 cells 
 

 
Fig. 3. 5mC and 5hmC analysis with real time PCR (a) and 5mC analysis with PCR 
products sequencing (b) of KIT gene. Controls indicates HL60 cells treated with DMSO. 
*P<0.05, **P<0.01 vs control. Filled and open circles represent methylated and 
unmethylated CG dinucleotide. 

 

 

 
Fig. 4. TET1, TET2, IDH1 and IDH2 genes expression with real time PCR. Controls 
indicates HL60 cells treated with DMSO. *P<0.05 vs control. 

 

 

Fig. 3. 5mC and 5hmC analysis with real time PCR (a) and 5mC analysis with PCR products sequencing (b) of KIT gene. 
Controls indicates HL60 cells treated with DMSO. *P<0.05, **P<0.01 vs control. Filled and open circles represent 
methylated and unmethylated CG dinucleotide.
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in cells treated by DAC compared to controls (Fig. 
4). However, the expression of IDH1 and IDH2 
increased significantly after DAC treatment, and the 
trend of expression was also in a dose-dependent 
manner similar to KIT expression (Fig. 4).

KIT expression decreased in patients with IDH1 or 
IDH2 mutation

Fifty-six AML patients were chosen for the study 
on the effect of IDH1 and IDH2 on 5hmC of KIT 
gene in vivo. All patients were divided into control 
(n=34), IDH1 (n=10) and IDH2 (n=12) mutated 
groups. All specimens in each group were evenly 
mixed for expression, 5mC and 5hmC detection. Real 
time results indicated that KIT expression decreased 
significantly in patients with IDH1 or IDH2 mutation 
compared to controls. The change trend of 5hmC of 
KIT was consistent with its expression. It was also 
much lower in patients with IDH1 or IDH2 mutation 
than controls. However, the difference of 5mC was 
not significant between the control, IDH1 and IDH2 
mutation groups (Fig. 5). 

above method. Sequencing results indicated that 
the average 5mC percentages were 48% and 46% 
in HL60 cells and those treated by 4 μM DAC, and 
the statistical analysis was not significant (Fig. 3b). 
For 5hmC analysis, the ΔΔCt values (glucosylated-
unglucosylated) were used to assess the 5hmC levels 
in different samples. Statistical analysis showed that 
the difference of KIT 5hmC was significant, and the 
difference was in a dose-dependent manner. The 
ΔΔCt values were -0.24, -1.26, -2.34 and -3.39 in 
control, respectively. In other words, the increased 
times of 5hmC levels were 2.03, 4.29 and 8.88 in 
HL60 cells treated by 2 μM, 4 μM and 8 μM DAC 
compared to control, respectively (Fig. 3a).

DAC increased IDH1 and IDH2 expression
In order to further study the regulatory factors of 

5hmC, we detected the expression of TET1, TET2, 
IDH1 and IDH2 which play important roles in the 
generation and transformation of 5hmC. Real-time 
quantitative PCR results showed that the difference 
of TET1 and TET2 expression was not significant 

 

 
Fig. 3. 5mC and 5hmC analysis with real time PCR (a) and 5mC analysis with PCR 
products sequencing (b) of KIT gene. Controls indicates HL60 cells treated with DMSO. 
*P<0.05, **P<0.01 vs control. Filled and open circles represent methylated and 
unmethylated CG dinucleotide. 

 

 

 
Fig. 4. TET1, TET2, IDH1 and IDH2 genes expression with real time PCR. Controls 
indicates HL60 cells treated with DMSO. *P<0.05 vs control. 

 

 

Fig. 4. TET1, TET2, IDH1 and IDH2 genes expression with real time PCR. Controls indicates HL60 cells treated with 
DMSO. *P<0.05 vs control.
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to aberrant methylation and hydroxymethylation 
patterns (23). The damage of 5hmC in promoter 
region may affect the binding of methylated binding 
proteins to these sequences, thereby affecting the 
expression of these genes. In the study, the 5mC level 
of KIT gene was not changed although its expression 
increased significantly after being treated by DAC. 
Considering the extensive demethylation of DAC 
and the relationship of 5mC and 5hmC, we detected 
5hmC of KIT. Real time PCR results showed that 
5hmC level increased followed by its expression, 
although 5mC level had no change at the same 5’ 
UTR region, which indicated that DAC did not affect 
only demethylation, but also hydroxymethylation on 
some genes. Meanwhile, the results also indicated 
that 5hmC but not 5mC regulated KIT expression 
after treatment with DAC.

TET1 and TET2 are key enzymes in the process 
of DNA hydroxylation and both could catalyze 5mC 
into 5hmC (24). IDH1 and IDH2 could catalyze 
decarboxylation of citric acid to produce alpha 
glutaric acid (α-KG). Alpha-KG could regulate 
DNA hydroxylation process by interfering with the 
activity of a variety of enzymes that depend on its 

DISCUSSION

The evolution of leukemia is a sequential and 
multistep process of genetic variation, such as 
abnormal gene expression or gene mutation. The 
main gene types of genetic variation include tumor 
suppressor gene, and DNA methylation-related 
genes (18). Alterations in DNA methylation of 
many genes occur in hematological malignancies. 
Generally, hypermethylation of tumor suppressor 
genes and hypomethylation of oncogenes are 
involved in the development of leukemia (19). DAC 
had been applied to AML because it could reactivate 
expression of silenced genes due to its demethylation 
effect (20, 21). In this study, KIT expression 
increased significantly but the difference in DNA 
methylation was not significant in HL60 cells treated 
by DAC, which indicated that KIT expression could 
be regulated by other mechanisms rather than DNA 
methylation.

Unlike 5mC, 5hmC is a stable marker of the 
genome. Ficz et al. (22) showed that the content of 
5hmC and 5mC would maintain a relative balance. The 
balance is frequently deregulated in cancer, leading 

 
Fig. 5. Expression, 5mC and 5hmC analysis of KIT gene. Control indicates HL60 cells 
treated with DMSO. *P<0.05 vs control. 

Fig.1 

Fig. 5. Expression, 5mC and 5hmC analysis of KIT gene. Control indicates HL60 cells treated with DMSO. *P<0.05 vs 
control.
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Glioma is a common intracranial cancer, featured 
by high malignancy, high recurrence and poor 
prognosis (1, 2). In 2003, Singh et al. first reported 
cancer stem cells/tumor stem cells (CSC/TSC), for 
which CD133 is a specific marker (3). Many studies 
have shown that CD133+ CSC/TSC in glioma is 
closely related to tumor grading and prognosis. The 
higher the expression of CD133, the higher the tumor 
malignancy and the worse the prognosis (4-6). It is 
indicated that CD133 plays a role in angiogenesis, 
high drug resistance, and radiochemotherapy 
tolerance in glioma (3, 7), though more studies are 
required to investigate the biological functions and 

working mechanism of CD133 (8, 9). In order to 
determine the role of CD133 in the development 
of glioma, the full-length CD133 was inserted 
into retrovirus vector pEGZ-term, and the gene-
transfected cell line stably expressing human CD133 
was constructed. By using the retrovirus vector 
pEGZ-term, the CD133 gene was introduced to the 
genome of U251 glioma cells, so that the transfected 
cell line could stably express CD133 in the long term. 
After repeated freeze/thaw cycles, the cell line could 
maintain the ability of stably overexpressing CD133. 
The research findings lay the basis for understanding 
the effect of CD133 on the growth, proliferation, in-

Key words: glioma; CD133; oncogenicity; biological features

This study aimed to investigate the effect of CD133 on the proliferation and migration of glioma cells 
and expressions of genes related to cancer stem cells/tumor stem cells (CSC/TSC) as well as their in-vivo 
oncogenicity. CD133-overexpressing U251-CD133 and U251-mock glioma cells were constructed. The effect 
of CD133 on in-vitro proliferation and the neurosphere-forming ability of glioma cells was determined by 
cell count and neurosphere formation assay. Real-Time PCR was performed to detect the expressions of 
CSC/TSC-related genes in the CD133-transfected cells. Nude mouse subcutaneous tumor formation assay 
was used to determine the effect of CD133 on the in-vivo oncogenicity of glioma cells. In serum-containing 
medium, human CD133 had no impact on the proliferation of U251 glioma cells, but the neural stem cells 
placed in serum-free medium promoted neurosphere formation. In the presence of CD133, the expressions 
of CSC/TSC-related genes were upregulated to varying degrees in glioma cells; CD133 greatly enhanced 
the in-vivo oncogenicity. In conclusion, CD133 promoted the upregulation of CSC/TSC-related genes in 
glioma cells, while enhancing the neurosphere-forming ability and in-vivo oncogenicity. 
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The intact retroviruses were packaged and the virus-
containing cell culture supernatant was collected 48 h 
later and stored at -20°C until use.

In order to construct the gene transfected cell lines, 
U251 cells (Shanghai Tianda Bioengineering Co., Ltd., 
China) at logarithmic growth stage were inoculated to 
24-well plates (1×105 /well). After the cells adhered to 
the wall, 0.5 ml of virus supernatant was added to each 
well, and Polybrene was added at 8μg/ml for culture 
for 48 h. Cells were digested and diluted, and then they 
were inoculated in 24-well plates for zeocin pressure 
screening (500μg/ml). When the resistant clones were 
large enough, they were inoculated into the culture 
flask and were named U251-CD133. Meanwhile, 293T 
cells were transfected with pCMV-Neo-Bam pEGZ-
Term, and negative control U251 mock cell lines were 
prepared with the same method.

The expression of CD133 mRNA in gene transfected 
cell lines was detected by RT-PCR and Real Time PCR: 
the total RNAs of gene transfected cell lines were 
transfected and reversely transcribed into cDNA. The 
CD133 cDNA fragment was amplified by RT-PCR and 
Real Time PCR with the U251, U251-mock and U251-
CD133 as templates, respectively.

Flow cytometry was used to detect the expression 
of CD133 on the surface of gene transfected cell lines: 
5×105/test U251-CD133, U251-mock and U251 cells at 
the logarithmic growth stage were taken, and they were 
washed twice with PBS buffer containing 0.3%FCS; 1 
μl of CD133 mAb-PE antibody was added for staining, 
and the cells were incubated at 4°C for 30 min, and 
were washed once in PBS buffer. The expressions of 
GFP and CD133 molecules on the cell surface were 
detected with flow cytometry. Meanwhile, mouse IgG-
PE isotype control antibody stained cells were used as 
the control.

Detection of in vitro proliferative ability 
U251, U251-mock and U251-CD133 cells in good 

growth status were digested with trypsin and re-suspended 
in 10% FCS 1640 medium. The cell concentration was 
adjusted to 5×104/ml, and the cells were inoculated into 
the 96-well plate at 100 μl per well, i.e., 5000 cells per 
well. The cells in each well were calculated daily, until 
the end of the experiment. The growth curves were plotted 
and the proliferative status was compared. 

vitro and in-vivo oncogenicity, cytokine secretion 
and signal transduction of glioma cells.

MATERIALS AND METHODS

Animals
Thirty-six nude mice aged 6 weeks were purchased 

from Shanghai Jiandun Biological Technology Co., 
Ltd., and maintained in a specific pathogen-free (SPF) 
environment at the room temperature of 25±2°C, noise of 
less than 60 dB, humidity of 50-60%, and illumination of 
12 h/d. They were fed with aseptic diet and sterile water. 
After one week, the nude mice were randomly divided 
into three groups (12 mice in each group). The experiment 
was approved by the ethics committee of General Hospital 
of Ningxia Medical University.

pEGZ-Term-CD133 construction
Primers were designed based on CD133 gene sequence 

(Gene Bank AF0272081) (General Hospital of Ningxia 
Medical University, China). Restriction sites for BamH I 
and Smi I were introduced to the two flanks of CD133 
cDNA by PCR. The primer sequences were as follows:

upstream 
’-TGGATTTAAATATGGCCCTCGTACTCGGCTC-3’;

 downstream 
5’-GTGTGGATCCCTATCAATGTTGTGATGGGCTTG-3’. 

PCR products were retrieved. Restriction endonucleases 
BamH I and Smi I (Thermo Fisher Scientific, USA) cut 
the PCR products and vector pEGZ-Term (Thermo Fisher 
Scientific, USA). The purified products were joined together 
by the T4 ligase. The competent E. coli Top10 cells (Shanghai 
Xinyu Biotechnology Co., Ltd., China) were transformed and 
the negative colonies were picked. After colony PCR, double 
digestion verification and sequencing, it was indicated that 
the recombinant plasmid was successfully constructed and 
named pEGZ-Term-CD133. 

Construction of CD133-transfected glioma cell lines
For preparation of recombinant retroviruses, 293T 

cells at logarithmic growth stage were taken and 
inoculated to 6-well plates (1×105 /well). When the cell 
confluency reached 80 ~ 90%, the recombinant plasmid 
pEGZ-Term-CD133 and its helper vector pHIT456 and 
pHIT60 (Shanghai Huashun Biotechnology Co., Ltd., 
China) were introduced into 293T cells by liposomes. 

R. GAO ET AL.
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and U251-CD133 cells of the log phase were harvested 
and digested with trypsin. After centrifugation at 1200 rpm 
for 5 min, the supernatant was discarded. The cells were 
washed with sterile PBS twice to remove the residual FBS. 
The cell concentration was adjusted to 2×107/ml, 6×106/
ml and 2×106/ml, respectively, using sterile PBS. The two 
cell lines were inoculated subcutaneously to flanks of the 
nude mice (three groups) at the dose of 1×106/site, 3×105/
site and 1×105/site, respectively, with 50 μl at each site. 
The general conditions of nude mice and tumor formation 
were observed regularly, and the time of tumor formation 
was recorded. The major diameter (a) and short diameter 
(b) of the tumor were measured with a vernier caliper. 
After the tumor grew to a diameter of about 15 mm, the 
nude mice were sacrificed. The tumor size was calculated 
using the formula V=a×b2/2, and the tumor-forming curve 
and growth curve were plotted. 

Statistical analysis 
All data were analyzed statistically using SPSS 19.0 

software. Measurements were reported as sx ± , and 
P<0.05 indicated significant difference. 

RESULTS

pEGZ-Term-CD133 construction
Restriction enzyme cutting sites of BamH I and 

Smi I were introduced into both wings of CD133 
cDNA by PCR, and CD133 gene was transfected into 
pEGZ-Term expression vector plasmids by double 
enzyme digestion. The competence Escherichia 
coli were transformed, and after the bacteria were 
amplified, plasmids were extracted and verified with 
double enzyme digestion (Fig. 1). The results showed 
that the recombinant pEGZ-Term-CD133 was able 
to release fragments similar to the full-length CD133 
gene in size after double enzyme digestion of BamH 
I and Smi I. DNA sequencing showed that the correct 
CD133 full-length gene had been successfully cloned 
into pEGZ-Term retrovirus surface vectors.

As shown in Fig. 1, double digestion of recombinant 
plasmid pEGZ-Term-CD133 with BamH I and Smi I 
produced fragments of similar size as the full-length 
CD133 gene. As verified by DNA sequencing, the 
full-length CD133 gene was successfully cloned to 
the retrovirus vector pEGZ-Term.

Determination of migration ability of gene-transfected 
cells by scratch assay 

After reaching the log phase of growth, U251, U251-
mock and U251-CD133 cells were inoculated into the 
24-well plate at 5×105 per well. The cells were incubated 
overnight to form a cell monolayer. The next day, the 
cells were scratched using the tip of 200 μl pipette, and 
then washed with PBS once to remove the cells floating 
to the middle of the scratch. Images were taken under the 
microscope. The migration of the cells towards the scratch 
was observed every two days and images were taken. 

Detection of colony-forming ability of the gene-transfected 
cells 

DMEM-F12 medium containing B27, bFGF 1ng/
ml and EGF 0.5ng/ml was prepared. The U251, U251-
mock and U251-CD133 cells in good growth status were 
digested with trypsin and washed with PBS three times 
to remove the residual serum in the medium. The cells 
were counted and the cell concentration was adjusted 
to 5×104/ml. The cells were further re-suspended in the 
above-mentioned medium containing the corresponding 
cytokines, and inoculated into the 96-well plate at 100 
μl per well. Cell morphology was observed every two 
days, and neurosphere formation was captured by taking 
images. The number of neurospheres formed in five 
random visual fields was counted under the microscope. 

Real-Time PCR detection of CSC/TSC-related genes
Total RNA was extracted from the cells using Trizol 

method. RNA integrity was verified by electrophoresis 
and the absorbance values of RNA at 260 nm and 280 
n were measured by using a spectrophotometer. The 
extracted products with OD260nm/OD280nm>1.8 were 
reversely transcribed into cDNA, and the expressions 
of CSC/TSC-related genes were measured using SYBR 
Green dye. 

Subcutaneous inoculation of tumor cells to mice 
The two constructed cell lines U251-mock and U251-

CD133 were inoculated to the RPMI 1640 medium 
containing 10% FBS (Thermo Fisher Scientific, USA) and 
placed at 37°C in a 5% CO2 incubator. The cell growth 
status was observed every two days and the passage was 
performed for the two cells simultaneously so that their 
in-vitro growth speed was basically the same. U251-mock 
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indicated by flow cytometry that the U251-CD133 
cell line overexpressed GFP and CD133.

The U251, U251-mock and U251-CD133 cells 
were inoculated on the glass slide. After fixation 
and blocking, the cells were stained with anti-
human CD133 mAb-PE, and incubated in the dark. 
The nuclei were stained with DAPI. Then, the cells 
were sealed and observed under a fluorescence 
microscope. As shown in Fig. 2, the U251-CD133 
cells expressing report gene green fluorescent 
protein and CD133 molecules were observed by 
fluorescence microscopy.

As shown in Fig. 2 (A, B, C), compared with the 
higher expression of CD133 mRNA on U251-mock, 
U251 cells and U251-CD133 cells [(7400.2±5003.4) 
vs (2.0±1.1), (1.0±2.2), P=0.0007), infected pEGZ-

Construction of CD133-transfected glioma cells
Total RNA was extracted from U251, U251-

mock and U251-CD133 cells, and the products were 
reversely transcribed to cDNA. Using the three 
cDNAs as templates, the target gene fragments of 
CD133 and β-actin were amplified, and β-actin was 
obtained by amplification using all the three cDNA 
as templates. Using cDNA from U251-CD133 cell 
line as the template, the fragment of expected size 
was obtained. But when using DNA from U251 
and U251-mock cells as templates, only a very 
light band was obtained by amplification. This is 
probably attributed to the extremely low expression 
of CD133 in the two cell lines. Based on Real-
Time PCR, the CD133-transfected cell line had 
an overexpression of CD133 mRNA. It was also 

 

Fig. 1. Double digestion verification of recombinant plasmid pEGZ-Term-CD133 (M: 
DL2000 DNA marker; 1: Full-length CD133; 2: Products of double digestion of 
recombinant plasmid pEGZ-Term-CD133 by BamH I and Smi I; 3: pEGZ-Term-CD133 
plasmid before digestion; 4: Products of double digestion of pEGZ-Term plasmid by 
BamH I and Smi I) 

 

 

 
Fig. 2. Determination of CD133 expressions on the surface of gene-transfected cells by 
immunohistochemistry (×100). A) U251 cell line was the template; B) U251-mock cell 
line was the template; C) U251-CD133 cell line was the template. 
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Fig. 2. Determination of CD133 expressions on the surface of gene-transfected cells by immunohistochemistry (×100). 
A) U251 cell line was the template; B) U251-mock cell line was the template; C) U251-CD133 cell line was the template.
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U251-mock cells (38 days) and the tumorigenesis 
rate was higher (100% vs 30%). At day 41, tumor 
volume increased significantly [(180.3±146.8) vs 
(4.0±0.0) mm3, P=0.003].

In order to further explore the role of CD133 
molecules in the occurrence and development of brain 
glioma, CD133 full-length gene was transfected into 
pEGZ-Term reverse transcription expression virus 
vectors, and 293T cells were co-transfected with the 

Term-CD133 had no effect on the proliferation 
of U251 cells in vitro (P>0.05). However, under 
serum-free neural stem cell culture, the number of 
nerve spheres formed by U251-CD133 cells was 
significantly higher than that of U251-mock and 
U251 cells [(34.0±7.5) vs (14.6±2.3), (11.5±1.3), P 
< 0.01]. When the inoculation volume was 1×105 
cells, the tumorigenesis time (32 days) of U251-
CD133 cells in nude mice was less than that of 

 

Fig. 3. Effects of CD133 on the migration ability of glioma cells (×40) 

 

 

 

 
Fig. 4. Effects of CD133 transfection on the growth of glioma in the presence of serum 
(×100). 
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unstable expressions of CD133 molecules after the 
selection of CD133+ cells from traditional tumor cell 
lines were overcome, laying a foundation for further 
study on the role of CD133 molecules in the growth 
characteristics, migration ability, tumorigenicity 
in vitro and in vivo, cytokine secretion and signal 
transduction of glioma cells.

Effects of CD133 on the migration ability of glioma cells 
Scratch assay is a simple and feasible test to 

detect the migration and invasion ability of tumor 
cells. In this study, the migration ability of U251, 
U251-mock and U251-CD133 cells was analyzed 

helper virus vector into the virus with intact package, 
which were then infected with glioma U251 cell line. 
After Zeocine pressurized screening, flow cytometry, 
Real Time PCR and cellular immunochemical 
detection, the gene transfected cell lines with stable 
expressions of human CD133 molecules were 
successfully constructed. Since CD133 gene was 
introduced into U251 cell line genome with reverse 
transcription virus expression vectors, CD133 
molecules could be expressed stably in the gene 
transfected cell line for a long time. After repeated 
cryopreservation and resuscitation, the molecule was 
stably expressed. Therefore, the disadvantages of 

 
Fig. 5. Effects of CD133 on the neurosphere-forming ability of glioma cells. **P<0.01, 
compared with U251 cells; ##P<0.01, compared with U251-mock cells.  

 

 

 
Fig. 6. Effects of CD133 on the oncogenicity of glioma cells. A) Tumor formation curve; 
B) Tumor growth curve.  
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cells was counted and the growth curve was drawn. All 
three cell lines adhered to the wall and the number of 
cells was similar at 24 h, 48 h and 72 h (Fig. 4), which 
indicated that the proliferative ability of the CD133-
transfected cells was not changed significantly. In 
other words, CD133 had no impact on the proliferative 
ability of glioma cells in the presence of serum. 

Effects of CD133 on neurosphere formation of 
glioma cells in the presence of serum 

CSC/TSC showed a neurosphere-like growth in 

by scratch assay. As shown in Fig. 3, all three cells 
migrated towards the scratch without significant 
difference. This indicated that CD133 had no impact 
on the migration ability of glioma cells.

Effects of CD133 on the proliferation of glioma cells 
in the presence of serum 

U251, U251-mock and U251-CD133 cells of good 
growth were resuspended in 10% FCS1640 medium 
and inoculated into 96-well plates (5×104 / well). At 
24 h, 48 h and 72 h, the number of all three types of 

Table I. Real-Time PCR detection of CSC/TSC-related genes in the gene-transfected cell lines. 

Cell line
Mean CT 

value of the 
target gene 

Mean CT 
value of 
internal 

reference

∆CT ∆∆CT 2-∆∆CT

Nanog

U251 28.28±0.17 11.61±0.18 16.67±0.13 0.00±0.11 1.00±0.12

U251-mock 27.81±0.22 10.93±0.23 16.88±0.22 0.12±0.22 0.95±0.24

U251-CD133 30.27±0.11 16.52±0.21 13.75±0.08 -2.81±0.08 7.32±0.33

KLF4

U251 30.57±0.15 14.56±0.34 16.01±0.12 0.00±0.13 1.00±0.16

U251-mock 29.59±0.26 15.11±0.11 14.48±0.24 -1.47±0.23 2.93±0.24

U251-CD133 32.81±0.14 20.58±0.12 12.23±0.18 -3.82±0.17 14.15±1.25

OCT4

U251 31.25±0.13 14.54±0.35 16.71±0.21 0.00±0.22 1.00±0.14

U251-mock 29.15±0.16 15.11±0.16 14.04±0.13 -2.65±0.17 6.45±0.73

U251-CD133 32.34±0.18 20.45±0.21 11.89±0.15 -5.08±0.22 35.12±3.07

STAT3

U251 22.72±0.07 14.58±0.31 8.14±0.13 0.00±0.06 1.00±0.21

U251-mock 21.58±0.08 15.11±0.11 6.47±0.05 -1.51±0.09 2.86±0.44

U251-CD133 26.66±0.03 20.57±0.14 6.09±0.08 -2.11±0.08 4.32±0.32

SOX2

U251 24.26±0.13 15.61±0.16 8.65±0.13 0.00±0.15 1.00±0.32

U251-mock 22.65±0.17 15.91±0.18 6.74±0.16 -1.88±0.17 3.81±0.46

U251-CD133 27.16±0.16 20.99±0.13 6.17±0.13 -2.41±0.15 5.26±0.44

IL-6

U251 26.69±0.23 15.61±0.31 11.08±0.15 0.00±0.23 1.00±0.09

U251-mock 26.61±0.15 15.95±0.35 10.66±0.11 -0.46±0.21 1.43±0.21

U251-CD133 28.88±0.22 20.97±0.15 7.91±0.16 -3.07±0.12 8.66±0.15

FoxD3

U251 29.72±0.17 11.81±0.31 17.91±0.11 0.00±0.04 1.00±0.12

U251-mock 31.15±0.36 10.88±0.14 20.27±0.31 2.42±0.05 0.20±0.11

U251-CD133 31.88±0.41 16.78±0.36 15.10±0.24 -2.65±0.41 6.81±1.65

LIN28

U251 31.33±0.36 11.83±0.16 19.50±0.41 0.00±0.34 1.00±0.34

U251-mock 30.46±0.21 10.95±0.18 19.51±0.17 0.15±0.12 0.97±0.33

U251-CD133 30.82±0.15 16.77±0.32 14.05±0.11 -5.42±0.11 45.82±1.43



362

that of U251-mock at the three doses was 5 day   s, 
25 days and 39 days, respectively. The tumor was 
formed earlier in the U251-CD133 3×105 and 1×105 
groups than in the U251-mock cells (Fig. 6A); (b) 
Tumor formation rates: The tumor formation rate 
was all 100% in the U251-CD133 1×106, 3×105 
and 1×105 groups; and that of U251-mock cells at 
the corresponding dose was 100%, 100% and 30%, 
respectively; the tumor formation rate in the U251-
mock 1×105 group was only 30%, which was much 
lower than that in the U251-CD133 1×105 group 
(Fig. 6A); (c) Tumor size: The U251-CD133 3×105 
group had a larger tumor size than the U251-mock 
group (P<0.05); and that of the U251-CD133 1×105 
group was significantly larger than that of the U251-
mock group (P<0.05) (Fig. 6B). 

Compared with the U251-mock (CD133−) cells, 
the U251-CD133 (CD133+) cells formed tumors 
earlier, with a higher tumor formation rate and larger 
tumor size. This trend was even more pronounced 
when fewer cells were inoculated. It was inferred 
that CD133 transfection significantly enhanced the 
in-vivo oncogenicity of glioma cells. 

DISCUSSION

Infiltrative growth is a salient feature of glioma 
cells (10). Our study showed that the migration 
ability of glioma cells was not affected by CD133, 
probably because the glioma is not prone to migrate 
to other tissues. Nor was the proliferation of glioma 
cells influenced by CD133, which is in agreement 
with the reports by Dong et al. (11) and Elsaba et 
al. (12). Beier et al. (13) separated the CD133+ and 
CD133− cells from the fresh glioma tissues. The 
CD133- cells adhered to the wall during growth 
in the neural stem cell culture medium without 
neurosphere formation; in contrast, the CD133+ cells 
had a neurosphere-like growth and could be passaged 
in the long term. CD133+ cells may be the origin for 
infinite proliferation of tumors. In the present study, 
U251-CD133 cells were inoculated into the serum-
free neural stem cell culture medium. Compared with 
the U251-mock cells, the U251-CD133 cells were 
able to form more typical and larger neurospheres 
with higher density and proliferative capacity. It was 

the stem cell culture medium. Therefore, the gene-
transfected cells were incubated in the neural stem 
cell culture medium. U251-CD133 cells always 
had a semi-adherent growth or suspension growth, 
forming larger and denser neurosphere-like clusters. 
The cells around the neurospheres were transparent 
with clear structures. The cells in the middle had 
a higher density, poor transparency and obscure 
contour. In the control group, some U251 and U251-
mock cells always adhered to the wall, forming fewer 
neurospheres with loose structures (Fig. 5). This 
indicated that CD133 could promote neurosphere 
formation of glioma cells as well as the growth of 
tumor cells in stem cell culture medium. 

Effects of CD133 on the upregulation of CSC/TSC-
related genes in glioma cells 

Tumor stem cells are very similar to normal 
stem cells, and some specific genes of stem cells 
are expressed in tumor stem cells to varying degree. 
To study the changes of the expression of stem cell-
related genes in glioma cell lines transfected with 
CD133 gene, Real Time PCR was used to detect 
the expression of stem cell-related genes Nanog, 
SOX2, KLF4, LIN28, IL-6, STAT3, FoxD3 and 
OCT4 in the three cell lines. As shown in Table I, 
compared with the other two cell lines, there was 
an upregulation of “stem cell”-related genes in 
U251-CD133 cells to varying degree. For example, 
Nanog was up-regulated about 7 times, KLF4 was 
up-regulated 14 times, and OCT4 was up-regulated 
about 35 times (p<0.01); STAT3 was upregulated 
about 4 times and SOX2 was upregulated about 5 
times, with significant difference (p<0.05). The 
results indicated that CD133 might be involved in 
the maintenance of undifferentiated status of glioma 
cells by upregulating the stem cell-related genes.

Growth of the transplanted tumor 
At day 5 after inoculation, visible tumors were 

formed in both U251-CD133 and U251-mock 1×106 
groups. The growth status was observed every 3 days 
after that, and the results were as follows: 

(a) Time of tumor formation: The time of tumor 
formation in U251-CD133 1×106, 3×105 and 1×105 
groups was 4 days, 22 days and 27 days, respectively; 
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culture medium, by upregulating the CSC/TSC-
related genes and enhancing the in-vivo oncogenicity 
of glioma cells in nude mice. 
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The incidence of type 2 diabetes mellitus 
(T2DM) is increasing yearly around the world, and 
its chronic complications gradually increase with 
the prolongation of  disease course (1-3). Strict 
glycemic control can prevent or delay the occurrence 
of chronic complications of diabetes (4). Measures 

of glycated hemoglobin (HbAlc) remain the gold 
standard for the long-term control of blood glucose 
in diabetic patients (5, 6). However, an increasing 
number of studies have shown that blood glucose 
fluctuations are also a non-negligible indicator of 
complications and prognosis for diabetic patients 

Key words: acarbose; sitagliptin; type 2 diabetes; blood glucose fluctuation; islet β cell function

The effects of acarbose and sitagliptin on blood glucose fluctuation and islet β-cell function in 
patients with type 2 diabetes mellitus (T2DM) were studied. One hundred and three patients with poorly 
controlled T2DM with insulin aspart 30 were selected and randomly divided into three groups: group 
A [continuous subcutaneous insulin infusion (CSII) treatment group], group B (CSII combined with 
acarbose treatment), group C (CSII combined with sitagliptin treatment). The treatment lasted for two 
weeks and the clinical indicators in the three groups were measured. The insulin dosage was adjusted 
according to the blood glucose statuses of the three groups of patients. In the final three days, 72 h of 
continuous glucose monitoring (CGM) were carried out, and the OGTT test was performed again. The 
results showed that the MODD (absolute means of daily difference), intra-day blood glucose fluctuation 
indices [(24 h MBG (mean blood glucose), LAGE (largest amplitude of glycemic excursions) and 
MAGE (average blood glucose fluctuation)] and postprandial blood glucose fluctuation indices [PGS 
(postprandial glucose spike), ∆t, PPGE (postprandial glucose excursion) and T (time) total] in group C 
and group B were significantly lower than those in group A. Compared with group B, the difference in 
blood glucose fluctuation indices in group C was not statistically significant (P>0.05). The HOMA-islet 
(homeostasis model assessment of islet) (CP-DM) index and FC-P (Fasting c-peptide) levels in group 
C and group B were significantly higher than those in group A (P<0.01). The HOMA-IR (CP) index 
of  groups B and C was significantly lower than that of group A (P<0.01), and there was no statistically 
significant difference between groups B and C (P>0.05). Sitagliptin combined with intensive insulin 
pump therapy can reduce blood glucose fluctuation throughout the day, reduce insulin dosage, improve 
islet B cell function and reduce hypoglycemia better than intensive insulin pump therapy alone.
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used in the month prior to subject selection. Blood 
glucose control must have been undertaken through  
diet, exercise therapy and subcutaneous insulin 
injection (insulin aspart 30, injection 2 or more 
times) with a stable dosage for more than 6 months, 
and a fasting plasma glucose (FPG) value between 
7.5~16.0mmol/L or HbAlc 7.0%~10%. Selected 
patients did not participate in any drug trials within 
the first three months of the trial.

Exclusion criteria: type 1 diabetes; gestational 
diabetes and diabetes with pregnancy; disease 
stress state; patients with other endocrine diseases 
and mental illness such as depression; serious 
complications; poor compliance.

Screening period
All patients underwent a two-week screening period 

and discontinued medications that affect blood glucose 
fluctuations. All subjects were given a daily calorie 
supply as appropriate. Body weight was measured 
weekly to keep the weight unchanged. The patients 
were hospitalized at the end of screening period.

Groups
A total of 103 subjects were randomly divided 

into three groups: a simple continuous subcutaneous 
insulin injection group (group A); an acarbose 
combined with CSII group (group B); and a sitagliptin 
combined with CSII group (group C).

Group A (34 subjects): T2DM patients only 
underwent continuous subcutaneous insulin aspart 
injection (Insulin Aspart 30 Injection [NovoMix 
30], Denmark Novo Nordisk A/S), adjusting the 
basic amount and pre-three-meal insulin dosage; 
Group B (32 subjects): T2DM patients underwent 
continuous subcutaneous insulin aspart injection 
in addition to taking acarbose [Acarbose Tablets 
[Glucobay], Bayer Vital GmbH, Germany], 50 mg 
orally three times per day with meals; Group C (37 
subjects): T2DM patients underwent continuous 
subcutaneous insulin injection in addition to taking 
sitagliptin phosphate tablets [JANUVIA], Merck 
Sharp &amp; Dohme Pty Ltd, Italy, 100 μg orally 
three times per day.

At the time of enrollment, the ages, duration, and 
severities of the three patient groups were similar.

(7-9). Therefore, even if the overall blood glucose 
control in T2DM patients is ideal, effective measures 
should be taken to reduce blood glucose fluctuations 
(10). This requires considering a reduction of 
the risk of postprandial blood glucose drift and 
hypoglycemia in the choice of therapeutic drugs 
(11, 12). Traditional anti-diabetic drugs have varied 
limitations, such as weight gain, hypoglycemia and 
even gastrointestinal reactions. They also differ in 
reducing blood sugar fluctuations (13-15). Sitagliptin 
acts as a glucose-dependent insulin to control blood 
sugar and represents a new class of drugs for the 
treatment of T2DM. Sitagliptin has been shown to 
play a role in the regulation of α and β cytokines. It 
has the advantage of rarely causing adverse reactions, 
such as hypoglycemia and weight gain (16, 17). As 
a traditional oral hypoglycemic agent, acarbose has 
characteristics which include an exact curative effect, 
fewer side effects and decreased hypoglycemia (18). 
Therefore, this study seeks to explore the effects, 
efficacy and safety of acarbose and sitagliptin on 
blood glucose variability in insulin-treated T2DM 
patients, and to thus provide a new basis for clinical 
treatment decisions.

MATERIALS AND METHODS

Patients 
One hundred and three patients who were treated 

at Jiamusi Central Hospital of Heilongjiang Province 
from October 2016 to May 2018 were selected. All 
patients were previously diagnosed with T2DM and 
exhibited poor insulin control. All procedures were 
approved by the Ethics Committee of Jiamusi Central 
Hospital of Heilongjiang Province. Participants 
provided written informed consent prior to the study.

Inclusion criteria: conformance with the 1999 
WHO diagnostic criteria for T2DM (19): Symptoms 
of diabetes + plasma glucose ≥ 11.1 mmol/L (200 
mg/dl), or fasting blood glucose ≥ 7.0 mmol/L (126 
mg/dl), or (oral glucose tolerance test, OGTT) 2 h 
blood glucose ≥ 11.1 mmol/L (200 mg/dl). The above 
steps need to be repeated once for the diagnosis to 
be established. 19kg/m2≤BMI≤35kg/m2; age 20-70 
years. No oral hypoglycemic agents, antidepressants, 
salicylic acid preparations or other drugs were 
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3:00. Before each evening meal, the basal rate of 
the insulin pump was adjusted once to bring the 
blood glucose in line with the standard as quickly 
as possible (fasting: 3.9~7.0 mmol/L; blood glucose 
after eating (2h PG): 3.9~10.0 mmol/L).

Dynamic blood glucose monitoring system: On 
the 11th day of the experiment, the patients wore 
a dynamic blood glucose monitor (East Instrument 
Technology Co., Ltd., China) for 72 h CGMS 
(Continuous Glucose Monitoring System). During 
this period, fingertip blood glucose before and after 
the three meals and before bedtime was corrected, 
while significant events, such as diet, exercise, 
treatment, and hypoglycemia, were also documented. 
On the 14th day, the probe was removed in the 
morning, and the data was extracted for processing.

After 2 weeks, CGMS was used to observe blood 
glucose control, daily insulin  dose, hypoglycemia 
rates, blood glucose compliance rates, 8 average 
daily blood glucose profiles and blood glucose 
fluctuations. At the same time, the biochemical 
indicators of the three groups of patients were 
reviewed, the OGTT test was repeated, and measures 
of the above indicators were repeated.

Blood glucose assessment
Daytime blood glucose variation: MODD (Mean 

of Daily Differences) represents the mean value of 
the absolute difference of blood sugar between 2 
consecutive days of blood profile at the same time 
point. The study selected the data from the last 2 
days of CGMS treatment, evaluated the MODD 
after treatment, and calculated the MODD value.

Blood glucose fluctuations during the day: 24 
hMBG represents the average of 288 measurements 
made during the CGMS 24-h monitoring period. 
LAGE is the difference between the maximum 
and minimum blood glucose values during the 
CGMS 24-h monitoring period. MAGE is currently 
the “gold standard” for assessing  intraday blood 
glucose fluctuations. According to the blood glucose 
fluctuations of all amplitudes ≤1SD, the patients’ 
24-h drift amplitudes (AGE) were calculated; drift 
amplitude was calculated from the drift peak to 
the valley value. MAGE is the average value of all 
blood glucose drift amplitudes. In this study, the 

Collection and detection of specimens
All patients discontinued subcutaneous injection 

of insulin aspart 30 on the day of admission, and 
each patient then fasted for 8-12 h. On an empty 
stomach, at 6:00-8:00 in the morning of the second 
day, blood was taken from the elbow vein to measure 
FPG, CP, INS (Insulin), HbAlc, liver and kidney 
function, blood lipid composition, inflammatory 
markers (hs-CRP). Then, the OGTT test was carried 
out (82.59 g glucose powder was dissolved in 250-
300 ml water, and the patients drank it off in 5 min), 
and blood sugar was measured after 120 min (2-h 
postprandial plasma glucose, i.e. 2h PG). INS and 
C-P specimens were detected by radioimmunoassay 
in the isotope chamber, and the remaining blood 
specimens were independently completed by the 
hospital biochemical laboratory.

Treatment methods
The three groups of patients were then treated 

with CSII for two weeks. The amount of insulin was 
adjusted according to the blood sugar condition, so 
that the blood sugar could reach the standard as much 
as possible: fasting 3.9~7.0 mmol/L, postprandial 
blood glucose (2-h postprandial plasma glucose, i.e. 
2h PG) 3.9~10.0 mmol/L. In addition, group B was 
given acarbose 50 mg/time for chewing three times 
a day. Group C received 100 mg of Sigliptin orally 
once a day after meals. Seventy-two hours of CGM 
was performed in the final 3 days. Insulin adjustment 
program: the patient’s body weight (kg) multiplied 
by 0.4~0.8U body weight (kg) × 0.4~0.8U is the 
total amount for the whole day; 50% of the total 
amount was put into the base amount, and 50% was 
put as the load before the three meals. The insulin 
base was divided into six periods (0:00~3:00, 
3:00~7:00, 7:00~12:00, 12:00~17:00, 17:00~22:00, 
22:00~0:00) by the insulin pump (TOP, Japan) for 
continuous administration to the patient. The dosage 
of the meal was adjusted according to the insulin 
sensitivity coefficient 1800 rule, i.e., the insulin 
sensitivity coefficient (mmol/L) = 1800/(total 
insulin total × 18). All patients were monitored for 
blood glucose at eight time points: before breakfast, 
after breakfast, before lunch, after lunch, before 
dinner, after dinner, before bedtime and at night at 
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RESULTS

General clinical characteristics statistics
As shown in the data in Table I, there were no 

significant differences in age, gender, duration of 
disease, BMI, HbAlc, SBP, or DBP among the 
three groups (P>0.05). There were no significant 
differences in biochemical parameters: TG, LDL-C, 
FPG, 2hPG, hs-CRP, FC-P, HOMA-IR (CP) and 
HOMA-islet (CP-DM) (P>0.05).

Statistics of biochemical indicators 
Table II shows that FPG, 2hPG, TG, and hs-CRP 

after treatment in group A were significantly lower 
than those before treatment (P<0.05). FC-P and 
HOMA-islet (CP-DM) were significantly higher 
than before treatment (P<0.05). HOMA-IR (C-
P) and LdL-C decreased after treatment (P>0.05). 
There was no significant change before and after 
HDL-C treatment (P>0.05). FPG, 2hPG, TG, 
LDL-C, hs-CRP and Homa-IR (C-P) in group B 
were significantly lower than those before treatment 
(P<0.05). FC-P and Homa-islet (CP-DM) were 
significantly higher than before treatment (P<0.05). 
There was no significant difference before and after 
HDL-C treatment (P>0.05). The FPG, 2hPG, TG, 
LDL-C, hs-CRP and Homa-IR (C-P) in group C 
were significantly lower than those before treatment 
(P<0.05). FC-P and Homa-islet (CP-DM) were 
significantly higher than before treatment (P<0.05). 
There was no significant difference before and after 
HDL-C treatment (P>0.05).

Comparison of blood lipids and hs-CRP before and 
after treatment 

The TG of groups A, B and C decreased, and 
the decrease of TG in group C and group B was 
significantly higher than that in group A (P<0.05). 
The LdL-C of group A, group B and group C 
decreased, and the decrease of LdL-C in group 
C was significantly higher than that in group A 
(P<0.05). There were no significant differences in 
the efficacy of the three groups in regulating HdL-C 
and hs-CRP (P>0.05). Comparison of differences 
between groups before and after treatment is shown 
in Table III.

blood glucose level monitored for the last 24 hours 
was selected as the observation index.

Blood sugar fluctuations after meals: PGS 
represents the highest value of postprandial blood 
glucose during CGMS monitoring. Δt is the time 
after the postprandial blood glucose drifts to a 
peak. PPGE is the difference between the peak 
postprandial blood glucose and the blood glucose 
immediately before the meal. Total T represents 
the total time of blood glucose drift after meals 
in the day. (upper limit: 11.1 mmol/L low limit: 
3.9 mmol/1)

Risk of hypoglycemia: hypoglycemia (final 
blood glucose below 3.9 mmol/L) during treatment 
is considered a hypoglycemic event.

Indicator calculations
The incidence of hypoglycemia (%) = (the 

number of occurrences of MBG ≤ 3.9 mmol/L)/the 
total number of experimental subjects; Blood glucose 
compliance rate (%) = number of patients with blood 
glucose compliance/total number of experimental 
groups; BMI = weight/height (kg/m2); Mean change 
in each metabolic parameter (∆) = post-treatment 
level - baseline level; Insulin resistance and islet β 
cell function: HOMA-IR (CP) = 1.5 + FPG (mmol/L) 
× fasting C-P (pmol/L)/2800; HOMA-islet (CP-DM) 
= 0.27 x fasting C-P/(FPG-3.5).

Statistical analysis
The data measured in this study were 

analyzed using SPSS 22.0 statistical software. 
Data conforming to  normal distribution were 
represented by mean value ± standard deviation 
(x ± s) and in cases where data did not conform 
to a normal distribution, the natural logarithm was 
converted into a normal distribution and analyzed, 
including HOMA-IR (CP), HOMA-islet (CP-
DM), LAGE, MAGE. The paired t-test was used 
before and after treatment of measurement data. 
The difference between groups was analyzed by 
the independent sample t-test. The comparison of 
multiple groups was analyzed by one-way ANOVA. 
The comparison of the rank data of the counts was 
performed by the rank sum test and the c2 test. P < 
0.05 was considered statistically significant.
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Table I. Comparison of the general situation and main biochemical indicators of the three groups before intervention.
Category Group A Group B Group C P value
Gender (M/F) 14/20 15/17 17/20 0.72
Age 52.33±10.11 55.12±9.53 55.43±10.93 0.34
HbAlc (%) 8.45±2.03 8.68±2.13 8.03±1.84 0.28
Course of disease (year) 6.58±5.83 6.69±4.96 6.14±5.77 0.21
BMI (kg/m2) 23.67±7.12 24.12±4.56 24.76±6.77 0.38
SBP (mmHg) 118.35±28.13 119.76±28.54 117.58±20.16 0.22
DBP (mmHg) 69.58±16.22 70.15±24.35 69.64±15.65 0.66
FPG (mmol/L) 11.44±7.34 10.76±7.71 11.81±9.14 0.61
2hPG (mmol/L) 16.54±7.76 16.58±9.22 16.89±6.56 0.76
TG (mmol/L) 3.86±0.89 3.91±0.74 3.87±0.79 0.85
LDL-C (mmol/L) 3.32±0.96 3.36±0.87 3.28±0.56 0.91
HDL-C (mmol/L) 1.31±0.35 1.32±0.23 1.29±0.25 0.82
FC-P (pmol/L) 323.46±160.73 326.32±153.62 323.48±119.14 0.66
HOMA-IR(CP) 2.97±0.64 2.95±0.56 3.08±0.65 0.54
HOMA-islet (CP-DM) 16.69±2.75 16.58±2.73 17.04±2.62 0.56
Hs-CRP (mg/dL) 1.84±0.33 1.82±0.19 1.88±0.39 0.91

M: male; F: female; TG: triglyceride; LDL-C: low density lipoprotein cholesterol; HDL-C: high-level data link control; 
SBP: systolic blood pressure; DBP: diastolic blood pressure

Table II. Comparison of biochemical indicators before and after treatment in each group.
Group Category Before treatment After treatment P value

A

FPG(mmol/L) 11.44±7.34 6.45±1.15* <0.001
2hPG(mmol/L) 16.54±7.76 9.122±2.31* <0.001
TG(mmol/L) 3.86±0.89 3.51±0.64* 0.03

LDL-C(mmol/L) 3.32±0.96 2.88±0.62 0.05
HDL-C(mmol/L) 1.31±0.35 1.27±0.16 0.33

FC-P(pmol/L) 323.46±160.73 381.21±214.65* <0.001
Homa-IR(CP) 2.97±0.64 2.68±0.48 0.12

Homa-islet(CP-DM) 16.69±2.75 26.28±11.45* <0.001
Hs-CRP(mg/dL) 1.84±0.33 1.60±0.41* 0.04

B

FPG(mmol/L) 10.76±7.71 5.65±1.12* <0.001
2hPG(mmol/L) 16.58±9.22 7.82±2.04* <0.001
TG(mmol/L) 3.91±0.74 3.35±0.53* 0.003

LDL-C(mmol/L) 3.36±0.87 2.77±0.68* 0.04
HDL-C(mmol/L) 1.32±0.23 1.39±0.36 0.43

FC-P(pmol/L) 326.32±153.62 387.37±172.86* <0.001
Homa-IR(CP) 2.95±0.56 2.46±0.43* 0.003

Homa-islet(CP-DM) 16.58±2.73 28.13±15.16* <0.001
Hs-CRP(mg/dL) 1.82±0.19 1.56±0.27* 0.01

C

FPG(mmol/L) 11.81±9.14 5.81±0.93* <0.001
2hPG(mmol/L) 16.89±6.56 7.72±2.05* <0.001
TG(mmol/L) 3.87±0.79 3.31±0.63* 0.008

LDL-C(mmol/L) 3.28±0.56 2.96±0.75* 0.04
HDL-C(mmol/L) 1.29±0.25 1.47±0.23 0.08

FC-P(pmol/L) 323.48±119.14 391.34±201.63* <0.001
Homa-IR(CP) 3.08±0.65 2.549±0.52* <0.001

Homa-islet(CP-DM) 17.04±2.62 28.62±10.63* <0.001
Hs-CRP(mg/dL) 1.88±0.39 1.43±0.27* 0.005

*P<0.05 in comparison of before- and after-treatment values.
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Comparison of blood glucose control and insulin 
dosage after treatment

The FPG and blood glucose levels 2 h after meals 
were significantly lower in group B and group C after 
2 weeks of treatment (P<0.05). Group C was not 
inferior to group B in terms of blood glucose control 
(P>0.05). In addition, the three groups of initial 
insulin levels were approximately the same. After 2 
weeks of treatment in the three groups, it was found 
that the total amount of insulin used in group B and 
group C was significantly lower than that in group A 
(P<0.05). The difference between group B and group 
C was not significant (P>0.05). Comparison of blood 
glucose control and insulin dosage in three groups 
after treatment is shown in Fig. 1.

Comparison of islet β-cell function related indexes 
before and after treatment 

In terms of insulin resistance, the HOMA-IR (CP) 
index of the three groups decreased. Group B and C 
were significantly higher than group A (P<0.01), but 
there was no significant difference between group C 
and group B (P>0.05). In terms of islet β cell secretory 
function, the HOMA-islet (CP-DM) index and FC-P 
level of the three groups were elevated. The HOMA-
islet (CP-DM) index and FC-P level in group B and 
group C were significantly higher than those in group 
A (P<0.01). There was no statistical difference between 
the elevated levels of HOMA-islet (CP-DM) and FC-P 
in group C (P>0.05). Comparison of islet function in 
the three groups after treatment is shown in Table IV.

Table III. Comparison of biochemical indicators before and after treatment in group B.

Category Before treatment After treatment P value

FPG (mmol/L) 10.76±7.71 5.65±1.12* <0.001

2hPG (mmol/L) 16.58±9.22 7.82±2.04* <0.001

TG (mmol/L) 3.91±0.74 3.35±0.53* 0.003

LDL-C (mmol/L) 3.36±0.87 2.77±0.68* 0.04

HDL-C (mmol/L) 1.32±0.23 1.39±0.36 0.43

FC-P (pmol/L) 326.32±153.62 387.37±172.86* <0.001

HOMA-IR (CP) 2.95±0.56 2.46±0.43* 0.003

HOMA-islet (CP-DM) 16.58±2.73 28.13±15.16* <0.001

Hs-CRP (mg/dL) 1.82±0.19 1.56±0.27* 0.01
*P<0.05 compared with before and after treatment.

Table IV. Comparison of hypoglycemia rate and blood glucose compliance rate in the three groups after treatment.

Category Group A Group B Group C P value

Hypoglycemia rate 15.2% 3.9% 0%* 0.07

Blood glucose compliance rate 69.8% 84.9% 92.3%* 0.08

Groups B and C are compared with group A, *P < 0.05.
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compliance and hypoglycemia between group B and 
group C (P>0.05). Comparison of hypoglycemia rate 
and blood glucose compliance rate between the two 
groups after treatment is shown in Fig. 2.

Comparison of CGMS indicators 
Blood glucose fluctuations in daytime and intraday: 

Comparison of hypoglycemia rate and blood glucose 
compliance rate after treatment

The blood glucose compliance rate of group 
C was significantly better than that of group A 
(P<0.05), and the incidence of hypoglycemia was 
lower than that of group A (P<0.05). There was no 
significant difference in the rate of blood glucose 

 

Table IV. Comparison of hypoglycemia rate and blood glucose compliance rate in the 
three groups after treatment. 
Category Group A Group B Group C P value 
Hypoglycemia rate 15.2% 3.9% 0%* 0.07 
Blood glucose 
compliance rate 

69.8% 84.9% 92.3%* 0.08 

Groups B and C are compared with group A, *P < 0.05. 
 

 

 
Fig. 1. Comparison of blood glucose control and insulin dosage in the three groups 
after treatment (Groups B and C compared with group A, *P<0.05) 

 

 

 

 
Fig. 2. Comparison of hypoglycemia rate and blood glucose compliance rate between 
the three groups after treatment (Groups B and C are compared with group A, 
*P<0.05) 

 

 
Fig. 3. Indicators of blood glucose fluctuations during daytime, intraday, and after 
meal by CGMS in the three groups after treatment (Groups B and C are compared 
with group A, *P<0.05) 

 

Fig. 1. Comparison of blood glucose control and insulin dosage in the three groups after treatment (Groups B and C 
compared with group A, *P<0.05)

Fig. 2. Comparison of hypoglycemia rate and blood glucose compliance rate between the three groups after treatment 
(Groups B and C are compared with group A, *P<0.05)



372

B and group C were significantly lower than those 
in group A (P<0.001). There was no significant 
difference between group B and group C (P>0.05). 
Indicators of blood glucose fluctuations during 
daytime, intraday, and after meal by CGMS in the 
three groups after treatment is shown in Fig. 3.

Comparison of blood glucose profiles after treatment
After treatment, the blood glucose levels of 

After 2 weeks of treatment, the 24-h MBG, LAGE 
and MAGE of groups B and C were significantly 
lower than group A (P<0.01). There was no significant 
difference between group B and group C (P>0.05).

Blood glucose fluctuations after meals: After 2 
weeks of treatment, the total PGS, PPGE, ∆t (Group 
A: 68.44±25.35; Group B: 58.53±20.43; Group C: 
57.37±21.37) and T (Group A: 189.34±21.28; Group 
B: 169.17±19.96; Group C: 170.02±20.38) in group 

 
Fig. 2. Comparison of hypoglycemia rate and blood glucose compliance rate between 
the three groups after treatment (Groups B and C are compared with group A, 
*P<0.05) 

 

 
Fig. 3. Indicators of blood glucose fluctuations during daytime, intraday, and after 
meal by CGMS in the three groups after treatment (Groups B and C are compared 
with group A, *P<0.05) 

 

 

Fig. 4. Comparison of blood glucose profiles in the three groups after treatment. 

 

Fig. 3. Indicators of blood glucose fluctuations during daytime, intraday, and after meal by CGMS in the three groups 
after treatment (Groups B and C are compared with group A, *P<0.05).

Fig. 4. Comparison of blood glucose profiles in the three groups after treatment
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Cerebrovascular diseases (1) are caused by the 
abnormal growth of cerebral blood vessels, which 
directly lead to the dysfunction of brain function. 
Recently, the incidence of cerebrovascular 
diseases is on the rise, due to the acceleration in 
population aging, and the average age of these 
patients is becoming younger. As a major type of 
cerebrovascular diseases, ischemic cerebrovascular 
disease (2) is caused by a short pause in brain activity 
resulting in serious damage to the blood supply of 
the brain tissue. Among all brain components, the 
cerebral cortex has a larger blood flow and therefore 

is more sensitive to ischemia and hypoxia.
Cerebrovascular endothelial cells (3) play an 

important role in maintaining the homeostasis 
of the vascular system. Fang et al. (4) confirmed 
that endothelial cells can promote the excessive 
hyperplasia of vascular intima and lead to arterial 
endothelial cell injury, which in turn can lead to 
platelet aggregation (5), blood vessel thrombosis, 
inflammatory reactions, infiltration of smooth muscle 
cells into the intima, and excessive proliferation of 
vascular endothelial cells. The studies of Heiss et 
al. have confirmed (6) that damage to endothelial 

Key words: IFI35; NF-κB signaling pathway; endothelial cells; angiogenesis; inhibition

This study was aimed to investigate whether interferon (IFN)-induced protein 35 (IFI35) affects the 
signaling pathway of nuclear factor-kappa B (NF-κB) and to observe the effect of different expressions of 
IFI35 on the proliferation of endothelial cells and angiogenesis in rats with acute cerebral infarction. A suture 
method was adopted to prepare a mouse model of permanent middle cerebral artery occlusion (PMCAO). 
After the treatment of cerebral artery occlusion in 200 healthy male mice (weighting 20g-40g), 47 mice were 
selected and the double luciferase assay was used to identify different structural domains of IFI35; for the 
remaining 153 mice, RT-PCR and immunohistochemical assays were used to detect the mRNA expression 
of glioma-associated oncogene homolog 1 (Gli1), vascular endothelial growth factor (VEGF), basic fibroblast 
growth factor (bFGF), and CD105 (endoglin). The results showed that IFI35 could reduce the level of p65 
protein (REL-A) in the nucleus while affecting the production of p-p65 in the cytoplasm. At the same time, 
IFI35 could be used in combination with a NID1 protein domain + Nmi protein to inhibit the signaling 
pathway of NF-κB. Expressions of Gli1, VEGF, bFGF, and CD105 in the IFI35 treatment group were all 
significantly reduced (P<0.05). In conclusion, IFI35 could suppress the activation of the NF-κB signaling 
pathway, reduce the proliferating potential of vascular endothelial cells, and lower the expression of vascular 
growth factors, thereby inhibiting angiogenesis in mice with acute cerebral infarction.
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MATERIALS AND METHODS

Animals
Two hundred healthy male BALB/c mice (weight, 

20-40g; age, 15 weeks) were selected and housed in a 
ventilated environment with sufficient food and water. All 
mice were fasted for 10-12 h before surgery. The feeding 
conditions of mice were as follows: room temperature 
19-24°C, noise less than 60 dB, humidity 50%-60%, 
illumination 12 h/d, autoclave sterilization of feed and 
cushion, and strictly-pasteurized drinking water. All mice 
were provided by the laboratory animal center of our 
college and all mice experiments were approved by the 
medical ethics committee of The Third Affiliated Hospital 
of Qiqihar Medical University.

The external carotid artery (ECA) and its branches were 
blocked without exposing the pterygopalatine artery (PPA). 
The extracranial blood supply was cut off, and the internal 
carotid artery (ICA) was obstructed by suspending braided 
thread and clamping the artery. Finally, ECA was inserted 
by the embolism line, which leads to cerebral artery 
occlusion in mice. After weighing, mice were anesthetized 
by intraperitoneal injection of 12% chloral hydrate at 
a dose of 0.4ml/85g. Forty-seven mice were randomly 
selected, and the head skin was cut open to quickly extract 
endothelial cells from cerebral artery vessels. The effect of 
IFI35 on the proliferation of vascular endothelial cells was 
investigated by inhibiting the NF-κB signaling pathway 
with different protein domains of IFI35. The other 153 
mice were randomly divided into sham operation group, 
cerebral infarction model group and IFI35 treatment group, 
with 51 mice in each group. The mice in various groups 
were subjected to different periods of ischemia, namely 
8 h, 24 h and 48 h, respectively. Among these mice, the 
mice in the IFI35 treatment group received an injection 
of 0.16mg/kg IFI35 into the cerebral artery at the time of 
ischemia, while the same dose of solvent was injected into 
the mice of the sham operation and model groups. The 
mRNA expression of Gli1, VEGF, bFGF and CD105 in 
cerebral ischemic cortex was then detected by RT-PCR and 
immunohistochemical assays.

Model setting of experimental mice
The mice were then fixed on the operating table and a 

2 cm incision was opened in the middle of the neck under 
conventional conditions to isolate various glands, muscles, 

cells induced the release of a large number of active 
transcription factor nuclear factor-kappa B (NF-κB) 
from microglia and I-kappa B protein from neurons. 
The binding of active NF-κB and the target gene 
locus on DNA can induce the activation of tumor 
necrosis factor (TNF-α) and the proliferation of 
immune inflammatory cells, microglia and astrocytes, 
and promote recruitment of white blood cells to the 
nervous system, which can initiate inflammatory 
cascade reaction, further enhancing brain damage. 
Therefore, inhibiting the signal pathway of NF-κB 
can reduce the brain damage caused by endothelial 
cell injury.

According to Kiefel et al.’s report (7), the 
expression of molecules involved in the NF-κB 
signaling pathway is increased after cerebral ischemia, 
suggesting that NF-κB signal is activated in ischemic 
brain tissues after cerebral infarction. Using ischemic 
models, including myocardial ischemia models and 
arterial ischemia models, Li et al. confirmed (8) that the 
NF-κB signaling pathway can promote the formation 
of blood vessels, while the use of exogenous solvents 
can promote the conduction of NF-κB signal, thus 
promoting the proliferation of vascular endothelial 
cells and accelerating the regeneration of blood 
vessels (9). In fact, many growth factors and cytokines, 
including Gli1 (10), VEGF (vascular endothelial 
growth factor) (11), bFGF (b fibroblast growth factor) 
(12) and CD105 (13), are involved in the process of 
blood vessel regeneration. As an interference protein 
(14) which can reduce the incidence of inflammatory 
reactions upon viral infection (15), IFI35 can alleviate 
rheumatoid arthritis (16, 17), Sezary syndrome (18) 
and appendicitis (19) by reducing inflammatory 
reactions and enhancing the immunity of patients. 
It is confirmed that IFI35 plays an important role in 
antivirus-related immune inflammation. Meanwhile, 
immune inflammation plays an important role in 
endothelial cell proliferation and angiogenesis 
after vascular endothelial cell injury. Therefore, it 
is hypothesized that IFI35 may participate in cell 
proliferation and angiogenesis after endothelial cell 
injury. In order to verify the hypothesis, the effect of 
IFI35 expression on the proliferation of endothelial 
cells and angiogenesis was studied in mice with acute 
cerebral infarction in this study. 
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carrying si-RNA for 48 h, digested by trypsin, centrifuged 
and resuspended in a complete culture medium (DMEM, 
Gibco, USA) to obtain a single-cell suspension. Then, 
CER I and CER II solutions were added into the single-
cell suspension, incubated on a high-speed shaker for 
10 s and placed on ice for 2 min before the mixture was 
centrifuged at 16000 g to obtain cytoplasmic protein. 
Another part of the single-cell suspension was incubated 
with a NER solution on a high-speed shaker at 4°C for 30 
min and then centrifuged to obtain nuclear protein.

Construction of an IFI35 plasmid and a corresponding 
mutant with deletions

Using the pCMV-C-His plasmid as a template, an 
IFI35 plasmid (Santa Cruz, USA) was constructed with 
homologous recombination and a ClonExpress II One Step 
Cloning Kit Enzymes Hind III and Xho I were used for 
restriction digestion and a pCMV-C-His vector (Abcam, 
USA) was linearized in the next step of recombination 
reaction. Then, the purified IFI35 plasmid was cloned 
into the pCMV-C-His plasmid using homologous 
recombination to create a pCMV-C-IFI35 plasmid, which 
was used as the template for structural deletion of IFI35. 
Homologous recombinant primers were designed for the 
region of deletion, while plasmid sequences were amplified 
with PCR, followed by homologous recombination to 
obtain the complete plasmid.

Cell growth analysis and double luciferase assay
A “blood/tissue/cell genome extraction kit” produced 

by Tiangen Biotech Co., Ltd. was used for DNA extraction 
from cells. A dual Luciferase reporter plasmid was 
constructed using a pGL3-Basic plasmid as the blank vector 
and a pGL-Control plasmid as the control vector. A Dual-
Luciferase Reporter Assay kit was used for the detection of 
luciferase activity following the instruction of the kit.

Determination of Gli1 mRNA expressions in the occlusion 
cerebral cortex of mice using RT-PCR

PCR (Transgene, USA) amplification was carried out 
for Gli-1 and GLYPD mRNA (glyceraldehyde-3-phosphate 
dehydrogenase, Proteintech, USA). In brief, 10 μl of RNA 
samples were mixed in 2 ml of Diethylpyrocarbonate (DEPC) 
water before the absorbance value of the solution was used to 
calculate the concentration of isolated RNA. Subsequently, 
10 μl of RNA samples were mixed with 2 μl of Anchored 

aponeurosis, vagus nerves and left common carotid arteries 
(CCAs). In the bifurcation of the left carotid artery, the 
interior carotid artery (ICA) and the exterior carotid artery 
(ECA), the main artery of the left external carotid artery 
was isolated. Subsequently, both ends of each artery were 
clamped with arteriole clamps, while the separated left main 
artery was clamped with an arteriole clamp and bandaged. 
A small incision was then made using a small scalpel at the 
bifurcation of the common carotid artery and about 2 mm 
away from the heart, and a bolted fishing line was inserted 
into the incision to connect the common carotid artery with 
the internal carotid artery. The distal end of the fishing line 
was about 16 mm away from the total bifurcation of the 
neck. After reaching an obstacle, the fishing line was inserted 
into the left cerebral aorta of the mice before the incision was 
sutured. In the experiment to analyze the effect of IFI35 on 
neovascularization, the mice in the model and IFI35 groups 
were subjected to the same procedure described above. For 
mice in the sham operation group, the same procedure was 
also used except that their blood vessels were separated 
without inserting the bolted fishing line.

Fluorescence staining of immune cells
Endothelial cells were collected and infected with an 

adenovirus vector carrying siRNA. After 48 h of culture, 
a single cell suspension was obtained by trypsinization, 
centrifugation and resuspension. Subsequently, the single 
cell suspension was washed by phosphate buffered saline 
(PBS), fixed in 5 ml of 5% paraformaldehyde for 1 h, 
blocked for 1 h with a mixture of 500 μl of Triton-X100 
solution (Sigma, Germany) and 500 μl of bovine serum 
albumin (BSA) solution (Shanghai Biotech Co., Ltd.), and 
then stained with 200 μl of 1% p65 antibody solution (CST, 
USA) at 4°C for 24 h. After PBS washing, the samples were 
stained with a 0.5% goat anti-rabbit fluorescence antibody 
solution in a 37℃ and 5% CO2 cell culture incubator 
(Thermo Scientific, USA). Finally, the samples were 
washed by a Tris Buffered Saline Tween (TBST) solution 
(Shanghai Biotech Co., Ltd., China), stained with 200 μl 
of DAPI (4’,6-diamidino-2-phenylindole) staining solution 
(Gibco, USA) in the dark for 15 min, and evaluated with 
fluorescence quantitative PCR (ABI, USA).

Extraction of nucleoprotein and cytoplasmic protein of 
endothelial cells 

Endothelial cells were infected by an adenovirus vector 
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placed under a microscope (Olympus, Japan) for analysis 
of integrated option density (IOD).

Statistical analysis
SPSS17.0 statistical software was used for data 

analysis. The experimental data were expressed as x±s. 
One-Way ANOVA was used for data comparison among 
different groups. P<0.05 indicated that the difference was 
statistically significant.

RESULTS

Inhibition of the NF-kB signaling pathway by IFI35
An Ov-IFI35 adenovirus vector overexpressing 

IFI, an Ovad control adenovirus vector, an 
adenovirus vector carrying IFI35 si-RNA (si-IFI35), 
and an adenovirus vector carrying control si-RNA 
(si-Co) were used in this study. P65 is an important 
transcription factor of the NF-κB signaling pathway. 
In Fig. 1(A), p65 was expressed in both the nucleus 
and cytoplasm. Overexpression of IFI35 in vascular 
endothelial cells inhibited the translocation of 
p65 into the nucleus, and the inhibition of IFI35 
promoted the translocation. Therefore, to clarify 

Oligo, an ES Reaction Mix, an EasyScript RT/RI Enzyme 
Mix, and 20 μl of DEPC water for reverse transcription to 
amplify mRNA of Gli-1 and GLYPD. Finally, the RT-PCR 
product was loaded onto an agarose gel for electrophoresis 
and image analysis (Shanghai Bio-Tech Co., Ltd, China) to 
determine the mRNA expression of Gli-1.

Determination of protein expressions of VEGF, bFGE 
and CD105 in the occlusion cerebral cortex of mice by 
immunohistochemistry

Mice in the sham operation group, model group and 
IFI35 group were given secondary anesthesia before their 
limbs were disinfected with normal saline. When the limbs 
of the mice became white, their brain was taken out to 
cut off and place the left side with cerebral infarction in a 
5% paraformaldehyde solution for fixation. Subsequently, 
paraffin sections were obtained by paraffin embedding, 
stained with xylene, and then treated with ethanol, a citric 
acid antigen repair solution, hydrogen peroxide and other 
solutions. During the staining process, VEGF antibody 
with a dilution ratio of 1: 250 (Santa Cruz, Usa), bFGF 
antibody with a dilution ratio of 1: 200 (Santa Cruz, USA) 
and CD105 antibody with a dilution ratio of 1:200 (Santa 
Cruz, USA) were added. Finally, the stained sections were 

of NF‑κB activity. Mol Med Rep 2018; 18(2):1600-608.  

25. Hou J, Wang T, Xie Q, Deng W, Yang JY, Zhang SQ, Cai JC. N-Myc-interacting 

protein (NMI) negatively regulates epithelial-mesenchymal transition by inhibiting 

the acetylation of NF-κB/p65. Cancer Lett 2016; 376(1):22-33. 

 

 

 
Fig. 1. The NF-κB signaling pathway was inhibited by IFI35. A) Expression of IFI35 
was regulated in endothelial cells. B) Effect of IFI35 on the nucleation of p65. C) 
Expressions of p65/p-p65 in the cytoplasm and nucleus, *P<0.05 

 

 

Fig. 1. The NF-κB signaling pathway was inhibited by IFI35. A) Expression of IFI35 was regulated in endothelial cells. 
B) Effect of IFI35 on the nucleation of p65. C) Expressions of p65/p-p65 in the cytoplasm and nucleus, *P<0.05
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Inhibition of the NF-κB signaling pathway by IFI35 
via interaction between its NIDI and Nmi protein 
domains 

In Fig. 3, the 1-290 amino acid segment represents 
the complete sequence of IFI35; the 5-26 amino acid 
segment represents the leucine-zipper domain of 
leucine; the amino acid segment of 9-80 represents 
the structural domain of N-terminus; the amino acid 
segment of 81-172 represents the structural domain 
of NID1, and the amino acid segment of 183-268 
represents the structural domain of NID2.

The effect of IFI35 on suppressing the NF-κB 
signaling pathway was analyzed by deleting different 
structural domains of IFI35 (Fig. 4). When Leucine-
zipper, N-terminus, and NID2 domains were deleted, 
the inhibitory effect of IFI35 on p65 and p-p65 was 
not affected. When NID1 domain was deleted, the 
inhibitory effect of IFI35 on p65 and p-p65 was 
significantly reduced ( Fig. 4, A and B).

The effect of deleting the structural domains of 
IFI35 on NF-κB transcription was analyzed (Fig 
4C). It was found that the deletion of N-terminus, 
NID2 domains, and Leucine-zipper domains did 
not attenuate the transcription ability of NF-κB. 
However, when the NID1 domain was deleted, the 
inhibitory effect of IFI35 on the transcription of NF-

whether IFI35 suppresses the activation of the NF-
kappa B signaling pathway, the cytoplasmic and 
nuclear distribution of p65 protein was analyzed 
and is shown in Fig. 1, B and C. When IFI35 was 
overexpressed, the expression of p65 was decreased 
in the nucleus and cytoplasm. When the expression 
of IFI35 was lowered, the expression of p65 in the 
nucleus and cytoplasm was increased along with an 
increased cytoplasmic expression of p-p65 (CST, 
USA), suggesting that IFI35 inhibited the activation 
of the NF-κB signaling pathway.

Effect of NF-κB signaling pathway inhibition on 
IFI35-mediated endothelial cell proliferation

When IFI35 was lowered, the number of 
endothelial cells was significantly increased after the 
introduction of a PDTC inhibitor (Sigma, Germany) 
to inhibit IFI35 expressions (Fig. 2A). The number 
of bright spots was increased while the proliferation 
ability of endothelial cells was decreased when 
a PDTC inhibitor was added (Fig. 2A). Fig. 2B 
shows that this trend became more obvious. After 
the inhibition of IFI35 by PDTC, the proportion 
of active endothelial cells was significantly higher 
than that of the si-RNA control and si-IFI35 groups 
(P<0.05).

 
Fig. 2. The effect of the NF-κB signaling pathway inhibition on IFI35-mediated 
endothelial cell proliferation. A) Effect of IFI35 expressions and a PDTC inhibitor on 
the activation of the NF-kB signaling pathway. B) Effect of IFI35 expressions and a 
PDTC inhibitor on the cells of cerebral infarction, *P<0.05 

 

 

 

Fig. 3. Structure diagram of IFI35 with domain deletions 

 

Fig. 2. The effect of the NF-κB signaling pathway inhibition on IFI35-mediated endothelial cell proliferation. A) Effect of 
IFI35 expressions and a PDTC inhibitor on the activation of the NF-kB signaling pathway. B) Effect of IFI35 expressions 
and a PDTC inhibitor on the cells of cerebral infarction, *P<0.05



380

 
Fig. 4. Inhibition of NF-κB signaling pathway activation by IFI35 was achieved via the 
interaction between the Nmi and NID1 structural domains of IFI35. A, B) Inhibition of 
NF-κB signaling pathway activation by the NID structural domain of IFI35. C) 
Inhibition of transcriptional activity of NF-κB by the NID1 structural domain of IFI35. 
D, E) The effect of reduced Nmi expressions on the inhibitory effect of IFI on NF-κB 
signaling, *P<0.05 

 

 

Fig. 4. Inhibition of NF-κB signaling pathway activation by IFI35 was achieved via the interaction between the Nmi and 
NID1 structural domains of IFI35. A, B) Inhibition of NF-κB signaling pathway activation by the NID structural domain 
of IFI35. C) Inhibition of transcriptional activity of NF-κB by the NID1 structural domain of IFI35. D, E) The effect of 
reduced Nmi expressions on the inhibitory effect of IFI on NF-κB signaling, *P<0.05.

 
Fig. 2. The effect of the NF-κB signaling pathway inhibition on IFI35-mediated 
endothelial cell proliferation. A) Effect of IFI35 expressions and a PDTC inhibitor on 
the activation of the NF-kB signaling pathway. B) Effect of IFI35 expressions and a 
PDTC inhibitor on the cells of cerebral infarction, *P<0.05 
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p-p65 expressions in the cytoplasm and nucleus was 
significantly reduced (p <0.05) (Fig. 4, D and E).

Effect of Nmi domain on the inhibitory effect of IFI35 
on endothelial cell proliferation

Whether Nmi domain (Abcam, American) played 
a role in the inhibitory effect of IFI35 on NF-κB 
signaling was investigated (Fig. 5), and it was found 
that the increased expression of IFI35 inhibited 
the proliferation of endothelial cells. However, a 
decreased level of Nmi could reduce the inhibitory 
effect of IFI35 on the proliferation of endothelial cells. 

κB promoter was significantly reduced, indicating 
that the NID1 structural domain of IFI35 could 
significantly inhibit the transcriptional ability of NF-
κB (P<0.05).

To verify that the inhibitory effect of IFI35 on 
the NF-κB signaling pathway was exerted via the 
Nmi domain, the expression of IFI35 was increased. 
It was found that the expression of p65 in the 
cytoplasm and the expression of p-p65 in the nucleus 
were decreased by increased expressions of IFI35. 
However, when the expression of Nmi domain was 
reduced, the inhibitory effect of IFI35 on p65 and 

 
Fig. 5. Effect of Nmi domain on the inhibitory effect of IFI35 on endothelial cell 
proliferation 

 

 

 
Fig. 6. Effect of NF-κB signaling inhibition on the mRNA expression of Gli1 in 
occluded lateral cerebral cortex 
 

 
Fig. 5. Effect of Nmi domain on the inhibitory effect of IFI35 on endothelial cell 
proliferation 

 

 

 
Fig. 6. Effect of NF-κB signaling inhibition on the mRNA expression of Gli1 in 
occluded lateral cerebral cortex 
 

Fig. 5. Effect of Nmi domain on the inhibitory effect of IFI35 on endothelial cell proliferation

Fig. 6. Effect of NF-κB signaling inhibition on the mRNA expression of Gli1 in occluded lateral cerebral cortex
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and IFI35 treatment groups was significantly lower 
than that in the model group (P<0.05).

Effect of NF-kB signaling inhibition on the expression 
of VEGF, bFGE, and CD105 in occluded lateral 
cerebral cortex of mice

The expression of VEGF, bFGF, and CD105 in 
the sham operation and IFI35 treatment groups was 
significantly lower than that in the model group 
(P<0.05) (Fig. 7).

Therefore, Nmi plays an increasingly significant role 
in the transformation of endothelial cells from the 
growth stage of G0/G1 to the S stage, indicating that 
Nmi is involved in the inhibitory effect of IFI35 on 
endothelial cell proliferation.

Effect of NF-κB signaling inhibition on the mRNA 
expression of Gli1 in occluded lateral cerebral 
cortex of mice

In Fig. 6, the Gli1 expression in the sham operation 

 
Fig. 7. Effect of NF-κB signaling inhibition on the level of angiogenic factors in 
cerebral cortex. A) Effect of NF-κB signaling inhibition on the level of VEGF in 
cerebral cortex. B) Effect of NF-κB signaling inhibition on the level of bFGF in 
cerebral cortex. C) Effect of NF-κB signaling inhibition on the level of CD105 in 
cerebral cortex, *P<0.05 

 

Fig. 7. Effect of NF-κB signaling inhibition on the level of angiogenic factors in cerebral cortex. A) Effect of NF-κB 
signaling inhibition on the level of VEGF in cerebral cortex. B) Effect of NF-κB signaling inhibition on the level of bFGF 
in cerebral cortex. C) Effect of NF-κB signaling inhibition on the level of CD105 in cerebral cortex, *P<0.05
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cell proliferation and angiogenesis. Further studies are 
required to verify the findings above.
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To the Editor,
The prevalence of type-2 diabetes mellitus 

(T2DM) continues to increase in China (1). In recent 
years, a study revealed that some human fibroblast 
growth factors (FGFs)  can regulate the function and 
metabolism of endocrine-related tissues and organs, 
in which FGF19 is involved in the regulation of 
glycolipid metabolism (2), and acts against obesity 
and diabetes. Serum FGF19 level will remain stable 
as the age of the human body increases. FGF19 

is involved in regulating the process of energy 
metabolism, particularly during eating or under 
a hungry state. FGF19 is secreted in the intestines 
after eating, and assumes the role of the negative 
regulation of the synthesis and secretion of bile 
acids. As an anaphase hormone, FGF19 improves 
glucose tolerance, insulin sensitivity, and fat and 
energy metabolism. In particular, serum FGF19 
level is reduced in patients with diabetes, obesity 
and metabolic syndrome (3). It was reported that 

Key words: FGF19; T2DM; postprandial blood glucose; OGTT

The present study aims to investigate changes in serum fibroblast growth factor 19 (FGF19) levels 
two hours after oral use of 75 g of glucose in newly diagnosed type-2 diabetic patients, and explore its 
influence factors. Fifty newly diagnosed type-2 diabetic patients, admitted to our hospital from January 
2015 to December 2015, were randomly enrolled in the present study (T group), while 50 age- and gender-
matched subjects, who presented with normal physical examination results were enrolled in the control 
group. All subjects underwent oral glucose tolerance test (OGTT). Serum FGF19 levels at two hours 
after sugar use were compared, and the related influence factors of serum FGF19 were determined. 
The difference between the two groups was not statistically significant (P>0.05). The comparison of 
related indexes after OGTT revealed that serum FGF19 levels were lower in the T group (198.06 pg/
ml, range: 120.03-346.46 pg/ml) than in the control group (222.27 pg/ml, range: 126.92-382.62 pg/ml), 
but the difference was not statistically significant (P>0.05). Among these influence factors, postprandial 
serum FGF19 level was positively correlated with LDL-C and postprandial blood glucose in the T group, 
while postprandial serum FGF19 level was positively correlated with HbA1c in the control group. There 
was no significant difference in postprandial serum FGF19 level between patients with type-2 diabetes 
mellitus and healthy subjects. LDL-C and postprandial blood glucose may be independent factors for 
serum FGF19 levels in type-2 diabetic patients, and there is a positive correlation among these.
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December 2015, were randomly enrolled (T group). In 
addition, 50 age- and gender-matched subjects, who 
presented with normal physical examination results 
during the past two years, were enrolled from the Health 
Checkup Center of our hospital, and were assigned as the 
control group. In the T group, 30 patients were male and 
20 patients were female, and the average age was 55.5±9.5 
years. In the control group, 27 patients were male and 23 
patients were female, and the average age was 51.7±8.7 
years. The differences in age and gender between these 
two groups were not statistically significant (P>0.05), 
hence, the two groups were comparable. Patients in the 
T group met the 1999 World Health Organization (WHO) 
diagnostic criteria. The course of diabetes was less than 
six months. The two groups of subjects had no medication 
history for the regulation of blood lipid and bile acid in 
the pprevious three years, had no other diseases, such as 
cardiovascular and cerebrovascular diseases, diseases of 
the liver, kidney or other organs, and did not have a history 
of cancer or major surgery. This study was conducted in 
accordance with the Declaration of Helsinki and approved 
by the Ethics Committee of our hospital. Written informed 
consent was obtained from all participants.

Methods
The height, weight, waist circumference, hip 

an injection of FGF19 can reduce lipodieresis to 
improve blood glucose levels in hyperglycemic rats 
(4). Another study also revealed that under the fasting 
state, serum FGF19 level was lower in patients with 
T2DM and impaired fasting glucose tolerance (IFT), 
compared to healthy subjects, while serum FGF19 
level in patients with impaired glucose tolerance 
(IGT) was not significantly different from that of 
normal subjects (5). After the oral glucose tolerance 
test (OGTT), the 2-hour postprandial serum FGF19 
level increased, compared with that under the fasting 
state (6).

Both clinical and laboratory studies have 
revealed that this hormone plays an important role in 
glycolipid metabolism in the gastrointestinal tract. In 
order to enrich the clinical evidence for FGF19 level, 
in the present study, postprandial serum FGF19 level 
and its influence factors were analyzed in newly 
diagnosed T2DM patients.

MATERIALS AND METHODS

The research subjects in the present study are a general 
population in Beijing, China. Fifty newly diagnosed 
T2DM patients, who were treated at the Department 
of Endocrinology of our hospital from January 2015 to 

Table I. Comparison of general information between the two groups. 

Indexes T group Control group P value 

BMI (kg/m2) 
WC 

WHR 

25.7±2.5 
102±11.5 
0.97±1.72 

22.6±1.9 
92±11.5 
0.82±1.5 

 P < 0.001 
P < 0.05 

     P < 0.05 
HbA1C 8.5±1.3 6.1±0.7  P < 0.001 

TG 3.51±0.6 0.9±0.4  P < 0.001 
LDL-C 3.4±0.97 2.12±0.42  P < 0.001 
HDL-C 1.12±0.15 1.21±0.2 0.23 

FBG 8.7±2.5 4.5±0.5 P< 0.001 
FINS (pmol/L) 7.9±1.8 4.7±0.8      P< 0.05 
FGF19 (pg/ml) 244.77 

(139.69-399.79) 
276.21 

(152.72-459.27) 
0.08 

Note: WC: waist circumference; WHR: waist-to-hip ratio; FBG: Fasting blood 
glucose; FGF19: fibroblast growth factor 19. 
 
 
 
 
 
 
 
 

Table II. Comparison of related indexes after OGTT between the two groups. 

Indexes T group Control group P value 
2hPG 16.2±2.7 7.1±0.5 P < 0.001 

INS (pmol/L) 14.9±1.2 8.7±1.8 P < 0.05 
FGF19 (pg/ml) 188.06 

(120.03-346.46) 
222.27 

(146.92-392.62) 
0.24 

Note: 2hPG: 2-hour postprandial glucose; FGF19: fibroblast growth factor 19. 

 

 
 
 
 
 
 
 
 
 

Table I. Comparison of general information between the two groups.

Note: WC: waist circumference; WHR: waist-to-hip ratio; FBG: Fasting blood glucose; FGF19: fibroblast 
growth factor 19.
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washing, the addition of detection antibodies, the addition 
of streptavidin-conjugated horseradish peroxidase (STP-
HRP), coloration, termination, colorimetry and the 
calculation of concentration.

Statistical analysis
SPSS software 20.0 (SPSS, Chicago, IL, USA) was 

used for statistical analysis. The quantitative variables 
were analyzed using t-test, and the classification variables 
were analyzed using c2-test or the 2×2 four-fold table 
exact probability test (Fisher’s exact test). The influence 
factors were evaluated using Pearson’s Correlation, 
and independent influence factors were analyzed using 
multiple linear regression (stepwise method). Some 
data were transformed to normal distribution by natural 
logarithm prior to the statistical analysis. P<0.05 was 
considered statistically significant.

RESULTS

Comparison of test results
The characteristics of the clinical and metabolic 

indicators are presented in Table I. The differences 
in age, gender and HDL-C between the T group 
and control group were not statistically significant 
(P>0.05). However, the differences in other 

circumference and body mass index (kg/m2) of subjects 
in the two groups were measured in the early morning 
under a fasting state, and the body fat of these subjects 
were calculated. Subjects in both groups underwent 75-g 
OGTT. Fasting blood samples were taken immediately 
and two hours after glucose use, and the serum was 
separated. The collected serum was used for biochemical 
testing, and the remaining samples were preserved for 
further FGF19 detection. Glycated hemoglobin (HbA1c) 
was detected using ion-exchange high-performance 
liquid chromatography, and the instrument used was a 
hemoglobin photometer. Fasting blood glucose (FBG) 
and 2-hour postprandial glucose (2hPG) were determined 
using the glucose oxidase method (Beckman, USA). Serum 
triglyceride (TG), total cholesterol (TC) and high density 
lipoprotein cholesterol (HDL-C) were determined using 
the enzymic method. Low density lipoprotein cholesterol 
(LDL-C) was detected by homogenous assay, using an 
automatic biochemical analyzer (Beckman, USA). Fasting 
insulin (FIns), fasting C-peptide, 2-hour postprandial 
insulin and 2-hour postprandial C-peptide were 
determined using a fully automated chemiluminescence 
analyzer (Beckman, USA). Serum FGF19 was detected 
using an enzyme-linked immunosorbent kit according 
to the manufacturer’s instructions as follows: control 
dilution, sample processing, sample loading, plate 

Table I. Comparison of general information between the two groups. 

Indexes T group Control group P value 

BMI (kg/m2) 
WC 

WHR 

25.7±2.5 
102±11.5 
0.97±1.72 

22.6±1.9 
92±11.5 
0.82±1.5 

 P < 0.001 
P < 0.05 

     P < 0.05 
HbA1C 8.5±1.3 6.1±0.7  P < 0.001 

TG 3.51±0.6 0.9±0.4  P < 0.001 
LDL-C 3.4±0.97 2.12±0.42  P < 0.001 
HDL-C 1.12±0.15 1.21±0.2 0.23 

FBG 8.7±2.5 4.5±0.5 P< 0.001 
FINS (pmol/L) 7.9±1.8 4.7±0.8      P< 0.05 
FGF19 (pg/ml) 244.77 

(139.69-399.79) 
276.21 

(152.72-459.27) 
0.08 

Note: WC: waist circumference; WHR: waist-to-hip ratio; FBG: Fasting blood 
glucose; FGF19: fibroblast growth factor 19. 
 
 
 
 
 
 
 
 

Table II. Comparison of related indexes after OGTT between the two groups. 

Indexes T group Control group P value 
2hPG 16.2±2.7 7.1±0.5 P < 0.001 

INS (pmol/L) 14.9±1.2 8.7±1.8 P < 0.05 
FGF19 (pg/ml) 188.06 

(120.03-346.46) 
222.27 

(146.92-392.62) 
0.24 

Note: 2hPG: 2-hour postprandial glucose; FGF19: fibroblast growth factor 19. 

 

 
 
 
 
 
 
 
 
 

 

Table III. Comparison of indexes influencing postprandial serum FGF19 levels. 

Note: FGF19: fibroblast growth factor 19; 2hPG: 2-hour postprandial glucose. 
 

Indexes T group Control group 
r P value r P value 

2hPG 0.253 0.047 -0.134 0.335 
HbA1c -0.146 0.197 0.288 0.036 
LDL-C 0.241 0.030 -0.006 0.961 

Table II. Comparison of related indexes after OGTT between the two groups.

Table III. Comparison of indexes influencing postprandial serum FGF19 levels.

Note: 2hPG: 2-hour postprandial glucose; FGF19: fibroblast growth factor 19.

Note: FGF19: fibroblast growth factor 19; 2hPG: 2-hour postprandial glucose.
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in the fasting and postprandial states. Furthermore, 
postprandial serum FGF19 level was positively 
correlated with LDL-C and postprandial blood 
glucose in T2DM patients, while postprandial serum 
FGF19 was positively correlated with HbA1c in 
normal subjects. This factor is the influence factor for 
serum FGF19 in the normal population. Most of the 
conclusions in the present study are in contrast with 
those reported by other studies, and the reason may 
be the regional influence. Hence, there is a need to 
further expand the sample size and increase the variety 
of serological indicators in future studies, in order to 
further clarify these differences in clinical data.
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indicators between the two groups were statistically 
significant (P<0.05). In addition, the difference in 
serum FGF19 level in the fasting state between the 
two groups was not statistically significant (P>0.05).

In the present study, the comparison of related 
indexes after OGTT between the T group and control 
group revealed that serum FGF19 levels were lower 
in the T group (198.06 pg/ml, range: 120.03-346.46 
pg/ml), compared with the control group (222.27 pg/
ml, range: 126.92-382.62 pg/ml), but the difference 
was not statistically significant (P>0.05, Table II).

Analysis of factors influencing postprandial serum 
FGF19 levels

Postprandial serum FGF19 level was positively 
correlated with LDL-C and postprandial blood 
glucose level in the T group, while postprandial 
serum FGF19 level was positively correlated with 
HbA1c in the control group. These results are 
presented in Table III.

DISCUSSION

FGF19 can reduce TG and blood glucose, and 
promote the synthesis of glycogen and liver protein. In 
addition, FGF19 transgenic mice had lower TC and TG 
levels in serum and the liver, when compared to wild-
type mice. Furthermore, the intraperitoneal injection 
of recombinant FGF19 in these transgenic mice could 
decrease plasma apo1ipoprotein A (APOA) level by 
32%, and decrease liver APOA mRNA by 47%. 

The serum FGF19 level in T2DM patients 
with obesity (BMI ≥30 kg/m2) was lower than the 
normal level, but the difference was not statistically 
significant. Wang et al. (7) revealed that after OGTT, 
the increase in FGF19 level was positively correlated 
to the increase in age, and was negatively correlated 
to abnormal glycemic regulation and statin therapy. 
Weight reduction could increase the expression of 
FGF19 in the distal small intestine (8). Furthermore, 
a recent study revealed that FGF19 levels were not 
correlated to abnormal glucose tolerance induced by 
the increase in visceral fat (9).

The present study revealed that there was no 
significant difference in serum FGF19 level between 
T2DM patients and healthy subjects in Beijing, China 
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fibroblast growth factor 19 levels with visceral fat 
accumulation is independent of glucose tolerance 
status. Nutr Metab Cardiovasc Dis 2018; 28:119-25.

growth factors 19 and 21 in bariatric metabolism. 
Dig Dis 2017; 35:191-96.
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To the Editor,
Several animal models have been developed to 

study postmenopausal osteoporosis. Because of the 
low cost and ease of management, the ovariectomized 
rat model represents the standard for postmenopausal 
osteoporosis studies and demonstrates cancellous 
bone defects, such as postmenopausal bone loss. 
However, the rat model has several weaknesses, 

including incomplete skeletal maturity, deficient 
Haversian canals with a lack of intra-cortical bone 
remodeling, and a small-sized anatomy for fixation 
of orthopedic implants (1).

Rabbit models have been used to study the bone–
implant interface (1). Unfortunately, ovariectomy 
(OVX) alone is insufficient to produce osteoporosis 
in rabbits, so other osteoporosis models with 
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Rabbit models have been proposed for the study of postmenopausal osteoporosis by bilateral 
ovariectomy with reduced dietary calcium intake or glucocorticoid administration. However, restricting 
dietary calcium intake or administering a glucocorticoid can cause secondary osteoporosis and is not 
representative of a pure postmenopausal osteoporosis model. The aim of this study was to establish an 
experimental rabbit model of osteoporosis induced by ovario-hysterectomy alone. Fourteen female New 
Zealand rabbits were separated into two groups of a sham (control) group and an ovario-hysterectomy-
induced osteoporosis group. Tibiae were extracted 24 weeks after ovario-hysterectomy and were scanned 
by micro-computed tomography. The evaluation parameters were bone mineral density (BMD), trabecular 
bone volume (BV/TV), trabecular number (Tb.N), trabecular thickness, and trabecular separation (Tb.
Sp). The tibial samples were evaluated after hematoxylin and eosin and Masson’s trichrome staining. The 
sham group had significantly higher BMD, BV/TV, and Tb.N values and the lowest Tb.Sp value compared 
to the ovario-hysterectomy group. The histological analyses revealed a loss of the bony trabeculae and 
an increase in osteoporotic changes in the bone of the ovario-hysterectomy-induced osteoporosis group 
compared to the control group. Our results indicate that an ovario-hysterectomy-induced rabbit model 
would be a safe, reproducible model for postmenopausal osteoporosis studies.
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kV and 357 μA. A 1 mm-thick aluminum filter was 
used to reduce beam hardening artifacts. Pixel size 
was 35.78 mm. Exposure time was 350 ms using a 
stepwise mode and rotation was 0.7° with a complete 
rotation. We reconstructed and analyzed the images 
using Skyscan software (Skyscan N.V.). We 
evaluated the following parameters: bone mineral 
density (BMD; g/cm2), trabecular bone volume (BV/
TV; %), trabecular number (Tb.N;/mm), trabecular 
thickness (Tb.Th; mm), and trabecular separation 
(Tb.Sp; mm). 

Hematoxylin and eosin (H&E) staining 
After the extracted tibia were decalcified and 

fixed in paraffin, they were cut longitudinally at 
a thickness of 3 µm using a microtome (Leica 
Microsystems, Wetzlar, Germany). Each section was 
mounted on a slide and kept at 55°C. The sections 
were de-paraffinized in four 5-min changes of xylene 
and dehydrated in 2 min by changes in sequentially 
decreasing alcohol solutions (100%, 95%, 80%, and 
70%). The slides were washed in flowing purified 

combined therapy have been proposed, such 
as reducing dietary calcium or administering a 
glucocorticoid (1-6). However, reducing dietary 
calcium or administering a glucocorticoid are causes 
of secondary osteoporosis and do not represent a 
pure postmenopausal osteoporosis model. Moreover, 
there are relatively few publications on rabbit models 
with only OVX to evaluate trabecular bone mineral 
density (BMD) (7-10).

The purpose of the present study was to establish 
and illustrate a rabbit model of osteoporosis by 
ovario-hysterectomy (OHX) without administering 
a glucocorticoid or other specific adjuvant therapies.

MATERIALS AND METHODS

Grouping and bilateral ovario-hysterectomy
Fourteen 24-week-old female New Zealand rabbits 

(weight, 3–3.5 kg) were divided into two groups of 
a sham (control) group and a bilateral OHX-induced 
osteoporosis group. Rabbits were anesthetized with 
Alfaxan (1.6 ml mg/kg i.m.) and Rompun (0.4 ml 
mg/kg, i.m.). The abdomen, flank, and groin areas 
were shaved and surgically prepared using povidone-
iodine and alcohol. A 3–5 cm midline incision was 
made through the skin between the umbilicus and 
the pelvis. After finger dissection and externalization 
of the ovaries and uterus, the ovarian blood vessels 
and the uterine arteries were identified and ligated. 
Finally, the uterus and ovaries were removed. The 
animals received an i.m. antibiotic (cefazole 10 mg/
kg and ketoprofen 5 mg/kg) injection over the first 3 
postoperative days. This study was approved by the 
Institutional Animal Care and Use Committee of Asan 
Institute for Life Sciences Seoul, Republic of Korea 

Ex-vivo micro-computed tomography (micro-CT) 
evaluation

Both tibiae were extracted and scanned by 
high-resolution micro-CT (Skyscan N.V., Kontich, 
Belgium) 25 weeks after OHX. A region of interest 
was selected as the maximal trabeculae area in the 
upper portion of the proximal growth plate of the 
tibia (Fig. 1) The volume of interest was chosen 
as a column diameter of 3 mm and height of 4.507 
mm (126 slices). The acquisition settings were 70 

Figure 1)  
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Fig. 1. Volume of interest for evaluation of the osteoporotic 
changes in micro-computed tomography. The volume of 
interest (VOI) was selected as a column with a diameter 
3.0 mm and a height of 4.507 mm (126 slices) which was 
defined as the maximal trabeculae bone region upper 
portion of the proximal growth plate of the tibia.
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acetic acid solution for 3 min. The remaining stain was 
washed off in flowing purified water.
Statistical analysis

Data are shown as mean ± standard deviation. 
The Mann–Whitney U-test was applied to identify 
the parameter (body weight and micro-CT 
measurements) differences between the two groups. 
A p-value ≤ 0.05 was considered significant. All 
analyses were performed using R (version 3.3.2, 
the R Foundation for Statistical Computing, Vienna, 
Austria). 

RESULTS

None of the rabbits developed an infection or 
wound dehiscence, and all animals tolerated the 
procedure. Representative 3D-micro-CT images 
(Fig. 2) illustrate the bone osteoporotic changes in 
the OHX group. The sham group had higher BMD, 
BV/TV, and Tb.N values and the lowest Tb.Sp values 
compared to the OHX group (Fig. 3). 

The histological findings of H&E and Masson’s 
trichrome staining in the 24-week samples following 
OHX revealed loss of the trabeculae and increased 

water for 1 min and dipped in Harris hematoxylin-I, 
(YD-Diagnostics, Yong In, South Korea) for 5 min, 
followed by a 1 min wash in running purified water. 
The sections were blued in ammonia water for 30 sec 
and then washed under running tap water for 3 min. 
The sections were then stained with Eosin Y (Sigma-
Aldrich, St. Louis, MO, USA) for 2 min 30 s and 
dehydrated in 95–100% ethanol. The remaining stain 
was washed away using flowing purified water. Each 
section was mounted (Shandon Synthetic Mountant; 
Thermo Fisher Scientific, Waltham, MA, USA). 

Masson’s trichrome stain
After deparaffinization and hydration, the sections 

were mounted in a 5% iron aluminum solution and dried 
in a 56°C drying oven for 30 min. The sections were 
washed in flowing purified water for 5–6 min to remove 
the picric acid. The sections were stained with Weigert’s 
iron hematoxylin for 10 min and rinsed in distilled 
water. They were then stained with Biebrich Scarlet 
Acid Fuchsin (Sigma-Aldrich) for 5 min and rinsed 
in flowing purified water. The sections were placed in 
phosphomolybdic-phosphotungstic acid solution for 5 
min, rinsed in distilled water, and clarified in 1% glacial 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2. Representative 3-dimensional micro-computed tomography images of the volume of interest 
This photography shows osteoporotic changes of bone in OHX group after ovariectomy. 
 
 
 
 
 
 

 
Fig. 3. Comparing the tibia feasures measured at 16 weeks between sham and bilateral ovario-
hysterectomy group (Sham; control group, OHX; bilateral ovario-hysterectomy group)  

 Sham OHX 

Fig. 2. Representative 3-dimensional micro-computed tomography images of the volume of interest This photography 
shows osteoporotic changes of bone in OHX group after ovariectomy.
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The cause for the delay and insignificant 
reductions in BMD in the OVX-induced rabbit 
model can be explained by reflex ovulation or 
ectopic production of sex hormones. To overcome 
this limitation, other researchers have used 
glucocorticoids to accelerate and increase the 
degree of BMD loss following OVX (11). It is well 
known that glucocorticoids cause loss of cortical 
and trabecular bone (1), upregulate osteoclastic 
resorption, downregulate new bone formation, and 
arrest osteoblastic differentiation. However, these 
methods are similar to secondary osteoporosis. For 
preventing the reflex ovulation or ectopic production 
of sex hormones and accelerating the process of 
osteoporosis, we only performed bilateral OHX to 
remove the ectopic source in this study.

The rabbit has an active Haversian remodeling 

adipose tissue in the bone marrow in the OHX group 
compared to the control group (Fig. 4). 

DISCUSSION

Postmenopausal osteoporosis in rabbits by 
bilateral OVX alone has been described as a primary 
osteoporosis model (8-10). Yildiz et al. (9) reported 
an OVX model involving 12 rabbits that achieved a 
reduction in tibial BMD over 16 weeks. Furthermore, 
other studies have shown significant reductions in 
OVX-only model BMD over longer periods, but a 
prolonged period limits the usefulness of these models 
(11). In our study, we checked the change in BMD 24 
weeks after OHX. The sham group had significantly 
higher BMD, BV/TV, and Tb.N values and the lowest 
Tb.Sp value compared to the OHX group. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2. Representative 3-dimensional micro-computed tomography images of the volume of interest 
This photography shows osteoporotic changes of bone in OHX group after ovariectomy. 
 
 
 
 
 
 

 
Fig. 3. Comparing the tibia feasures measured at 16 weeks between sham and bilateral ovario-
hysterectomy group (Sham; control group, OHX; bilateral ovario-hysterectomy group)  

 Sham OHX 

Fig. 3. Comparing the tibia feasures measured at 16 weeks between sham and bilateral ovario-hysterectomy group * p<0.05; 
** p<0.01. (Sham; control group, OHX; bilateral ovario-hysterectomy group) 
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To the Editor,
The main function of epithelial tissues is to cover 

the outside of the body and line organs, vessels (blood 
and lymph), and cavities. The epithelial tissues are 
composed of epithelial cells that are very closely 
packed together acting as a barrier with protective 
function.

These tissues are classified into three broad 
categories: keratinizing stratified squamous 
epithelia, non-keratinizing stratified epithelia, and 
non-stratified epithelia.

The mucous membrane of the oral cavity consists 
of two layers: stratified squamous epithelium, and 
an underlying layer of connective tissue (lamina 

Key words: direct explant method; enzymatic method; oral mucosa; primary culture

The culture of primary cells in vitro has enabled to gain knowledge in the field of cell biology, disease 
mechanisms and to offer great potential in drug testing. To date, two main techniques of isolating 
and culturing oral mucosal cells, the direct explant method and the enzymatic method, dominate the 
literature and practice. In the present study, both techniques are discussed in detail, comparing the 
advantages and disadvantages of the two approaches in setting up a primary culture of oral mucosal 
cell. The direct explant technique is well-established and has been commonly used for the past 20-30 
years. Although the method of setting up the cultures did not show much variations in the methodology 
described by authors, the culturing conditions varied according to the aims of the projects. The enzymatic 
methods showed many prominent variations as different enzymes, concentrations and other conditions 
were introduced. Both methods of setting up the primary cell cultures of oral mucosal cells proceed 
to culturing conditions adapted to the purpose of the study. The variations of the methods aimed at 
maintaining the purity (free from microbial contamination), identity and stability through maintenance 
of the genotype and phenotype during growth and passage.
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and gases (CO2 and O2). The basic principle used in 
this method is cell migration from the edges of the 
attached to culturing surface piece of tissue (2). This 
technique has been used successfully for 20-30 years 
in experiments including cultures of human gingival 
and buccal tissues (3).

In the direct explant method, the important step 
is the disinfection of the tissue. Wanichpakorn et 
al. suggested disinfection of gingival specimens 
in 10% povidone-iodine solution for 2-3 min. and 
then washing in culture media, before setting up the 
culture (3).

Other authors suggested different approaches 
as Guzman-Uribe et al., who, in order to disinfect 
the samples, preserved the tissue fragments in the 
phosphate buffered saline (PBS), supplemented with 
100 µg/ml streptomycin, 100 IU/mg penicillin and 
10 µg/ml amphotericin B, at 4°C for 12 h (4) before 
setting up cultures. Heller et al. sterilized gingiva 
samples using sterillium, for 15 s, and 70% ethanol 
for the next 15 s. Then they washed the samples 
twice in sterile PBS (5).

In order to separate the epithelial tissue from the 
underlying connective tissue, some authors, such as 
Bayer et al., offered a simple method using a surgical 
pen to mark the epithelial surface (2).

Klingbeil et al. compared efficiency of two 
methods of keratinocyte isolation. In the direct 
explant method, a tissue sample, after washing and 
disinfection, was cut into small pieces and placed, 
with epithelial surface directly adjacent, on the 
culture dish area (6). To separate keratinocytes from 
the total cell volume, they used selective medium 
composed of DMEM and Ham’s F12 (2:1), and 
cultured cells on the 3T3 feeder layer (6). Islam et al., 
using direct explant technique, analysed four culture 
media and measured: cell attachment, outgrowth, 
proliferation and phenotype for samples that were 
taken from rat hard palates, buccal mucosa, lower lip 
and transition zone of the lower lip. (7). The tested 
media were: i) EpiLife- is serum-free, has low Ca2+ 
content and promotes an undifferentiated phenotype; 
ii) Oral Keratinocyte Medium (OKM) that has a 
positive effect on cells viability; iii) Dulbecco’s 
modified Eagle’s medium/Ham’s F12 (DMEM/
F12); iv) Roswell Park Memorial Institute 1640 

propria). The oral epithelia consist of tissues 
classified into both the stratified epithelial categories. 
Keratinizing epithelium and non-keratinizing 
epithelium can be distinguished in this tissue. The 
oral mucosa exhibits both epithelial and connective 
tissue structural modifications in different areas of 
the oral cavity (1). The epithelial tissue is composed 
mostly by keratinocytes, and the connective tissue is 
commonly composed of fibroblasts.

While in vitro expansion of the fibroblast 
population is relatively easy. They are characterised 
with easy attachment to the culturing surface and do 
not require feeder cells or coating. The culturing of 
the epithelial cells (keratinocytes) has been proven 
to be more complex. For a long period, the culturing 
approach to keratinocytes was by using feeder cell 
population (fibroblasts produce keratinocyte growth 
factor, that promote oral epithelial growth and 
proliferation), most commonly: i) the mitotically 
inhibited murine 3T3 cells, or a choice of substances 
to “coat” the culturing surface for increased cell 
attachment; ii) substances like collagens, fibronectin, 
laminin; iii) regulation of Ca2+ concentration; iv) 
conditioned medium; or v) dedicated medium used 
for keratinocyte in vitro culture.

Oral mucosa cell isolation methods
Two main methods are commonly used in 

laboratories to establish primary culture of the oral 
mucosa cells in vitro. The first one is direct explant 
technique; the protocols for this method are less 
complicated and less variations in the steps are 
observed in the literature. The main differences in the 
protocols refer to the methods of disinfection of the 
tissue sample and the choice of culturing media used 
for establishing culture and subsequent expansion. 
The second isolation method involves more variable 
protocols, with the variation mainly concerning the 
concentrations of digestion enzymes used. Both of 
the approaches are outlined below.

Direct explant method
Direct explant technique consists in placing 

small pieces of the extracted tissue on a culture 
dish, obtaining attachment and supplying carefully 
controlled conditions: culturing media; temperature 
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colony formation efficiency, life-span of the cultured 
cells and the time before the first cell harvest. In the 
conclusions they wrote that the enzymatic method 
provided the best results for human oral keratinocyte 
primary culture, compared to the direct explant 
method. The authors suggested that the enzymatic 
method allowed to obtain the best cell yield within 
the shortest time (6).

Oral mucosa culturing methods
It is well known that connective tissue has 

both instructive and permissive effects on the 
development and differentiation of the epithelial 
tissues (8). The influence of the connective tissue 
on the epithelia was presented by Chinnathambi et 
al. They showed that oral fibroblasts induced the 
expression of the oral keratins K4, K13 and K19 in 
the skin keratinocytes (8).

Keratinocytes grow better in a low concentration 
of Ca2+ and serum-free medium. The higher 
concentration Ca2+ can induce differentiation (11, 12). 
On the other hand, fibroblasts require a higher level 
of Ca2+ (physiological concentration) to proliferate 
(12). This problem is significant when we have co-
culture of keratinocytes and fibroblasts. In the study 
by Costea, the author described that FAD medium 
(1:3 mixture of DMEM and Hams’ F12 media) was 
superior compared to other media (KSFM, MEM) 
for optimal growth and differentiation of human oral 
mucosa (12). In the case of keratinocyte cultures, 
it should be taken into account that the serum 
promotes progress towards terminal differentiation. 
Spontaneous immortalization of keratinocytes also 
seems to be an interesting issue. Parikh et al. cultured 
keratinocytes using low Ca2+ medium. After 2-3 
passages, the keratinocytes entered a crisis phase in 
which the majority of cells underwent apoptosis. The 
few surviving keratinocytes became spontaneously 
immortalized (11).

It is also important to add growth promoting 
supplements to the culture media as they play a 
significant role in cell proliferation (7, 13). Formanek 
et al., in their study, described that adding 5µg/ml 
hydrocortisone, 5µg/ml insulin and 10 ng/ml EGF 
to DMEM with 10% FCS promoted keratinocyte 
growth (13). Contrary to this result, Islam et al., 

medium (RPMI) (7). DMEM was supplemented with 
commonly used cholera toxin and epidermal growth 
factors (EGF) to increase the proliferation capacity 
of oral epithelial cells (6- 8). These four analyzed 
media had similar attachment ability, while DMEM 
generated a higher fold outgrowth than OKM and 
EpiLife (7).

Enzymatic method
For the enzymatic technique, three enzymes are 

usually used: collagenases, dispase and trypsin. It was 
speculated that dispase works from the stromal side, 
because the epithelial structure contains a tight and 
adherents junction. With dispase II we can separate 
connective tissue and epithelial tissue (8). Trypsin 
is used to separate cells of the epithelial tissue (9). 
Collagenases, including matrix metalloproteinase 1 
(MMP-1), digest type I, II, III, V and IX collagen (10).

There are many protocols of isolation of oral 
mucosal cells using an enzymatic method. The 
differences between the isolation protocols are 
mainly dependent on the type of isolated cells. When 
keratinocytes are isolated, the digestion is usually 
trypsin based (6).

Klingbeil et al., while employing the enzymatic 
method, used 0.05% trypsin solution for keratinocyte 
isolation. The fragments of tissue were cut into small 
pieces and were digested in trypsin solution at 37°C. 
Then the supernatant that contained cell suspension 
was collected every 30 min., with trypsin activity 
neutralized with culture medium. After that, cells 
were seeded on a feeder-layer (6).

Nakamura et al. isolated oral epithelial cells by 
explant incubation at 37°C, for 1 h, in 1.2 IU dispase 
and then treated them with 0.25% trypsin-EDTA 
solution for 30 min at room temperature (9).

For fibroblast isolation, collagenase is used (8). 
Chinnathambi et al. separated epithelium and connective 
tissue mechanically and then treated connective tissue 
with 0.2% collagenase for 1 h at 37°C (8).

Conclusions from direct explant technique and 
enzymatic technique

Klingbeil et al. compared two methods of human 
oral mucosa keratinocyte isolation: direct explant 
and enzymatic methods. In their study, they measured 
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min, followed by mechanical separation. Oral tissue 
samples were placed on the deepithelialized HAM. 
Cells were cultured in human corneal epithelium 
(HCE) medium, with contained Minimal Essential 
Medium (MEM) and Ham’s F12 (1:2), 10% FCS, 
epidermal growth factor and insulin. Human 
oral mucosal epithelial cells for ocular surface 
reconstruction were also cultured by Nakamura et al. 
in a serum-free, feeder-free culture system, where the 
keratinocytes were grown as cell sheets. (18). They 
also used a denuded amniotic membrane, and for 
the feeder-free culture, they used a medium mixture 
composed of DMEM/F12 and defined keratinocyte-
SFM (1:2) supplemented with EGF, hydrocortisone, 
epigallocatechin gallate and Dextran 40 (18).

In another study, Roh et al. described a method 
for generating 3D cell sheets of oral mucosa tissue 
without animal products. They used the medium 
containing autologous serum collected from blood 
samples. Tissues obtained from the patient were 
treated with dispase and collagenase. The resulting 
keratinocytes and fibroblasts were seeded onto 
separate dishes. In the next steps, the serum collected 
from blood and fibroblasts were used to make fibrin 
glue as a source of scaffolds. This mixture was 
allowed to solidify in cell culture inserts and, after 
60 min, inserts were placed in plates with medium, 
and keratinocytes were seeded onto prepared inserts. 
Later, cell sheets were detached with forceps and 
prepared for grafting (19).

CONCLUSION

In both culture methods, it is possible to obtain 
and propagate oral keratinocytes in in vitro culture 
(6). The direct explant technique requires less 
involvement at the beginning than the enzymatic 
method. However, using the enzymatic method, in a 
short time, many more cells can be yielded from the 
culture (6). The in vitro cultured epithelial cells offer 
potential clinical applications. However, the problem 
of culture contamination with oral microbiological 
flora from tissue samples is a major obstacle in the 
process of their development.

Although the direct explant technique is older 
than the enzymatic technique, both techniques have 

in their study, had higher outgrowth from mucosal 
pieces placed in supplemented DMEM and RPMI 
that not been supplemented with EGF, insulin and 
hydrocortisone (7).

Oral mucosa can be used in tissue engineering 
and regenerative medicine. Studies conducted by 
Guzman-Uribe et al. found its application as a skin 
substitute particularly promising. (4). Izumi et al. 
described production of an oral mucosa equivalent 
composed of keratinocytes and AlloDerm (14). 
In regenerative medicine, it is essential that cells 
are grown on media that do not contain animal 
components. Izumi et al. used MCDM153 medium 
without FBS in their cultures. This elimination 
did not affect planting of primary cultures of oral 
keratinocytes. For trypsin deactivation a 0.03% 
solution of soybean tissue inhibitor was used (14).

A different direction in the experiments 
concerning oral mucosa cell culture is the discovery 
and characterization of the mesenchymal stem cells 
(MSCs) that can be used in tissue engineering. Du 
et al. described a technique of MSC isolation from 
gingiva using the limiting dilution method (15). They 
incubated minced gingival tissue in collagenase type 
I and dispase for 2 h at 37°C. The cells were cultured 
in supplemented A-MEM. They isolated single 
cell-derived colonies using colony rings, then each 
colony was transferred primarily to a 96-well plate 
and later to a 6-well plate (15).

Izumi et al. isolated and characterized small-
sized, cultured oral keratinocyte population 
containing progenitor/stem-cell-enriched population 
that could be used to fabricate a human ex-vivo-
produced oral mucosa equivalent (EVPOME) (16). 
They digestated samples of oral mucosa overnight, 
using 0.04% trypsin solution, at room temperature. 
Dissociated keratinocytes were resuspended in a 
chemically defined culture system. After second 
passage, keratinocytes were sorted by fluorescence-
activated cell sorting (FACS). Sorted keratinocytes 
from the 8th passage were used to generate day 11 
EVPOME (D11E) (16).

Madhira et al. cultured oral mucosal epithelial 
cells on human amniotic membrane (HAM), for 
ocular surface reconstruction (17). Epithelium was 
removed from HAM using 0.25% trypsin for 30 
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been widely used in laboratories with success. In the 
United Kingdom a survey was carried out which that 
21 out of 34 laboratories in England which returned 
the questionnaire reported that they used the 
enzymatic method, with variation in the type and of 
the enzymes (20). Both protocols have their pros and 
cons, with the choice and evaluation of the method 
largely dependent on the author’s preference (3).
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and incidence of complications has been reduced, 
CABG-associated hypoxemia still cannot be 
ignored. Hypoxemia has an incidence of 23-27%, 
which usually happens 1 or 2 hours after surgery (2). 
The occurrence of hypoxemia is associated to heart 
dysfunction, pulmonary atelectasis, obesity, smoking, 
deep hypothermic circulatory arrest and systemic 

To the Editor,
Coronary heart disease patients of an advanced 

age who have critical illness and organ dysfunction 
usually need surgical treatment. Coronary artery 
bypass grafting (CABG), which can effectively 
relieve myocardial ischemia and anoxia, is a safe 
treatment (1). Though CABG is being improved 

Key words: coronary artery bypass grafting; hypoxemia; bi-level positive airway pressure

Coronary artery bypass grafting (CABG) is an effective scheme for treatment of myocardial ischemia. 
Hypoxemia is a common complication of CABG, which can affect surgical effect and prognosis and even 
induce multiple organ failure. To explore the clinical efficacy of bi-level positive airway pressure ventilation 
in the treatment of CABG-associated hypoxemia, 216 patients who were admitted to our hospital between 
August 2015 and April 2017 and developed CABG-associated hypoxemia were selected and randomly 
divided into 2 groups, an observation group (n=108) and a control group (n=108). Patients in the control 
group were given conventional treatment including continuous oxygen inhalation through nasal tube, anti-
infection, bronchodilation, phlegm resolving, nutrition support, analgesia, cardiac function maintenance, 
coronary dilatation, anticoagulation and maintenance of stable internal environment, while patients in 
the observation group were given positive airway pressure ventilation via a breathing machine or nasal 
mask besides the conventional treatment. The arterial blood gas indexes and blood circulation indexes of 
patients in the two groups were detected before and after treatment, the number of cases of reintubation 
was recorded, and the curative effects were analyzed. The results demonstrated that the arterial gas 
indexes and blood circulation indexes of patients in the observation group improved after treatment, and 
the improvement of the observation group was significantly superior to that of the control group (P<0.05). 
The intensity of hypoxia of the observation group was higher, and the number of cases of reintubation of 
the observation group was lower than that of the control group (P<0.05). Thus bi-level positive airway 
pressure ventilation is an effective non-invasive ventilation mode for treating CABG-associated hypoxemia 
because it can improve p(O2), reduce p(CO2) in a short time, relieve blood circulation, and reduce the 
rate of reintubation. Patients who develop hypoxemia after removal of tracheal intubation are advised to 
undergo bi-level positive airway pressure in the early stage.
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treatment could significantly reduce the incidences 
of adverse reactions and complications and rapidly 
relieve dyspnea and hypoxemia in the treatment of 
respiratory distress syndrome. The present study was 
carried out to explore the clinical effect of bi-level 
positive airway pressure ventilation in the treatment 
of CABG-associated hypoxemia. 

MATERIALS AND METHODS

Two hundred and sixteen patients who developed 
hypoxemia within 24 h after CABG and were admitted 
to our hospital between August 2015 and April 2017 
were selected. There were 117 males and 99 females 
aged 46~68 years who had body mass index (BMI) 
between 24 kg/m2 and 31 kg/m2. There were 122 cases 
of hypertension, 52 cases of diabetes and 108 cases of 
smoking history. The subjects were randomly divided 
into a control group and an observation group, 108 in 
each group. The differences of basic data such as gender, 

inflammatory response (3). The basic treatment (4) 
of hypoxemia includes increasing oxygen supply, 
reducing oxygen consumption and improving blood 
circulation. Postoperative occurrence of hypoxemia 
will delay the removal of tracheal intubation or 
lead to reintubation and a longer hospital stay. 
Severe hypoxemia can be life-threatening. When 
conventional drug treatment is ineffective in 
the treatment, mechanical ventilation as the last 
treatment means can save the lives of patients (5). 
However, one study (6) suggested that mechanical 
ventilation could not only increase pain in patients, 
but also induce complications such as ventilator-
associated pneumonia. With the development of 
minimally invasive technology in recent years, non-
invasive breathing machine assisted ventilation as 
a brand-new minimally invasive technology has 
gradually been applied in the treatment of respiratory 
system diseases (7). Meneses et al. (8) found that 
non-invasive breathing machine assisted ventilation 

Table I. General data of the two groups.

Baseline data Observation group (n=108) Control group (n=108)

Gender
Male 56 61

Female 52 47

Average age (years) 56.37±5.26 55.91±6.37

  BMI (kg/m2) 27.83±1.55 27.71±1.63

BSA (m2) 1.91±0.24 1.90±0.22

 Euro Score 6.12±1.28 6.15±1.25

LVEF (%) 55.67±6.81 55.81±7.02

With history of smoking 52 56

Accompanying 
diseases

Hypertension 56 66

Diabetes 28 24
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of consciousness, attended trails previously or were 
attending other trials were excluded.

Treatments
Patients in the control group were given comprehensive 

treatment including continuous oxygen inhalation through 
a nasal tube, anti-infection, bronchodilation, phlegm 
resolving, nutrition support, analgesia, diuresis, cardiac 
function maintenance, coronary dilatation, anticoagulation 
and maintenance of stable internal environment. Patients 
in the observation group were given positive pressure 
ventilation via face or nasal mask using bi-level 
positive airway pressure breathing machine besides the 
comprehensive treatment. The breathing machine was set 
at spontaneous/timed mode. The respiratory frequency 
was set as 12~18 times/min; the inhale pressure was set 
as 8~10 cm H2O initially and then increased to 16~18 cm 
H2O; the respiratory pressure was set 0~4 cm H2O. The 
parameters were adjusted according to blood gas analysis. 
The ventilation treatment lasted for 24 h, and an interval 

age, BMI, BSA, Euro Score, left ventricular ejection 
fraction (LVEF), accompanying diseases and history 
of smoking between the two groups had no statistical 
significance (P>0.05; Table I). This study has gained the 
approval from the ethical committee of our hospital, and 
all the patients signed informed consent.

Inclusion and exclusion criteria
The included patients were those who underwent 

CABG, developed hypoxemia within 24 h after tracheal 
extubation, had conscious mind and 60% FiO2 and PaO2 
< 120 mm Hg when admitted to the intensive care unit 
(ICU).

Patients who had severe primary diseases in the liver 
or kidney, blood or immune function disorders, history 
of atrial fibrillation and hyperthyroidism, unstable 
hemodynamics, preoperative pulmonary diseases, such as 
chronic obstructive pulmonary disease (COPD), asthma 
and pneumothorax, severe postoperative complications, 
weak or stopped autonomous respiration, or disturbance 

Table II. Arterial blood gas analysis of the two groups before and after treatment. 

Group p(O2)/mmHg P(CO2)/mmHg SpO2/% PO2/FiO2

Observation 
group

Before 
treatment 70.24±9.26 39.36±2.27 91.21±2.23 141.23±21.55

After 
treatment 140.1±21.54*# 34.48±2.05*# 99.42±0.48*# 284.72±34.17*#

Control group

Before 
treatment 70.02±9.43 39.45±2.33 90.94±2.18 140.57±20. 88

After 
treatment 119.3±20.01* 36.16±2.07* 96.63±1.27* 235.52±29.64*

 (mean±SD). *P<0.05 compared to before treatment;  # P<0.05 compared to the control group.
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RESULTS

Arterial blood gas analysis
The difference of the arterial blood gas indexes 

between the two groups had no statistical significance 
before treatment (P>0.05). p(O2), SpO2 and p(O2)/
FiO2 of both groups increased, p(CO2) decreased 
after treatment, and the differences before and after 
treatment had statistical significance (P<0.05). The 
improvement of the indexes of the observation group 
was significantly superior to that of the control group 
(Table II).

Analysis of blood circulation indexes
The differences of the blood circulation indexes 

between the two groups were not statistically 
significant before treatment (P>0.05). After 
treatment, the HR and MAP of the two groups 
decreased, and LVEF increased; the differences 
had statistical significance (P<0.05). Moreover the 
improvement of the indexes of the observation group 
was significantly superior to that of the control group 
(Table III).

of 15~30 min was allowed during ventilation. To prevent 
rebreathing of CO2, a non-return valve was used in the 
mouth-nose mask. The breathing machine was removed 
if the patient had conscious mind and had stable pressure.

 
Observation of indexes

Indexes such as arterial blood gas, including arterial 
partial pressure of oxygen (p(O2)), arterial carbon dioxide 
partial pressure (p(CO2)), oxygen saturation (SpO2), 
oxygenation index (PO2/FiO2), and blood circulation 
indexes including heart rate (HR), mean arterial pressure 
(MAP), LVEF, were detected before and after treatment, 
respectively. The disease conditions of the patients were 
closely observed were followed up during the treatment, 
and the number of cases of reintubation was recorded.

Statistical analysis
All the data were statistically analyzed using 

SPSS ver. 20.0. Measurement data were expressed as 
mean±standard deviation (SD). Comparison between 
groups was performed using t-test. Enumeration data 
were processed using Chi-squared test. Difference was 
considered statistically significant if P<0.05.

Table III. Blood circulation indexes before and after treatment. 

Group HR/(time/min) MAP/mmHg LVEF/%

Observation 
group

Before treatment 94.13±5.41 92.36±7.81 50.11±4.09

After treatment 81.04±4.79*# 77.68±5.46*# 56.38±4.29*#

Control group

Before treatment 94.90±5.26 92.51±7.80 50.09±3.93

After treatment 83.47±4.46* 81.02±5.56* 53.25±4.11*

(mean±SD). * P<0.05 compared to before treatment; # P<0.05 compared to the control group.

WW. CAI ET AL.



407Journal of Biological Regulators & Homeostatic Agents

the observation group were significantly superior to 
those of the control group, which conformed to the 
aforementioned mechanism. It indicated that bi-level 
positive airway pressure was reliable in relieving the 
clinical symptoms of patients with CABG-associated 
hypoxemia in a short time.

Moreover, bi-level positive airway pressure 
ventilation has obvious advantages, including little 
trauma, lower incidence of breathing machine-
associated pneumonia, retention of cough, speaking 
and swallowing of patients and less pain. Moreover, 
it extends the application range of a breathing 
machine. In this study, the rate of reintubation of 
the observation group was significantly lower than 
that of the control group, which is similar to the 
research results of Joshi et al. (12). In conclusion, 
patients with hypoxemia are advised to undergo bi-
level positive airway pressure ventilation in the early 
stage. But those who have no relief of symptoms 
and no improvement or even aggravation of blood 
gas indexes and hemodynamic indexes after non-
invasive ventilation should establish smooth and 
closed artificial airway and be given invasive 
breathing machine-assisted ventilation.
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To the Editor,
Bronchiolitis caused by respiratory syncytial 

virus (RSV) infection is a lower respiratory tract 
infectious disease that occurs in winter and spring 
and is mostly seen in infants under the age of one 
year, and is closely related to asthma (1). Severe 
RSV bronchiolitis in early infancy can lead to 
lifelong changes in airway remodeling (2, 3). The 
peripheral blood of children with RSV has immune 
dysfunction, which is manifested as Th1/Th2 
imbalance. In recent years, it has been found that 
CD4+CD25+ regulatory T cells (Treg) are a subgroup 

of T cells with immunomodulatory effects. Treg 
plays an immunomodulatory role in vivo (4, 5), 
inhibiting the overexpression of Th2 cytokines and 
playing an important role in reducing the occurrence 
of allergic diseases. Notch signaling pathway is a 
ubiquitous signal sequence that is highly conserved 
and can regulate the differentiation and development 
of T cells (6, 7). γ-secretase inhibitor (GSI) MW167 
is its inhibitor. However, to date, there are few 
studies on the effects of γ-secretase inhibitor on 
Tregs. The purpose of this study was to study the 
effect of γ-secretase inhibitor (GSI) on peripheral 

Key words: Treg; RSV; bronchiolitis; Notch signaling pathway; γ-secretase inhibitor

Bronchiolitis is a widespread lower respiratory tract infection in infants and young children, and is 
closely related to the incidence of asthma, and T regulatory cells (Tregs) play a role in its pathogenesis. 
Notch signaling pathways are closely related to T cells and play a role in respiratory syncytial virus 
(RSV) bronchiolitis. In this study, we observed the changes in Treg and the level of FoxP3 mRNA in 
PBMCs in children with RSV bronchiolitis after blocking Notch signaling pathway by γ-secretase 
inhibitor MW167, which provides a new idea for RSV bronchiolitis immunotherapy. The study enrolled 
30 patients with RSV bronchiolitis and 25 normal controls. PBMC was separated and divided into a 
normal control group, an RSV group, and an MW167 group. The percentage of Tregs was detected by 
flow cytometry, and the level of FoxP3 mRNA was detected by real-time fluorescent quantitative PCR. 
Compared with the normal group, the percentage of Tregs in the RSV group was decreased, and the 
levels of FoxP3 mRNA were significantly decreased. Compared with the RSV group, the percentage of 
Tregs in the MW167 group was increased, and the levels of FoxP3 mRNA were increased. There are 
changes in the percentage of Tregs and the level of transcription factor FoxP3 in PBMCs of children 
with RSV bronchiolitis, and γ-secretase inhibitor MW167 can reverse this change to a certain extent.
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layer of white membrane was moved to a new centrifuge 
tube and mixed with 10 mL of cell cleaning solution. Then 
it was centrifuged at 250 g for 10 min. After removal of 
the supernatant, the above operations were repeated. The 
sediment at the bottom of the centrifuge tube was PBMC.

 
Cell processing and culture

PBMC was obtained by resuspension using RPMI1640 
medium which contained 10% fetal bovine serum. The 
concentration of the cells was adjusted to 1 × 106/ mL. It 
was inoculated into a 24-well plate, 1 mL each well. The 
cells were divided into a normal group, an RSV group 
and an MW167 group. The normal group included PBMC 
obtained by separation of peripheral blood of children 
in the control group; each well was added with 2 μL of 
dimethylsulfoxide (DMSO). The RSV group included 
PBMC obtained by separation of peripheral blood of 
children in the observation group; each well was added 
with 2 μL of DMSO. The MW167 group included PBMC 
obtained by the separation of peripheral blood of children 
in the observation group; each well was added with 2 μL 
of MW167 (1 mg of MW167 was dissolved in 141.7 μL 
of DMSO). Each well in the groups mentioned above was 
added with 10 μg/mL phytohemagglutinin. Then they 
were cultured in an incubator (37°C, 5% CO2). After 48 
h, the cells were collected, and the supernate was cultured.

Flow cytometry
The percentage of Treg cells of the subjects in each 

group was detected using flow cytometry. Three flow 
cytometry tubes were taken and marked with blank 
control tube, isotype control tube and experimental tube 
respectively. 10 μl of anti-human  CD4-FITC m Ab and 
10 μl of Ig G1-FITC/Ig G1-PE-Cy5/Ig G1-PE were added 
to the isotype control tube. 10 μl of anti-human CD4-
FITC m Ab, 5 μl of anti-human CD25PE-Cy5 m Ab and 
10 μl of anti-human CD127-PE m Ab were added to 
the experimental tube. Then the three tubes were added 
with 50 μl of anticoagulant and then incubated at room 
temperature in the dark for 15 min. Then hemolysis 
and fixation were performed. It was detected by flow 
cytometry within 24 h after incubation. CD4+ cells were 
distinguished by CD4 histogram gating, after which the 
percentage of CD25+CD127- cells in CD4+ cells was 
detected.

blood mononuclear cell (PBMC) Tregs in children 
with RSV bronchiolitis, and to seek new ideas for the 
immunotherapy of RSV bronchiolitis.

MATERIALS AND METHODS

All human studies are legal and were approved by 
Binzhou Medical University Ethics committee, and 
informed consent was obtained from the families of the 
children. The bronchitis group included infants who 
were diagnosed as RSV bronchiolitics and hospitalized 
in Binzhou Medical University Affiliated Hospital from 
August 2016 to February 2017; there were 19 male 
children and 11 female children. The average age was 
(5.6±3.6) months. All patients were under 2 years of age. 
The course of disease was within 2 days. Serum specific 
RSV antibody IgM was detected by solid-phase enzyme-
linked immune adsorption assay. In the early stage of 
upper respiratory tract infection, the patients presented 
with persistent dry cough and paroxysmal dyspnea. 
Auscultation showed different degrees of wheezing in the 
lungs. Chest radiographs showed obstructive emphysema, 
peribronchitis and enlarged lung texture of different 
severity. The diagnosis was consistent with bronchiolitics 
diagnostic criteria of Practical Pediatrics of Zhu Futang. 
Uninfected infant samples were obtained from children 
with normal physical examination without cause of RSV 
infection. There were 13 males and 12 females. The 
average age was (5.3±3.4) months. All of the controls 
had no history of allergic or chronic diseases, and family 
history of allergies and asthma were not found. There was 
no history of infection or medication within the previous 
2 weeks. The sex and age of the three groups were not 
statistically significant.

Sample collection and PBMC separation
After admission, 3 mL of peripheral venous blood was 

collected from each patient and processed by heparin for 
anticoagulation. 3 mL of lymphocytes separation medium 
was added in a new centrifuge tube. The blood of the 
patient was slowly added to the surface of the medium, and 
shaking was avoided. Then it was centrifuged at 500 g and 
room temperature for 30 min. There were 4 layers of liquid 
in the centrifuge tube: layer of red blood cells (red), layer 
of separating medium (transparent), PBMC layer (layer of 
white membrane) and layer of plasma (faint yellow). The 
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Statistical analysis
Data are reported as mean ± SD. All data were analysed 

with SPSS17.0 statistical software. The normality and 
variance homogeneity test were performed on different 
groups. One-way ANOVA was used for analysis of 
metrological data. P<0.05 meant difference had statistical 
significance.

RESULTS

MW167 treatment affected the expression of Tregs 
The percentages of Tregs in PBMCs were measured 

after 48 hours of in vitro culture. The proportion of 
Tregs in the three groups is shown in Table II. The 
ratio of Tregs in the RSV group was lower than that in 
the normal group (*P<0.01), while the proportion of 
Tregs in the MW167 group increased (*P<0.01).

Real-Time PCR
Total RNA was extracted from PBMC using TRIzol and 

reversely transcribed into first stranded complementary 
DNA (cDNA). In a 20 μl reaction system, the cDNA 
was 2 μl, and then Real-time PCR was performed using 
cDNA-specific primers. The SYBR Green Master Mix kit 
(Roche) was used for real-time PCR using the Bio-Rad 
iCycler iQ system (Bio-Rad). Real-time PCR was carried 
out under the following conditions: 95°C for 1 min, 
followed by 95°C for 5 s and 60°C for 30 s for 40 cycles. 
As a control, each cDNA sample was subjected to GAPDH 
amplification at the same time. The real-time PCR primers 
used are shown in Table I. The product length of GAPDH 
was 138 bp, and the product length of FoxP3 was 122bp. 
The threshold cycle (Ct) of each sample was determined, 
and the final statistical results were expressed as 2-∆∆Ct. All 
results were normalized to GAPDH expression.

Fig 1. Level of FoxP3 mRNA in PBMCs.

Table I. Primers of RT-PCR.

GAPDH FoxP3

Forward 
primers 5’-GGTGTGAACCATGAGAAGTATGACA-3’ 5’-TCCCAGAGTTCCTCCACAAC-3’

Reverse 
primers 5’-GTCCTTCCACGATACCAAAGTTGT-3’ 5’-ATTGAGTGTCCGCTGCTTCT-3’
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RSV group were lower than those in the normal control 
group at the same age. It indicated that a large amount 
of effector CD4+T cells, especially Th2 cells, were 
activated because of insufficiency of CD4+CD25+Treg 
and decline of immunosuppressive function and a large 
number of pro-inflammatory cytokines generated. 
In addition, the number of CD4+CD25+Treg and the 
expression of FOXP3 mRNA in the MW 167 group 
increased, approaching the normal level, suggesting 
that GSI may inhibit Notch pathway and regulate 
Treg level to participate in inflammatory response. In 
conclusion, Notch signal pathway provides a new way 
for the treatment of bronchiolitis.
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To the Editor,
Over the last decade, overweight and obesity 

have become a significant problem affecting the 
European pediatric population (1). Excess visceral 
fat, likewise, the accumulation of cervical adipose 

tissue, has been shown to be associated (even in 
children and adolescents) with hypertension, insulin 
resistance, type 2 diabetes, dyslipidemia, metabolic 
syndrome, nonalcoholic fatty liver disease and, what 
is particularly interesting, glomerulosclerosis (2).  
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Obesity-related glomerulopathy (ORG) is an increasingly detected syndrome present in children with 
obesity. Megalin, a constitutive proximal tubule cell protein, when present in urine, can be considered 
as a biomarker indicating renal injury in these children. The aim of the study was to analyze 24-hour 
urine megalin excretion in children with obesity and compare its clinical usefulness to both urine (u) 
and serum (s) concentrations of neutrophil gelatinase-associated lipocalin (NGAL) and angiotensinogen 
(AGT). The study group consisted of 112 patients with obesity; the control group was composed of 90 
age-matched healthy children. Daily urine megalin excretion, NGAL and AGT concentrations in serum 
and urine were estimated using ELISA assays. Obesity was defined by Body Mass Index (BMI) z score ≥ 
2. GFR was calculated using Filler formula. An increased daily urine megalin excretion was detected in 
normo- and hypo-filtrating children with obesity (2.1±2.1 mg/kg b.w./24h and 12.4±3.6 mg/kg b.w./24h, 
respectively). In hyperfiltering children with obesity this excretion was found within control values 
(1.5±2.1 mg/kg b.w./24 h). sNGAL, uNGAL and uAGT concentrations were significantly increased in 
hyper- and hypo-filtering children with obesity. Normofiltering children with obesity (corresponding to 
individuals with asymptomatic ORG), presented significantly increased uAGT concentration.  Elevated 
sNGAL and uNGAL concentrations are useful for characterization of both hyper- and hypo-filtration 
states in ORG. An increased daily urine megalin excretion in normofiltrating children with obesity, 
accompanied by elevated uAGT concentration, may indicate asymptomatic ORG in these children.
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control group (48 boys and 42 girls, mean age 10.4±1.6 
years). 

Based on the additional laboratory tests performed 
in both analyzed groups, no endocrine, cardiovascular, 
liver, nephrological disorders nor arterial hypertension 
were found. The clinical and biochemical data in studied 
children are summarized in Table I.  

The study was conducted by the ethical principles of 
the Declaration of Helsinki. Poznan University of Medical 
Sciences Local Ethics Committee approved the research 
protocol (No. 0152/14), and an informed written consent 
was obtained from all the parents of studied children.

Anthropometric measurements
Weight and height were measured using a certified 

columnar scale (SECA 799, Hamburg, Deutschland) with 
BMI function. Obtained BMI values were transformed 
into BMI z scores using WHO reference values for 
pediatric BMI (7).

Waist circumferences was measured in centimeters 
using inextensible tape parallel to the ground. The 
measurement area corresponded to half the length 
between the lowest rib and the iliac crest, at the end of 
normal expiration. aBSI was calculated by employing 
the following formula aBSI = WC(m)/(BMI2/3 × H (m)1/2) 
(8). It was then converted to age and sex specific z scores 
calculated based on USA population normals (9).

Blood pressure
Systolic (SBP) and diastolic blood pressure (DBP) was 

measured using an aneroid sphygmomanometer 3 times after 
the patient sat still for at least 5 min. Hypertension was defined 
as blood pressure ≥ 95th percentile for age, sex and height.

Biomarkers for the diagnosis of obesity-related 
glomerulopathy

Five ml of peripheral blood and the 24-hour urine 
collection were obtained from all the studied children 
on the first day of hospitalization. The 24-hour urine 
amount was measured after thorough mixing. Ten mL of 
each urine sample was then centrifuged within 2 h after 
collection at 1000 rpm for 10 min to remove cellular 
debris. The cleaned urine samples were stored at −72°C 
until measurement. The laboratory tests included standard 
biochemical settings as well as megalin, NGAL and AGT 
evaluations. 

Obesity-related glomerulopathy (ORG) is an 
increasingly detected syndrome present in patients 
with class I (moderate) or class II (severe) obesity. 
The clinical manifestations of ORG, at the very 
beginning, are mainly proteinuria, a higher rate of 
renal plasma flow and, to some extent, increased 
glomerular filtration (3).

The etiopathogenesis of ORG is not fully 
understood, but some authors indicate the important 
initial role of renin-angiotensin-aldosterone system 
(RAAS) activation. Angiotensin II (Ang II), the main 
effector RAAS protein, has been shown to induce 
both glomerular and proximal tubule cell (PTC) 
injury, contributing to the progression of various 
incipient glomerulopathies (4). In this regard, 
megalin - the multiligand receptor and an endocytotic 
protein expressed exclusively in the brush border of 
the proximal tubule - can be considered as a protein 
whose normal function and/or presence in PTCs will 
be impaired following RAAS activation.

In line with above, the aim of the present study was 
to analyze daily megalin urine excretion in children 
with obesity and compare its clinical usefulness to 
both urine and serum concentrations of highly specific 
factors indicating the duration and extent of kidney 
damage - neutrophil gelatinase-associated lipocalin 
(NGAL) (5) and angiotensinogen (AGT) (6).

MATERIALS AND METHODS

Study population
A total number of 202 children (including 118 boys 

and 84 girls) was analyzed in the present report. The 
study group was composed of 112 patients diagnosed 
with moderate obesity (70 boys and 42 girls, mean age 
10.1±1.4 years), admitted to the Department of Pediatric 
Cardiology,  Nephrology, and Hypertension, Poznan 
University of Medical Sciences between October 1st 2014 
and October 31st, 2017. Inclusion criteria were age from 
7 to 14 years and diagnosis of moderate obesity (BMI z 
score ≥ 2). Children and adolescents affected by genetic 
obesity or familial hyperlipidemia were excluded from 
the study protocol. No study participant was taking 
antihypertensive, antidiabetic or lipid-lowering medicines, 
nor corticosteroids. 

Ninety age-matched healthy children served as the 
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ELISA Kit (R&D Systems, Minneapolis, MN) and Human 
Angiotensinogen ELISA Kit (code 0797h, Wuhan EIAab 
Science Co., Warsaw, Poland) respectively. 

The samples from patients and controls were run in 
duplicates. The assays were performed according to the 
manufacturer’s instructions. The optical density (OD) 
value was determined twice using a microplate reader set 
to 450 nm and 540 nm as a wavelength correction. The 
readings at 540 nm were subtracted from the readings at 
450 nm to correct for optical imperfections in the plate. 
The concentrations of NGAL, and ANG were calculated 
based on the standard curve. These standards were also 
assayed in duplicates. 

Statistical analysis
All continuous variables are expressed as the 

mean±SD. Initially, they were assessed for normality with 
the Shapiro-Wilk W test. When they showed a normal 

All the children in the study and control groups were 
assessed for plasma concentration of creatinine, uric 
acid, cysC, glucose, and cholesterol. Additionally, daily 
urine collection for detection of microalbuminuria and/or 
proteinuria was carried out.

The presence of protein in the urine, assessed 
quantitatively as a trace, was defined as proteinuria 
<10mg/kg body weight in a portion of urine. Glomerular 
filtration rate (GFR) was assessed by Schwartz (10) and 
Filler (11) formulas in both groups. Hyperfiltration was 
defined as GFR > 130 ml/min/1.73m2. In contrast, a 
reduced GFR (hypofiltration) was defined as GFR < 90 
ml/min/1.73m2.

Daily megalin excretion was estimated using 
Human LRP2/Megalin ELISA assay (LS-F11978-1, BD 
BioSciences, Warsaw, Poland). The concentrations of 
NGAL and ANG were estimated both in urine and serum 
samples using Human Lipocalin-2/NGAL Quantikine 

Table I. Daily urine megalin excretion and mean concentrations of NGAL and AGT evaluated in the serum and urine of 
examined children.

Parameter

Study group (n=112)

Control group
(n=90) 

GFR > 130 
ml/min/1.73m2

(n=11)

90 ≤ GFR ≤ 130
ml/min/1.73m2

 (n=21)

GFR < 90 ml/
min/1.73m2

(n=80)

urine megalin excretion (mg/
kg/24h)

3.9±4.9*
1.0±0.6

1.5±2.1 2.1±2.1* 12.4±3.6*

(s)NGAL (ng/ml)
53.5±18.3*

45.5±8.1

60.4±21.7* 44.9±8.6 77.6±21.8*

(u)NGAL (ng/ml)
6.4±2.6*

5.3±1.8
6.8±3.1* 5.6±1.2 9.2±2.8*

(s)AGT (ng/ ml)
159.6±13.6

168.8±12.8
155.2±12.8 161.4±14.3 158.7±13.9

(u)AGT (ng/ ml)
14.4±1.8*

0.9±0.3
13.1±1.4* 14.3±2.3* 15.8±1.8*

s: serum; u: urine; GFR: glomerular filtration rate (by Filler formula); NGAL: neutrophil gelatinase-associated lipocalin; 
AG: angiotensinogen;  * p < 0.001 as compared with control group
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concentrations of serum NGAL, urine NGAL and 
urine AGT were noticed in patients with obesity 
(p<0.001). There was no significant difference in 
serum concentration of AGT between the two analyzed 
groups of patients (detailed information is shown in 
Table I).

According to the Filler formula, children with obesity 
were divided into “hyperfiltering” subjects (GFR>130 
ml/min/1.73m2; n=11), “normofiltering” children 
(90≤GFR≤130 ml/min/1.73m2; n=21) and “hypofiltering” 
individuals (GFR<90 ml/min/1.73m2; n=80).

Daily urine megalin excretion was found 
within control values (1.5±2.1 mg/kg b.w./24h) in 
hyperfiltering children. However, serum NGAL, 
urine NGAL and urine AGT concentrations were 
significantly increased as compared to controls 
(60.4±21.7 ng/ml, 6.8±3.1 ng/ml and 13.1±1.4 ng/ml, 
respectively).

Hypofiltering subjects were found to have 
significantly increased concentrations of serum NGAL 
(77.6±21.8 ng/ml), urine NGAL (9.2±2.8 ng/ml) 
and urine AGT (15.8±1.8 ng/ml) as well as 24-hour 
urine megalin excretion (12.4±3.6 mg/kg b.w./24h) 
compared to healthy children.

Interestingly, normofiltering patients with obesity 
showed only significantly increased expression of 
urine AGT (14.3±2.3 ng/ml) and elevated daily urine 
megalin excretion (2.1±2.1 mg/kg b.w./24h). This 
information is summarized Table I.

Clinical and biochemical factors associated with 
early kidney damage 

Pearson correlation showed a high negative 
correlation between GFR (calculated by Filler 
formula) and serum NGAL (-0.5484), urine AGT 
(-0.5260) concentrations and daily urine megalin 
excretion (-0.8018). 

Serum NGAL concentration was strongly 
positively correlated with BMI z score (0.57348), 
aBSI (0.56471), urine NGAL (0.54404) and 24-hour 
urine megalin excretion (0.64012). Finally, a high 
correlation was found between daily urine megalin 
excretion and urine NGAL concentration (0.53946) 
as well as BMI z score and aBSI (0.90819). 

Detailed information is presented as matrix of 
correlations in Table II.

distribution, a subsequent analysis of variance (ANOVA) 
was employed, which was then followed by post-hoc 
comparisons of means (Tukey honest significant difference 
test for an unequal samples sizes in a group – Spjotvoll/
Stoline test). Non-parametric continuous variables were 
compared using the Kruskal-Wallis test. Pearson χ2 test 
was employed to analyze nominal data.

The statistical analyses were performed using the 
Statistica 13.1 PL software package (Dell, Poland). A value 
of p<0.05 was considered to be statistically significant.

RESULTS

Clinical and biochemical analysis
Children composing study and control groups did 

not differ in serum concentrations of creatinine, glucose, 
and cholesterol. Significantly higher concentrations of 
serum cystatin C and uric acid were observed in the study 
group (p<0.0001). According to Schwartz formula, 
GFR values did not differ significantly between the 
study and control groups (109.7±6.4 ml/min/1.73m2 

and 113.4±3.8 ml/min/1.73m2, respectively). As far as 
Filler formula was employed, mean GFR in the study 
group was 106.8±8.5 ml/min/1.73m2 and 112.9±3.4 
ml/min/1.73m2 in the control group (p=0.0017).

The percentage of children with hyperfiltration (in 
the study group) was 14.3% using Schwartz formula 
and 19.6% by Filler formula (not significant). On the 
other hand, hypofiltration was found in only 10.7% of 
children with obesity by Schwartz formula and in as 
many as 37.5% of children composing the study group 
by Filler formula (p=0.0023).

A trace of protein in urine was found in 24 patients 
with obesity (13 boys and 11 girls), while in the control 
group proteinuria was not detected. Patients with 
obesity and control children had similar mean systolic 
and diastolic blood pressure. 

Mean BMI z score in the study group was 2.57±0.67; 
mean aBSI in this group was 0.089±0.02 SD).

Mean serum and urine concentrations of NGAL 
and ANG, as well as mean 24-hour urine megalin 
excretion differed between children with obesity and 
control subjects. Mean daily urine megalin excretion 
was 3.9±4.9 mg/kg b.w./24 h in these children. In 
control subjects mean daily urine megalin excretion 
was 1.0±0.6 (p<0.0001). Similarly, the increased 
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Can it therefore be concluded that only the 
elevated concentration of uAGT in normofiltering 
children is sufficient to diagnose ORG? Certainly not. 
Such a comprehensive analysis must be completed by 
determining at least one more factor. In our opinion, 
this might be megalin. The data presented in the 
correlation matrix shows that daily urine excretion 
of megalin negatively correlates with GFR, but 
positively with serum NGAL and urine NGAL. It 
does not correlate with urine AGT. For this reason 24-
hour urine megalin excretion can be regarded as an 
independent (from urine AGT) ORG biomarker. 
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DISCUSSION

At present, several early kidney disease biomarkers 
can be listed. The most important include NGAL (5) 
and AGT (6). In reference to the literature, NGAL 
and AGT strongly negatively correlate with GFR 
values in ORG (12). Similar observations have been 
made in the current study. A significantly increased 
concentrations of serum NGAL, urine NGAL and 
urine AGT were observed in hyperfiltrating patients. 
In normofiltrating individuals with obesity, serum 
NGAL and urine NGAL were found within control 
values. Serum concentration of AGT did not differ 
between study and control children. However, urine 
concentration of AGT was found to increase linearly. 
Its concentration was significantly higher than in 
the control group, but it was not different between 
hyperfiltrating, normofiltrating and hypofiltrating 
children.

Table II. Correlation matrix of selected factors in the study group.

BMI Z 
score aBSI GFR sNGAL uNGAL Megalin uAGT

BMI Z 
score 0.90819 -0.3542 0.57348 0.28463 0.49267 0.17791

aBSI -0.3821 0.56471 0.36541 0.54548 0.20732

GFR -0.5484 -0.4223 -0.8018 -0.5260

sNGAL 0.54404 0.64012 0.26629

uNGAL 0.53946 0.31818

Megalin 0.46650

BMI: body mass index; aBSI: a Body Shape Index; GFR: glomerular filtration rate (by Filler formula); sNGAL: 
serum neutrophil gelatinase-associated lipocalin; uNGAL: urine neutrophil gelatinase-associated lipocalin; AGT: 
angiotensinogen; bold: high and very high correlation in J. Gilville’s classification
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of 20-30% among malignant cancers of the female 
reproductive system (1). There are 142,000 new 
cases, and about 42,000 females die of endometrial 

To the Editor,
Endometrial adenocarcinoma, an endometrial 

epithelium derived malignant cancer, has an incidence 

Key words: endometrial adenocarcinoma; gprotein-coupled estrogen receptor 30; phosphorylated extracellular 
signal-regulated kinase 1/2

Endometrial cancer which originates from the malignant proliferation and differentiation of endometrial 
epithelium cells, along with cervical cancer and ovarian cancer, are the three most malignant cancers in 
thereproductive system of females. The incidence of endometrial cancer ranked the second among the 
malignant cancers of reproductive system of females. Endometrial adenocarcinoma is the main pathological 
category, with an incidence of 20-30%. The current target treatment of endometrial adenocarcinoma is 
still being explored. Therefore it is of great significance to study the expression of signal pathway and gene 
proteins in the cancerous development of endometrial epithelium cells and their invasion and metastasis 
process. To investigate the expression of gprotein-coupled estrogen receptor 30 (GPR30) and phosphorylated 
extracellular signal-regulated kinase 1/2 (p-ERK1/2) in endometrial adenocarcinoma and its significance, 
the expressions of GPR30 and p-ERK1/2 in the tissues from 24 cases of endometrial adenocarcinoma, 24 
cases of endometrial atypical hyperplasia (EAH) and 24 cases of normal endometrium were detected using 
streptavidin-perosidase method. The results demonstrated that the positive expression rate of GPR30 in the 
EAH and endometrial adenocarcinoma group significantly increased, and the differences with the normal 
endometrium group had statistical significance (P<0.05). The positive expression rate of p-ERK1/2 was the 
highest in the EAH group, and the difference with the normal endometrium group was statistically significant 
(P<0.05). The expression of GPR30 in endometrial cancer with different depth of myometrial invasion was 
significantly different; the deeper the myometrial invasion, the higher the positive expression rate (P<0.05). 
The expressions of GPR30 and p-ERK1/2 was in no correlation with the other clinicopathological parameters. 
There was no correlation between the expressions of GPR30 and p-ERK1/2 in the normal endometrium tissues 
(rs=0.032, P>0.05), but there was a positive correlation between the expressions of GPR30 and p-ERK1/2 in 
the EAH and endometrial adenocarcinoma group (rs=0.601, 0.557, P<0.05). Thus, it can be concluded that 
GPR30 may play its regulatory role in endometrial adenocarcinoma via p-ERK1/2 signal pathway.
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Gynecology and Obstetrics (FIGO) staging method 
was used; there were 6 cases of high differentiation 
(G1), 13 cases of moderate differentiation (G2) and 5 
cases of low differentiation (G3). The EAH patients 
were aged 40~56 years (median 47.5 years). The 
normal patients were aged 40~61 years (median 48.5 
years). All the cases were definitely diagnosed by 
more than two professional pathologists. The age of 
patients in the three groups was comparable.

Detection methods for the expressions of GPR30 
and p-ERK1/2

The streptavidin-perosidase method was used 
according to the manufacturer’s instructions. 
Antigen was repaired using a microwave. Positive 
controls and negative controls were set for each 
experiment. The positive sections were taken as the 
positive controls. Phosphate buffer solution (PBS) 
was taken as negative controls. Rabbit anti-human 
GPR30 polyclonal antibody ab98075 (Abcam 
company, USA) at a working concentration of 1:50, 
rabbit anti-human p-ERK1/2 polyclonal antibody 
BS4621 (Bioworld Company, USA) at a working 
concentration of 1:50, horse radish peroxidase 
labelled goat anti-rabbit second antibody 111-035-003 
(Jackson Company, USA), immunohistochemical kit 
(SP9001) and DAB (3,3′-diaminobenzidine (Beijing 
Beijing Zhongshan Golden Bridge Biotechnology 
Co., Ltd., China) were used.

Determination criteria for results
The expression of GPR30 was found located 

in the cytoplasm and cell membrane under a light 
microscope, and the expression of p-ERK1/2 located 
in the cytoplasm and cell nucleus, manifested as 
brownish yellow or brown particles. The cells were 
counted using the double-blind method. Six fields 
were randomly chosen for each section under a high 
power lens (×400), and the percentage of positive 
cells was calculated. The score was given based on 
the staining degree and number of positive cells, and 
the standards referred to literature (8). The staining 
degree was scored as 0 points if all the stained cells 
were negative (-), as 1 point if the stained cells were 
weakly positive (+), as 2 points if the stained cells 
were moderately positive (++), and as 3 points if 

adenocarcinoma worldwide every year (2). Recent 
studies (3, 4) found a novel 7-transmembrane 
gprotein-coupled estrogen receptor 30 (GPR30) on 
human breast cancer cytomembrane which can rapidly 
combine with microestrogen to activate intracellular 
second messengers and mitogen-activated protein 
kinases (MAPK) and play the nongenomic effect 
of estrogen. Extracellular signal-regulated kinase 
(ERK) is a subtribe of the MAPk family, and the 
overactivation of signal transduction pathway is in 
a close correlation with the occurrence of tumor (5). 
ERK1 and ERK2 are two important members proved 
to be involved in the regulation of proliferation, 
differentiation and multiple metabolic functions of 
cells (6). Filardo et al. (7) found that estrogen could 
activate ERK in Michigan Cancer Foundation-7 cells 
(MCF-7) with positive expression of GPR30, but 
could not activate ERK in MDA-MB-231 cells which 
lack GPR30 unless being transfected with GPR30. 
Thus GPR30 plays an important role in ERK/MAPK 
signal pathway. Based on the aforementioned studies, 
the role of GPR30 in the pathogenesis of endometrial 
adenocarcinoma and the signal pathway mechanism 
of GPR30 in the participation of regulation of non-
nuclear effect of estrogen were investigated in this 
study to provide a theoretical basis to search for new 
targets for treatment of endometrial adenocarcinoma.

MATERIALS AND METHODS

General data
Seventy-two patients who were admitted to 

hospital between April 2016 and April 2017 and 
had complete preoperative fractional curettage, 
hysteroscopy and postoperative pathological diagnosis 
data were selected. Patients who underwent surgical-
pathological staging, had complete pathological and 
clinical data and signed the informed consent were 
included. Patients who had incomplete pathological 
and clinical data or developed other malignant cancers 
were excluded. There were 24 cases of endometrial 
adenocarcinoma, 24 cases of EAH and 24 normal 
cases. Tissues were collected from 24 patients (aged 
46~68 years: median 55 years) with endometrial 
adenocarcinoma and prepared in paraffin-embedded 
samples. The revised International Federation of 
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as the criteria for determining the correlation. 
Difference was considered significant if P≤ 0.05.

RESULTS

Expression of GPR30 and p-ERK1/2 in different 
tissues

In the endometrial adenocarcinoma tissues, 
GPR30 strongly expressed in the cytoplasm and 
cell membrane, manifested as brown yellow 
particles. The expression of p-ERK1/2 located in 
the cell nucleus and cytoplasm, mainly in the cell 
nucleus, manifested as brownish yellow particles 
which distributed as focally or dispersed. In the 
EAH tissues, GPR30 moderately expressed in the 
cytoplasm and cell membrane; the positive signals 
of p-ERK1/2 significantly enhanced, mostly in 
brownish yellow and sepia, and the cytoplasm and 
cell nucleus manifested as positive. In the normal 
endometrial tissues, the majority of GPR30 weakly 
expressed in cytoplasm, manifested as light yellow; 
the majority of p-ERK1/2 weakly expressed in the 
cytoplasm, manifested as light yellow.

The positive expression rates of GPR30 were 
16.67% (4/24), 41.67% (10/24) and 70.83% (17/24) 
in the normal endometrial tissues, EAH tissues and 
endometrial adenocarcinoma tissues, respectively. 

the stained cells were strongly positive (+++). Cells 
were determined as positive if the staining intensity 
was stronger than the non-specifically stained cells 
in the background. Six high power fields in which 
the cancer cells concentrated intensively were 
randomly selected, and then at least 100 cancer cells 
were counted to observe their positive expression. 
It was scored as 1 point if the positive expression 
rate was smaller than 1%, as 2 points if the positive 
expression rate was between 1% and 10%, as 3 points 
if the positive expression rate was between 11% and 
33%, as 4 points if the positive expression rate was 
between 34% and 66%, and as 4 points if the positive 
expression rate was between 67% and 100%. The 
antigen expression was determined as positive if the 
sum of the two scores was between 5 and 8 points; 
otherwise it was determined as negative. Each 
section was scored by two pathologists; the scoring 
was performed again if the scoring results of the two 
pathologists were inconsistent.

 
Statistical analysis

Data were statistically processed by SPSS. ver. 
21.0. Enumeration data were expressed as rate. 
Comparison was performed using Chi-squared test 
and calibration Chi-squared test. Spearman’s rank 
correlation was performed, and r=0.05 was regarded 

Table I. The expression of GPR30 and p-ERK1/2 in different endometrial tissues [n(%)].

Group
GPR30 p-ERK1/2

Positive Negative Positive Negative

Endometrial adenocarcinoma 17 (70.83)ab 7(29.17) 11(45.83) 13(54.17)

EAH 10(41.67)a 14(58.33) 16(66.67)a 8(33.37)

Normal 4(16.67) 20(83.33) 7(29.17) 17(70.83)

a P<0.05 comparing with the normal group; b P<0.05 comparing with the EAH group.
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correlated to the depth of myometrial invasion; the 
deeper the myometrial invasion, the higher the positive 
expression rate (P=0.003). No correlation was observed 
between the expression of p-ERK1/2 and different 
clinicopathological parameters (Table III).

DISCUSSION

GPR30-mediated estrogen non-genomic signals 
extensively participate in the physiological and 
pathological processes of the human body, including 
the occurrence and development of cancer (9). 
The results of this study showed that GPR30 had 
a low, moderate, or even no expression in the 
normal endometrium and EAH tissues, however 
high expression of GPR30 also existed, but the 
expression of GPR30 was moderate or high in the 
endometrial adenocarcinoma, which was similar to 
the results of a previous study (9). Moreover, there 
was a significant correlation between the expression 
of GPR30 and the depth of myometrial invasion. The 
further analysis found that the expression of GPR30 
was in no obvious correlation with FIGO stage, 
degree of differentiation and metastasis of lymph 
nodes, revealing that GPR30 might not be directly 
involved in the process of biological behaviors such 
as tumor metastasis, but the involvement of GPR30 

The positive expression rate of the endometrial 
adenocarcinoma group was significantly higher than 
that of the other two groups (P<0.05). The positive 
expression rate of GPR30 in the EAH group was 
also obviously higher than that in the normal group 
(P<0.05). The positive expressions of p-ERK1/2 were 
29.17% (7/24), 66.67% (16/24) and 45.83% (11/24) 
respectively in the normal endometrial tissues, EAH 
tissues and endometrial adenocarcinoma tissues. 
The positive expression rate of p-ERK1/2 in the 
EAH group was significantly higher than that in the 
normal group (P< 0.05; Table I).

Correlation between the expressions of GPR30 and 
p-ERK1/2

The expression of GPR30 was in no correlation 
with the expression of p-ERK1/2 in the normal 
endometrial tissues, but the EAH group and 
endometrial adenocarcinoma group suggested a 
positive correlation (P<0.05; Table II).

Correlations between the expressions of GPR30 and 
p-ERK1/2 and the clinicopathological parameters 
of endometrial adenocarcinoma

The analysis of the expression of GPR30 and 
clinical data of the endometrial adenocarcinoma group 
suggested that the expression of GPR30 was only 

Table II. Correlation between the expressions of GPR30 and p-ERK1/2 in different endometrial tissues [n(%)].

P-ERK1 /2

GPR30

Normal EAH ECC

Positive Negative Positive Negative Positive Negative

Positive 3(12.50) 4(16.67) 10(41.67) 6(25.00) 11(45.83) 0

Negative 1(4.17) 16(66.66) 0 8(33.33) 6(25.00) 7(29.17)

rs 0.032 0.601 0.557

P 0.901 0.005 0.008
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correlation with different clinical characteristics; 
therefore it was assumed that ERK1/2 signal pathway 
might not directly participate in the development of 
endometrial adenocarcinoma.

In conclusion, the specific mechanisms of 
p-ERK1/2 and GPR30 remain to be further studied. 
The results of this study may provide a new target 
for the treatment of endometrial adenocarcinoma.
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To the Editor,
Primary nephrotic syndrome (PNS) is a 

glomerulopathy caused by a variety of renal 
pathologies. If it is not treated in time, it may eventually 
develop into end stage renal failure (ESRF) (1). Two 
major types of complications can appear in PNS, one 
related to the treatment and known as drug-induced 
complications (e.g. cyclophosphamide, cyclosporin 
A, corticosteroids) and the other related to the 
disease and known as disease-related complications. 
The most severe disease-related complications 
are the infections such as sepsis or peritonitis with 
germs resistant to the usual antibacterial therapy (eg 

Gram-negative bacteria, pneumococci) (2). Because 
of the hyperlipidemia that exists in PNS, the risk 
of cardiovascular disease is high in these patients. 
Some liver diseases, such as viral hepatitis C, non-
alcoholic fatty liver disease, persistent proteinuria 
and severe hypoalbuminaemia, may greatly influence 
hypercholesterolemia (3). 

Nowadays, the treatment of PNS is mainly based on 
glucocorticoids (GLU) (4). In this clinical condition, 
the management includes preventing infection, anti-
coagulation treatment and lipid regulation, to slow 
down or reverse the evolution of the disease. Primary 
nephrotic syndrome can be divided into hormone 

Key words: primary nephrotic syndrome; pathotype; glucocorticoids; hormone sensitivity/resistance

This study aimed to assess the distribution of pathotypes in primary nephrotic syndrome (PNS) 
and their relationship with glucocorticoid treatment efficacy. The study included 120 patients who were 
treated in the nephrology, internal medicine and pediatrics wards of The Second Affiliated Hospital of 
Qiqihar Medical University between March 2014 and October 2017 and who underwent renal biopsy 
to confirm PNS. The patients with PNS were divided into a child group (40 cases, aged 0~17 years) 
and an adult group (80 cases, aged over 18 years). We evaluated the correlation of the curative effect 
of glucocorticoid with age, pathological type, renal tubulointerstitial damage retinol binding protein 
and total urine protein. The main pathological types of PNS were glomerular minor lesion (GML) 
and mesangial proliferative nephritis (MPGN). The glucocorticoid treatment had an improved effect 
on children compared to adults, and also the effect decreased with age. The pathotypes of PNS were 
correlated with hormone resistance: tubulointerstitial lesions were associated with glucocorticoid 
resistance which was also associated with the degree of tubular damage. In both adults and children the 
retinol binding protein (RBP) urinary levels were positively associated with the degree of renal tubular 
injury. In conclusion, age, pathological type, renal tubulointerstitial damage, and RBP urinary level 
were related to the therapeutic effect of glucocorticoid treatment in adults and children with PNS.
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insufficiency, respiratory failure or hematological 
diseases; (v) patients with severe complications, such as 
severe infections, uncontrollable hypertension or deep 
venous thrombosis; (vi) patients with poor compliance or 
mental disorders. 

Hormone therapy
After routine examination to exclude contraindications 

of hormone use, the subjects received prednisone 2 mg/kg ▪ 
day, orally, divided into 3 doses per day. The glucocorticoid 
therapy was associated with calcium carbonate D3 one 
tablet per day (morning), diet management and heparin 
as anticoagulant.

Observation indexes
The effect of glucocorticoid treatment was 

evaluated by the following outcomes: total urine 
protein, biochemical parameters, blood cytology, blood 
coagulation and histopathological findings. Total urine 
protein was measured by IQ200 series automatic urine 
analyzer (Beckman Coulter, USA) 24 h before and 8 
weeks after hormone treatment. Biochemical parameters 
determined by Architect c8000 biochemical analyzer 
(Abbott Diagnostics, USA) included: blood urea nitrogen 
(BUN), Creatinine (Cr), Triglycerides (TG), cholesterol 
(CH), Total protein (TP), Albumin (ALB), complement 3 
(C3), and complement 4 (C4). 

Retinol binding protein (RBP) levels in the urine were 
determined using RBP Urinary Competitive ELISA Kit 
(Thermo Scientific, USA).

Before renal biopsy routine tests were performed for 
blood cytology (DxH800 hematology analyzer, Beckman 
Coulter, USA), blood coagulation (PUN-2048 series 
semi-automatic coagulation analyzer, Beijing Perlong 
New Technology, China) and cardiopulmonary function 
(Cardiopulmonary function instrument, Shanghai Slpoo 
Medical Equipment, China). After the renal tissue 
sampling, the samples were prepared for light microscopy, 
electron microscopy and immunofluorescence. The renal 
disease was divided based on immunofluorescence into 
glomerular minor lesion (GML), mesangial proliferative 
nephritis (MPGN), membranous nephropathy (MN), focal 
segmental sclerosing glomerular inflammation (FSGS), 
IgA nephropathy (IgAN), sclerosing glomerulonephritis 
(SGN). 

The evaluation of the degree of renal tubulointerstitial 

sensitive PNS and hormone resistant PNS. Hormone 
resistant PNS can easily progress towards end stage 
renal failure (ESRF), which is difficult to treat (5). 
Therefore, early diagnosis and early treatment with 
hormonal therapies for delaying the progression of 
PNS into ESRF are critical in renal disease. There 
are many factors that influence the response to 
hormonal therapy. Therefore, in order to understand 
the influence of various factors of the therapeutic 
effect in PNS, this study proposed to analyze the 
impact of age, renal injury and other factors relative 
to the response to hormonal therapy in PNS.

MATERIALS AND METHODS

Patients
The study included 120 patients from the nephrology, 

internal medicine and pediatrics wards of The Second 
Affiliated Hospital of Qiqihar Medical University between 
March 2014 and October 2017, with clinical primary 
nephrotic syndrome (PNS) who underwent renal biopsy. 
The clinical diagnosis of primary nephrotic syndrome was 
based upon Diagnostic Criteria of Nephrotic Syndrome. 
The patients were divided according to age into a child 
group (40 cases, aged 0~17 years) and an adult group (80 
cases, aged over 18 years). The study was approved by 
the Ethics Committee of The Second Affiliated Hospital 
of Qiqihar Medical University and all subjects included 
in the study signed an inform consent to participate in the 
study or informed written consent was given by the family 
or guardian.  

Inclusion criteria: (i) meeting the diagnostic criteria of 
PNS; (ii) age 0-65 years; (iii) signing the consent to use 
glucocorticoids and received regular hormone therapy; 
(iv) the control group included subjects with normal renal 
function (normal serum creatinine, urea nitrogen, etc., 
creatinine clearance rate greater than 60 ml/min or no 
obvious abnormal renal B-mode ultrasound. Exclusion 
criteria: (i) those who do not meet the inclusion criteria; 
(ii) patients with systemic diseases such as lupus nephritis, 
obesity-related glomerulopathy and paraproteinemia who 
do not have obvious clinical symptoms at the initial stage 
or for which the staging of renal disease was not easily 
established by laboratory examination after consent to 
renal biopsy; (iii) pregnant or lactating women; (iv) 
patients with serious primary diseases, such as cardiac 
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glomerulonephritis form and mesangial proliferative 
nephritis, the correlation was strong both in adults 
and children.

Relationship between the degree of renal 
tubulointerstitial damage and the sensitivity to 
glucocorticoids 

We observed a significant difference of the 
glucocorticoid sensitivity between the four degrees of 
renal tubulointerstitial damage (P<0.05). The level of 
urinary RBP and the degree of renal tubulointerstitial 
damage were positively correlated with sensitivity 
to glucocorticoid treatment (P<0.05). For all degrees 
of renal injury, the RBP urinary levels were higher 
in hormone resistant PNS compared with hormone 
sensitive PNS (P<0.05) (Table I). 

Relationship between the protein content of urine 
and the sensitivity to glucocorticoids

There was a significant difference in the total 
amount of 24-h urine protein before and after the 
treatment in the hormone-sensitive group (P<0.05). 
There was no significant difference in the total 
amount of 24-h urine protein before and after 

injury was based on the semi-quantitative method 
described by Abe et al. (6). The renal injury was staged 
into four grades: no damage, slight damage (damage 
area<20), moderate damage (damage area in 20%~50%) 
and severe damage (damage area >50%). 

Statistical analysis 
The data obtained in this study was processed using 

SPSS19.0 software. The continuous variables were 
expressed in the form of mean ± standard deviation. 
Differences between groups of patients were analyzed 
used Chi-squared test for count data, and analysis of 
variance (ANOVA) or independent samples Student’s 
t-test for continuous data. Correlation analysis was 
performed by Spearman Rank correlation method. A 
statistically significant difference between groups was 
considered when P<0.05. 

RESULTS

Distribution of pathotypes 
The relationship between the degree of renal 

tubulointerstitial injury and the sensitivity to 
hormone treatment is shown in Fig.1. In the 

Fig. 1. Distribution chart of sensitivity to hormone treatment in various pathological types of PNS.  GML: glomerular 
minor lesion, MPGN: mesangial proliferative glomerulonephritis, MN: membranous nephropathy, FSGS: focal segmental 
sclerosing glomerular inflammation, IgAN: IgA nephropathy, SGN: sclerosing glomerulonephritis



430

Table I. Comparison of the relationship between urine RBP and 24-h total urine protein before and after the treatment 
and hormone sensitivity in PNS patients. 

Adults Children

Hormone 
sensitive
(n=27)

Hormone 
resistant
(n=13)

P
value

Hormone 
sensitive
(n=50)

Hormone 
resistant
(n=30)

P
value

No damage

Cases 21 2

0.031*

10 1

RBP(mg/L) 0.36±0.19 0.97±0.67 0.31±0.23 1.18±0.85

#P value - - - -

@P value - - - -

Slight damage

Cases 21 18

0.026*

13 7

RBP(mg/L) 1.19±0.87 3.03±1.02 1.09±1.32 3.21±1.23

#P value >0.05 0.001* 0.043* 0.014*

@P value 0.033* 0.041* 0.032* 0.028*

Moderate damage

Cases 7 9

0.023*

3 3

RBP(mg/L) 2.96±2.02 4.85±2.12 2.03±1.53 3.62±1.34

#P value 0.008* 0.003* 0.003* 0.022*

@P value 0.025* 0.028* 0.027* 0.015*
Severe damage

Cases 1
1

0.031*

1 2

RBP(mg/L) 0.36±0.19
5.84±3.04

3.38±2.13 4.98±1.67

#P value 0.001*
0.036*

0.001* 0.034*

@P value 0.007*
0.011*

0.012* 0.009*

All cases 24 h TUP BT 
(mg/L) 4782±3581 5334±3465 3812±2024 3487±2132

24 h TUP AT 
(mg/L) 1302±1536 4753±3246 1065±632 3261±1016

ŦP value 0.024* 0.082 0.034* 0.263

Note: # indicates that the group is compared with the group with normal renal tubular structure; @difference between 
levels before and after hormonal treatment; Ŧdifference between levels before and after hormonal treatment; 
*significant difference, P<0.05.PNS: Primay nephrotic syndrome, RBP: Retinol binding protein (RBP), 24-h TUP 
BT: levels of 24-h total urine protein before hormonal treatment, 24-h TUP AT: levels of 24-h total urine protein 
after hormonal treatment.  
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to racial differences (7). The hormone sensitivity of 
these two pathotypes was relatively higher, which 
could be related to the mild pathological changes 
and relatively good curative effect. The proportion 
of GML in hormone-sensitive children was lower 
than that in hormone-sensitive adults. This may be 
due to the transformation of this pathotype into focal 
segmental glomerulonephritis, thus affecting the 
efficacy of hormone (8), but the prognosis is quite 
good in this case. In the hormone-resistant group, the 
adult main pathotypes were FSGS, MN and GML, as 
in other reports (9). The main pathotypes in children 
were MPGN and IgAN. 

The current study found that the sensitivity to 
glucocorticoid hormonal treatment was directly 
proportional with the degree of tubule-interstitial 
injury (P<0.05). This could be related to the 
induction of cytokine production (9, 10). RBP is a 
small molecule protein, with a normal low urinary 
level that increases when the tubular reabsorption 
is blocked (11), making it a good biomarker for the 

treatment in the hormone-resistant group (P>0.05) 
(Table I). 

Comparison of biochemical parameters, C3, 
and C4 before treatment with the sensitivity to 
glucocorticoids

In adult hormone treatment-sensitive patients 
there was a significant increase of BUN and a mild 
decrease of cholesterol (P<0.05), and in children 
a significant increase of total protein in hormone-
sensitive patients. There was no significant difference 
in the rest of the biochemical parameters and C3 and 
C4 levels in adults and children before treatment 
between the hormone-sensitive group and hormone-
resistant group, respectively (P>0.05) (Table II). 

DISCUSSION

In our study, the main pathotypes in adults and 
children are GML and MPGN. Our data was different 
from the results of other studies, that could be related 

Table II. Biochemical and immunological parameters in adults and children before treatment. Blood urea nitrogen 
(BUN), Cr (Creatinine), TG (Triglycerides), cholesterol (CH), TP (Total protein), ALB (Albumin), complement 3 (C3), 
and complement 4 (C4).

Categories

Children Adult

Hormone 
sensitive
(n=27)

Hormone 
resistant
(n=13)

P
Hormone 
sensitive
(n=50)

Hormone 
resistant
(n=30)

P

ALB(g/L) 19.24±8.23 21.88±8.02 0.335 19.64±6.67 20.67±7.22 0.519

BUN(mmoL/L) 5.41±4.35 5.24±4.17 0.907 39.35±31.32 8.87±5.32 <0.001

C3(g/L) 1.18±0.32 1.10±0.16 0.402 1.04±0.06 1.01±0.31 0.507

C4(g/L) 0.23±0.08 0.24±0.09 0.724 0.26±0.07 0.28±0.11 0.323

Cr(μmoL/L) 54.65±35.12 61.43±43.52 0.600 101.36±70.23 115.02±71.41 0.405

CH(mmoL/L) 9.11±3.54 8.92±3.13 0.870 10.61±5.52 15.03±11.20 0.021

TG(mmoL/L) 2.49±1.21 2.28±1.13 0.6028 2.76±2.01 2.82±2.10 0.899

TP(g/L) 41.31±8.35 24.76±8.78 <0.001 42.09±9.24 42.13±8.73 0.985
Note: *levels before treatment significantly differed compared with levels after treatment, P<0.05. BUN: blood urea 
nitrogen; Cr: creatinine; TG: Triglycerides; CH: cholesterol; TP: total protein; ALB: albumin; C3: complement 3; C4: 
complement 4
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primary nephrotic syndrome. Exp Ther Med 2015; 
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evaluation of renal tubulointerstitial damage. Our 
study confirmed this hypothesis. In addition, the 
current study showed that in adults and children, the 
total proteins in 24-h urine decreased significantly 
after treatment in hormone-sensitive PNS patients, 
while in resistant PNS patients no changes were 
observed. 

This study only assessed the physiological 
changes of patients with nephrotic syndrome before 
and after glucocorticoid treatment, but the underlying 
mechanism needs further research.
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to unknown causes and is called cryptogenic 
ischemic stroke (CS) (3, 4), and accounts for 30-40% 
of all strokes. Etiotropic and effective prevention 
and treatment can be carried out if the pathogenesis 
is definite (5).

It was found that patients with patent foramen 
ovale (PFO) had significantly higher risk of diseases 

To the Editor,
Ischemic stroke has become one of the major 

diseases threatening the health of human because of 
its constantly escalating incidence, high disability 
rate, fatality rate and increasingly higher incidence 
among young people (1,2). Stroke which is not 
induced by common pathogenic factors is attributed 

Key words: cryptogenic ischemic stroke; patent foramen ovale; diffusion weighted imaging

Cryptogenic ischemic stroke (CS) is an important risk factor for the death and disability of young 
and middle-aged individuals. With the constant development of clinical medicine, it was found that 
patients with patent foramen ovale (PFO) have apparently higher risks of stroke than healthy people. 
Many scholars and some clinical scientists consider PFO as the main cause of stroke of unknown origin 
occurring in young and middle-aged. This study aimed to investigate the correlation between PFO and 
cryptogenic ischemic stroke and analyze the characteristics of cerebral Diffusion-weighted magnetic 
resonance imaging (DW-MRI) of CS patients with PFO. One hundred and sixty-two young and middle-
aged patients with CS who were admitted to our hospital between June 2014 and December 2016 were 
selected. They were divided into a CS-PFO positive group (n = 106) and a CS-PFO negative group (n 
= 56) according to the results of contrast echocardiography of the right heart and transesophageal 
echocardiography. The results demonstrated that the percentage of CS patients with PFO was 
significantly higher than that without PFO, but the baseline data of the two groups had no significant 
difference (P>0.05). The results of DWI suggested that infarct lesions of the CS-PFO negative group 
were mainly located in the cortex and sites which were more than 15 mm below the cortex compared to 
the CS-PFO positive group, and the difference was statistically significant (P<0.05). Regarding vascular 
distribution, infarct lesions of the two groups mainly located at the middle cerebral arteries (MCA), 
but the difference had no statistical significance (P>0.05). Thus, it is concluded that PFO may be an 
important pathogenic factor for CS patients, infarct lesions of patients with CS and PFO mainly locate 
at the sites which were more than 15 mm below the cortex, and paradoxical embolism may be the most 
probable pathogenesis of PFO-induced cerebral infarction.
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Detection methods
All the subjects underwent right heart contrast 

echocardiography and transesophageal echocardiography. 
Echocardiography and vascular ultrasound: 

Philips I E33 diasonograph was used for transthoracic 
echocardiography (M3S phased array probe, 1.5~4 MHz) 
and TEE (X7-2 matrix array probe, 2~7 MHz). Cervical 
vascular ultrasonic examination was performed using 
Philips IU22 diasonograph (linear array probe, 3~9 
MHz). TEE finished within one week after attack. Before 
examination, the existence of foramen ovale and its size 
were observed in double atriums and four-chamber view 
after oral mucosal anesthetic was used. The examination 
results were divided into negative and positive. The main 
examination content included the existence of PFO, atrial 
septal aneurysm (ASA) and left atrial and auricle thrombus 
and relevant measurement. PFO was classified into three 
types, i.e. large PFO with a diameter no smaller than 4 
mm, medium PFO with a diameter between 2 mm and 3.9 
mm and small PFO with a diameter smaller than 2 mm, 
according to the diameter of foramen (2). The diagnostic 
criterion for ASA was lengthy and thin interatrial septum 
protruding to the right and right atriums or the sum of 
swing height of the two atriums larger than 11 cm.

Right heart contrast echocardiography: Saline 
microbubble contrast agent was prepared. Two 10-ml 
injectors were taken: one extracted 8 mL of normal saline, 
and the other extracted 1 mL of air. They were connected 
with two ports of a three-way valve respectively, and 
another port was connected with a 7 gauge scalp needle. 
After elbow venous puncture, 1 mL of venous blood was 
extracted from each subject and transferred to the injector 
which contained 8 mL of normal saline. After the three-
way rotary knob was adjusted, the mixture was pulled into 
the injector which contained 1 ml of air. Then it was pushed 
back and forth rapidly for 15 times to make the blood, 
normal saline and air fully mixed. Right heart contrast 
echocardiography started after the mixture was rapidly 
injected via the elbow vein. During Valsalva manoeuvre, 
saline microbubble contrast agent was injected via the 
elbow vein. The existence of PFO was confirmed if there 
was more than three microbubbles in four cardiac cycles 
after the imaging of the right atrium (9).

Diffusion-weighted magnetic resonance imaging (DW-MRI) 
All the patients underwent cerebral MRI and DWI 

such as cerebral infarction and migraine compared to 
healthy people (6~8). One study regarding whether 
PFO can induce CS (9) suggested that the incidence 
of CS among young people aged 15-45 years 
increased from 8.3% to 64.2%. Therefore some 
scholars assumed that PFO might be correlated to CS. 
Diffusion-weighted imaging (DWI) is recognized 
as having high specificity and sensitivity in the 
diagnosis of acute ischemic stroke. However, the 
imaging characteristics of PFO-related cryptogenic 
cerebral infarction are controversial. It is not clear 
whether the category and characteristics of infarction 
of CS patients with PFO are different from those of 
infarction induced by large artery atherosclerosis 
or small artery occlusion. Therefore this study 
investigated the correlation between PFO and CS 
and analyzed whether the imaging characteristics of 
infarct lesions of patients with or without PFO had 
statistical differences. This study aimed to provide 
an assistance for the clinical diagnosis and treatment 
of young people with CS.

MATERIALS AND METHODS

Research subjects
One hundred and sixty-two young and middle-aged 

patients who were diagnosed with cryptogenic stroke and 
admitted to hospital between June 2014 and December 2016 
were selected as research subjects. The included patients 
satisfied the Guidance for the Diagnosis and Treatment of 
Acute Ischemic Stroke of China (2010), were definitely 
diagnosed by head computed tomography (CT) or 
Magnetic Resonance Imaging (MRI), and were classified 
as cryptogenic stroke according to Trial of Origin Acute 
Stroke Treatment (TOAST) subtyping after admission. 
Those who had atherosclerotic cerebral infarction, small 
vascular cerebral infarction and cardiogenic embolism 
which was not induced by PFO according to TOAST 
subtyping, cerebral hemorrhage, cerebral arteritis, severe 
impairment of the heart, liver and kidney, hematological 
diseases, malignant tumors or lacunar infarction which 
was highly suspected being induced by microangiopathy 
were excluded. This study was reviewed and approved 
by the ethics committee of Luoyang Center Hospital 
Affiliated to Zhengzhou University, Henan, China, and all 
the research subjects signed informed consent.
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Statistical analysis
Data were statistically analyzed using SPSS ver. 

20.0. Enumeration data were expressed by number and 
percentage; comparison between groups was performed 
using chi-squared test. Measurement data were expressed 
as mean ± standard deviation (SD); comparison between 
groups was performed using t-test. P<0.05 indicated that 
the difference had statistical significance.

RESULTS

Comparison of clinical data between the two groups
A total of 163 patients with cryptogenic stroke 

were included, of whom 106 (65.43%) were found 
having PFO by right heart contrast echocardiography 
and transesophageal echocardiography, and 56 
patients (34.57%) had no PFO. The difference 
of number of patients with and without PFO had 
statistical significance (c2=5.364, P<0.05). A typical 
case is shown in Figs. 1 and 2. The statistical analysis 
suggested no significant difference between patients 
with and without PFO in age, gender, vascular risk 
factors and National Institutes of Health Stroke 
Scale (NIHSS) score which was used for evaluating 
the severity of stroke (P>0.05, Table I).

analysis within one week after admission. Signa 1.5 
Tesla superconducting scanner (GE company, USA) 
was used. Gradient field was 200 mT/m; DWI adopted 
single-shot echo planner imaging (EPI) sequence, and 
diffusion sensitivity coefficient was 1000 s/mm2; pulse 
repetition time/time of echo = 10000/20 ms, the size of 
matrix was 128 × 128; the thickness of layer was 5 mm; 
the spacing was 0, and the number of excitation was 1. 
Two experienced radiologists made double-blind analysis 
on all the imaging data, and the results were unified after 
discussion. The distribution and area of infarct lesions of 
different patients were mainly analyzed. Infarct lesions 
were divided into single infarct lesions including cortical 
infarct lesions and cortical-subcortical infarct lesions 
(less than 15 mm under the cortex) or cortical-subcortical 
infarct lesion (more than 15 mm under the cortex) and 
multiple infarct lesions including small diffused infarct 
lesions and large fused infarct lesions, i.e., multiple infarct 
lesions in the vascular dominance area (unilateral anterior 
cerebral circulation artery, unilateral cerebral posterior 
circulation artery, anterior cerebral artery, middle cerebral 
artery, posterior cerebral artery, anterior choroid artery, 
superior cerebellar artery, anterior inferior cerebellar 
artery and posterior inferior cerebellar artery involved 
simultaneously) according to DW-MRI results. 

Table I. Clinical data between the two groups.

Baseline data CS-PFO positive 
group

CS-PFO negative 
group t/X2 P

Age (years) 44.81±5.73 44.76±5.37 0.754 >0.05

Gender (male) 89(84.0%) 45(80.4%) 0.542 >0.05

Hypertension 42(39.6%) 25(44.6%) 0.731 >0.05

Hyperlipidaemia 19(17.9%) 9(16.1%) 0.106 >0.05

Diabetes 10(9.4%) 6(10.7%) 0.084 >0.05

Smoking 12(11.3%) 6(10.7%) 0.619 >0.05

ASA 3(2.8%) 0(0%) 0.141 >0.05

Arrhythmia 6(5.7%) 1(1.8%) 0.739 >0.05

Coronary heart disease 20(18.9%) 10(17.8%) 0.621 >0.05

NIHSS (point) 3.44±2.83 4.20±3.18 0.946 >0.05
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the cortex (23.2%), and 9 patients had lesions in the 
cortex and the site which was no less than 15 mm 
under the cortex (16.1%). Lesions in the CS-PFO 
positive group were mainly single lesions which 
involved the cortex and the site which was no less 
than 15 mm under the cortex, and the difference 
between the two groups had statistical significance 
(c2=7.169, P<0.05). The two groups had no 
significant difference in distribution characteristics 
of multiple infarct lesions in cerebral anterior and 
posterior circulation (Table II).

Distribution area of infarct lesions in DWI
The infarct lesions of the CS-PFO negative 

and positive groups mainly located in the middle 

Distribution characteristics of infarct lesions on 
DWI

The percentage of single infarct lesions was 
higher than that of multiple infarct lesions in the 
CS-PFO positive group; fifteen patients had single 
infarct lesions in the cortex (14.2%), 14 had single 
infarct lesions in the cortex and the site which was 
less than 15 mm under the cortex (13.2%), and 45 
patients had single infarct lesions in the cortex and 
the site which was no less than 15 mm under the 
cortex (42.4%). The percentage of single infarct 
lesions was close to that of multiple infarct lesions 
in the CS-PFO negative group; 7 patients had lesions 
in the cortex (12.5%), 13 patients had lesions in the 
cortex and the site which was less than 15 mm under 

H. WANG ET AL.

Table II. Distribution characteristics of infarct lesions on DWI, n(%).

Group CS-PFO positive group CS-PFO negative group

Single 
infract 
lesions

Cortical 15(14.2) 7(12.5)

Corticosubcorti-cal < 15 mm 14(13.2) 13(23.2)

Corticosubcorti-cal ≥ 15 mm 45(42.4)* 9(16.1)

Multiple 
lesions

Unilateral AC 16(15.1) 9(16.1)

Unilateral PC 1(1.0) 4(7.1)

Bilateral AC 6(5.7) 5(8.9)

Bilateral PC 3(2.8) 2(3.6)

Anterior and posterior circulations 8(7.5) 7(12.5)
* P<0.05 comparing to the CS-PFO negative group

Table III. Vascular distribution area of infarct lesions, n(%).

Group CS-PFO positive group CS-PFO negative group

Middle cerebral artery 69(65.1) 30(53.4)

Anterior cerebral artery 8(7.5) 1(1.8)

Anterior choroidal artery 3(2.8) 4(7.1)

Posterior cerebral artery 10(9.4) 9(16.1)

Basilar artery 8(7.5) 5(8.9)

Inferior cerebellar artery 0 0

Superior cerebellar artery 7(6.6) 3(5.4)

Middle cerebellar artery 1(1.0) 4(7.1)
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patients, suggesting that PFO might be an important 
pathogenic factor in patients with cryptogenic stroke. 
The results of this study also showed that the infarct 
lesions of the CS patients with PFO were mainly 
single lesions located in the subcortical layer (≥ 15 
mm), which was consistent with previous research 
conclusions (12). These single infarct lesions were 
mainly located in the anterior circulation and most 
lesions of the two groups located in the middle 
cerebral artery region.

In conclusion, the risk of cerebral stroke in 
patients with PFO is significantly higher than that 
in normal subjects. Lesions of CS-PFO patients are 
mainly single lesions in the site which is no less than 
15 mm under the anterior cerebral circulation cortex. 
Paradoxical embolism may be the most likely 
pathogenesis of PFO-induced cerebral stroke.
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cerebral artery, but the vascular distribution of the 
infarct lesions in the two groups had no significant 
difference (Table III).

DISCUSSION

With the improvement of detection rate of PFO, 
PFO is considered as an important cause for patients 
with cryptogenic stroke, and it is assumed that its 
pathogenesis was that embolus of the venous system 
directly enters the left atrium-left ventricle-arterial 
circulation system via the abnormal channel, PFO, 
i.e., paradoxical embolism (10). The main purpose 
of this study was to analyze the correlation between 
CS and PFO and to explore the DW-MRI features 
of cryptogenic stroke-associated PFO by comparing 
the differences of infarct lesions between the CS-
PFO positive group and CS-PFO negative group. 
To make results more reliable, right heart contrast 
echocardiography combined with transesophageal 
echocardiography was used in the diagnosis of PFO, 
which is more stringent than the previous study (11). 
Finally it was found that CS-PFO positive patients 
were significantly more than CS-PFO negative 

Fig. 1. Right heart contrast echocardiography suggested a 
large number of microbubbles in the left atrium, indicating 
the presence of PFO,

Fig. 2. Transesophageal echocardiography suggested 
PFO (the diameter of foramen ovale: 1.9 mm).
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To the Editor,
Acute coronary syndrome (ACS) is a clinically 

serious type of coronary heart disease (CHD), which 
is usually caused by severe stenosis in the coronary 
artery (1). When the level of platelet activity increases, 
secondary platelet aggregation or thrombosis leads 
to a sharp increase in lumen stenosis (2). It has been 
shown that inflammatory factors, hyperlipidemia, 
hyperglycemia and other factors induce vascular 
endothelial damage and stimulate the activation, 

aggregation and thrombosis of platelets, the main 
pathophysiological mechanisms involved in ACS 
(3-5). ACS needs to be treated with an anti-platelet, 
anti-coagulation, or timely interventional therapy or 
a drug therapy (6). Although PCI has shown great 
clinical benefits in ACS patients, there is a risk of 
stent thrombosis after the treatment, therefore, an 
adequate anti-platelet therapy is required (7).

Currently, aspirin combined with P2Y12 receptor 
inhibitor is more effective in reducing the probability 

Key words: ticagrelor; clopidogrel; VASP; acute coronary syndrome; platelet aggregation function

In this study, phosphorylation levels of vasodilator stimulated phosphoprotein (VASP) were detected 
by flow cytometry (FCM) to investigate the effects of ticagrelor and clopidogrel on platelet aggregation 
function (PAF) after percutaneous coronary intervention (PCI) in patients with acute coronary syndrome 
(ACS). Eighty patients with ACS treated by PCI were enrolled in this study. They were randomly divided 
into a ticagrelor group (group A, 40 cases) and clopidogrel group (group B, 40 cases). The levels of VASP 
phosphorylation in platelets were measured with FCM before drug treatment and at 24 hours, 7 days and 
1 month after PCI treatment. In addition, the platelet reactivity index (PRI) was calculated and recorded, 
while the incidence of major adverse cardiovascular events (MACE) and bleeding events within 1 month 
after PCI intervention in the two groups was analyzed. The results showed that the PRI of group A was 
significantly lower than that of group B at 24 hours, 7 days and 1 month after PCI intervention (P<0.001). 
Significant difference was observed in the PRI of the two groups before drug treatment and at 24 hours, 
7 days and 1 month after PCI intervention (P<0.001). The overall mean values of PRI between the two 
groups were also significantly different (P < 0.001). Furthermore, the percentage of PRI ≥ 50% in group 
A at different time points was significantly lower than that of group B (P<0.01). Nevertheless, there was 
no significant difference between the two groups in terms of the incidence of MACE and bleeding events 
within 1 month after PCI (P>0.05). In conclusion, compared to clopidogrel, ticagrelor reduces PAF more 
strongly and faster, which effectively reduced recurrence of post-PCI intervention ischemic cardiovascular 
events without increasing the risk of bleeding during a short period.
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severe trauma, shock or active bleeding in the previous 4 
weeks; hypertension was not controlled (systolic pressure 
> 180 mmHg or diastolic pressure > 110 mmHg); those 
who had an arrhythmia, and the New York Heart Function 
Rating (NYHA) grade IV; those who suffered from 
severe liver insufficiency (glutamic-pyruvic transaminase 
reached more than 2 times the normal upper limit), severe 
renal insufficiency (requiring dialysis), and malignant 
tumors; pregnant and lactating women; patients taking 
drugs within one month prior to admission that may 
affect platelet function; those who took drugs affecting 
the activity of CYP enzyme within 3 months prior to 
admission; those who had serious multiple coronary 
artery stenosis or acute myocardial infarction requiring 
coronary artery transplantation; those who underwent 
surgery in February, 2017; those who underwent blood 
vessel surgery within 2 weeks; those who suffered from 
tumor and autoimmune diseases and hence had a higher 
risk of bleeding; those who suffered from organ failure, 
severe anemia, thrombocytopenia, or severe diseases of 
the blood system; those who had refractory hypertension 
with blood pressure higher than 180/110 mmHg after drug 
treatment; those who were allergic to drugs; those who 
had active peptic ulcer or ulcerative colitis; those who 
had history of moderate to severe cerebral hemorrhage or 
extensive cerebral infarction in the previous six months.

Definition of general characteristics
Diagnosis of hypertension: the blood pressure of 

subjects was measured twice or multiple times on different 
days during rest, which showed a systolic blood pressure 
(SBP) of ≥140 mmHg and/or diastolic blood pressure 
(DBP) of ≥90 mmHg. In addition, the subjects had history 
of hypertension.

Diagnosis of diabetes mellitus: a fasting plasma 
glucose (FPG) level of ≥ 7.0 mmol/L, a blood glucose 
level of ≥ 11.1 mmol/L at 2 h after food intake, and a 
random blood glucose level of ≥ 11.1 mmol/L along with 
clinical symptoms of hyperglycemia or hyperglycemia 
crisis.

Diagnosis of hyperlipidemia: triglyceride (TG) of ≥ 
2.27 mmol/L; total cholesterol (TC) of ≥ 6.19 mmol/L; 
high-density lipoprotein (HDH-c) of ≤ 1.04 mmol/L; and 
low-density lipoprotein (LDL-c) of ≥ 4.14 mmol/L (11).

Smoking history: No less than 10 cigarettes per day 
on average that continued for more than half a year. If the 

of ischemic cardiovascular events after PCI 
intervention than aspirin alone (8). P2Y12 receptor 
inhibitors include thienopyridines and cyclopentyl 
triazolopyrimidine. Ticagrelor reversibly binds 
to the P2Y12 receptor, thereby blocking the 
adenosine diphosphate (ADP) pathway to inhibit 
platelet aggregation (9, 10). Therefore, FCM was 
employed in this study to measure levels of VASP 
phosphorylation to investigate the effect of ticagrelor 
on post-PCI platelet aggregation function (PAF) on 
ACS patients. In addition, the incidence of MACE 
and bleeding events was analyzed to optimize the 
application of post-PCI anti-platelet therapy in ACS 
patients.

MATERIALS AND METHODS

Patients 
A total of 80 patients, initially diagnosed as ACS 

by coronary angiography and who underwent PCI 
between April 2017 and June 2018 in the Department 
of Cardiovascular Medicine at The Second Hospital of 
Dalian Medical University, were enrolled in this study. 
Patients and their families signed the informed consent 
and were able to insist on the review and follow-up with 
complete data. The study was approved by the Ethics 
Committee of The Second Affiliated Hospital of Dalian 
Medical University.

Inclusion criteria: ACS diagnosis was conformed 
to the ACS diagnostic criteria (11), including unstable 
angina pectoris (UAP), non-ST segmental elevation 
myocardial infarction (NSTEMI), and ST segment 
elevation myocardial infarction (STEMI); the patient 
had at least one stenosis in the coronary arteriography 
requiring PCI treatment; the patient first developed the 
disease and successfully completed PCI treatment within 
12 hours; age, 35-75 years; the patients were treated for 
the first time and had not been taking any drugs within 
one month prior to admission that could affect platelet 
aggregation; the patients had at least one stenosis in the 
coronary artery requiring PCI treatment. 

Exclusion criteria: patients taking glucocorticoids 
and non-steroidal anti-inflammatory drugs for nearly 2 
weeks; those who had contraindications for ticagrelor or 
clopidogrel, such as abnormal coagulation, peptic ulcer, 
aortic dissection; those who had undergone surgery, or had 
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placed in a plastic tube containing 0.109 M sodium citrate 
(anticoagulation ratio, 9:1). The collected samples were 
stored at 18-25°C. Phosphorylation of platelet VASP in 
both groups was detected by Shanghai Bogoo Biological 
Technology Co., Ltd according to the manufacturer’s 
instructions.

Three flow test tubes were selected and labeled as T1, 
T2 and T3. PGE1 (prostaglandin E1) was added to test 
tube T1, while PGE1 + ADP was added to test tubes T2 
and T3; 10 mL of whole blood was then added to test tube 
T1, T2, and T3, which was then vortexed and warmed for 
10 min. A stationary liquid was added to T1, T2, and T3, 
and the mixture was stirred and then warmed for 5 min. 
Mouse monoclonal antibody + permeabilization liquid 
were then added to T1 and T2, while a negative quality 
control antibody + permeabilization liquid were added to 
T3 before the mixture was stirred and warmed up. The 
staining reagent was then added to T1, T2, and T3, and the 
specimens were stored at 2-8°C after the treatment. The 
phosphorylation level of platelet VASP in each tube was 
analyzed by flow cytometry within 2 h, and the “updated” 
values of mean fluorescence intensity (MFI) in T1, T2, 
and T3 were recorded. PRI was calculated according to 
the following formula:

MFIc(PGE1)=MFIc(T1)=MFI(T1)-MFI(T3)

MFIc(PGE1+ADP)=MFIc(T2)=MFI(T2)-MFI(T3)

PRI=[(MFIc(PGE1)-MFIc(PGE1+ADP))/MFIc(PGE1)]*100%
The phosphorylation levels of VASP in both groups 

were measured at 24 h, 7 days and 1 month after PCI, 
respectively, and the PRI was calculated and recorded 
accordingly. PRI ≥ 50% indicates an increased risk of 
ischemia. Therefore, if PRI is < 50%, the aggregation of 
platelets can be effectively inhibited. In contrast, a PRI 
value of < 16% indicates a possible risk of bleeding (12).

Follow-up
The occurrence of MACE events (myocardial 

infarction, angina pectoris, stent thrombosis, stroke 
and death), major bleeding events (hemorrhage in the 
digestive tract, hemoglobin decreased by more than 3 g/
dL, transfusion of 2-3 units of whole blood or red blood 
cells due to bleeding, or cerebral hemorrhage), and 
secondary bleeding events (hematoma at the puncture 
site, skin ecchymosis, oral gingival bleeding or nasal 
bleeding with a necessity of tamponade treatment) within 
1 month after PCI were recorded, and compared between 

Body mass index (BMI) value of a subject was ≤ 18.5, 
the weight of the subject was considered to be too light. If 
the BMI value of a subject ranged from 18.5 to 24.99, the 
weight of the subject was considered normal. If the BMI 
value of a subject was 25-28, the subject was considered 
overweight. If the BMI value of a subject was 28-32, 
the subject was considered obese. If the BMI value of a 
subject was ≥ 32, the subject was considered extremely 
obese.

 Coronary TIMI blood flow: the blood flow of infarct-
related vessels during acute myocardial infarction, which 
was divided into 4 levels by coronary arteriography. TIMI 
level 0: no perfusion, that is, no forward flow (contrast 
agent) filling at the occlusion site and the distal end. 
TIMI level I: micro-perfusion, that is, the contrast agent 
passed through the occlusion site, but at any time there 
was no forward blood flow through the distal vessel of 
the occlusion segment. TIMI level II: partial perfusion, 
contrast agent passed through the occlusion segment 
and reached the distal vessel, but its filling rate was 
significantly slower than normal vessels. TIMI level III: 
complete perfusion, the forward blood flow filled the 
distal blood vessels quickly and completely.

Grouping and treatment
Eighty subjects were randomly divided into a ticagrelor 

group (group A, 40 cases) and a clopidogrel group (group 
B, 40 cases). All patients were given subcutaneous injection 
of low molecular weight heparin (70 UI/Kg) twice a day, 
10 mg of rosuvastatin calcium tablets once a day, and 40 
mg of isosorbide mononitrate once a day. Hypertension and 
diabetes were treated accordingly. The injection of tirofiban 
was given after the PCI operation: patients in group A were 
given 180 mg of ticagrelor and 300 mg of aspirin enteric-
coated tablets initially, followed by 90 mg of ticagrelor 
twice a day and 100 mg of aspirin enteric-coated tablets 
once a day. Patients in group B were also given 300 mg 
of clopidogrel and 300 mg of aspirin enteric-coated tablets 
initially, followed by 75 mg of clopidogrel once a day and 
100 mg of aspirin enteric-coated tablets once a day. Patients 
in both groups were given corresponding oral medications 
for at least 12 months.

Steps and methods of the test
Blood samples were taken from each patient and 
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RESULTS

General clinical data
There was no significant difference in the baseline 

data between the two groups (P>0.05), as shown in 
Table I. The imaging results showed no significant 
difference between the two groups in terms of 
the number of vascular lesions and the number of 
implanted stents (P>0.05), as shown in Table II.

Levels of VASP phosphorylation 
The flow cytometry histogram of platelets was 

displayed on the flow cytometer by FSLOG×SS 
LOG and FL1 LOG×FL2 LOG, as shown in Fig. 
1A. The phosphorylation region of VASP was 
marked by the resting state T1, the activated state 

the two groups. The patients were followed-up daily 
during hospitalization and once every week by telephone 
after discharge. Finally, the patients were reviewed at the 
outpatient clinic 1 month after discharge.

Statistical analysis
SPSS 22.0 software was used for statistical analysis. 

The measurement data in the study were represented 
by ( sx ± ). PRI at different time points was compared 
between the two groups using the independent sample 
t-test. In addition, categorical variables were expressed 
as percentage (%) and evaluated using c2 test or Fisher’s 
exact test. PRI was compared between the two groups 
by repeated measures analysis of variance, while PRI at 
different time points was compared by using one-way 
ANOVA. P <0.05 was considered statistically significant.

Table I. Comparison of baseline data between the two groups
Category Group A Group B P value

Age (years) 59.14±8.22 58.79±7.38 0.98

Gender (male/female) 29/11 27/13 0.71

BMI (kg/m2) 26.33±2.12 26.45±1.56 0.84

LVEF (%) 53.45±6.37 55.27±6.73 0.19

AST (U/L) 23.65±20.12 24.89±18.54 0.81

ALT (U/L) 22.67±16.08 23.12±13.43 0.90

Creatinine (μmol/L) 95.66±42.18 84.49±33.51 0.36

PLT (109/L) 241.27±50.18 236.92±57.82 0.62

Smoking history (cases) 18 17 0.63

Hyperlipidemia (cases) 27 33 0.15

Hypertension (cases) 22 23 0.61

Diabetes (cases) 22 19 0.66

CHD family history (cases) 8 11 0.43

NSTEMI (cases) 10 8 0.74

UA (cases) 30 32 0.71

β - blocker (cases) 33 32 0.70

Statin (cases) 40 40 1

ACEI/ARB (cases) 27 24 0.45

PPI (cases) 10 14 0.33

Note: CHD: coronary heart disease; NSTEMI: non-ST-segment elevation myocardial; UA: unstable angina; 
ACEI/ARB: angiotensin converting enzyme inhibitor; PPI: proton pump inhibitor; LVEF: left ventricular 
ejection fraction; PLT: platelet; β- blocker was metoprolol succinate sustained-release tablet.
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was an intergroup effect of time on the overall mean 
values of PRI in the two groups (P<0.001).

After PCI intervention, the percentage of subjects 
with a PRI value of ≥ 50% was significantly higher 
in group B than that in group A at different time 
points (P < 0.001). See Table III.

Incidence of MACE and bleeding events within 1 
month after PCI 

Within 1 month after PCI, there was no ischemic 
event in group A, while 4 patients suffered a MACE 
event in group B. However, there was no significant 
difference between the two groups in terms of the 
incidence of MACE (P>0.05). In addition, the 
incidence of bleeding events was higher in group A 
than that in group B, although the difference was not 
statistically significant (P>0.05).

T2 and the negative homogeneity quality control 
T3, respectively, as shown in Fig. 1B. The average 
fluorescence intensity was recorded to calculate the 
PRI of each patient according to the above formula.

The overall mean values of PRI at each time point 
were compared between group A and group B, and there 
was no significant difference before the drug treatment 
(P>0.05). When the overall mean values of PRI at 24 h, 
7 days and 1 month after PCI were compared between 
group A and B, the values in group A were significantly 
lower than those in group B (P<0.001);

There was significant difference between the two 
groups in terms of overall mean values of PRI (P < 
0.001). In addition, significant difference was found 
in the overall mean values of PRI between the two 
groups before the drug treatment and at 24 h, 7 days 
and 1 month after PCI (P<0.001). Furthermore, there 

Table II. Comparison of coronary angiography and intervention.

Category Group A Group B P value

Number of 
vascular lesions 
(cases)

Single-vessel 12 10

0.55Double-vessel 20 18

Triple-vessel 8 12

Number of stents 1.76 ± 0.50 1.84 ± 0.80 0.59

Table III. Comparison of PRI values at different time points between the two groups

Before drug 
treatment

24 hours after 
surgery

7 days after 
surgery

1 month after 
surgery

Group A

PRI (%) 73.02±13.23 25.11±13.57 23.87±12.69 22.62±13.46

PRI ≥ 50% 
(cases) 38 3 2 2

Group B

PRI (%) 75.58±12.15 56.51±13.35* 54.47±12.48* 53.15±11.33*

PRI ≥ 50% 
(cases) 39 30* 26* 12*

Note: *P<0.005, compared with group A.



444

addition, there was no significant difference between 
the two groups in terms of the incidence of major 
adverse cardiovascular and cerebrovascular events. 
However, compared with group B, group A showed 
an increased level of mild bleeding events. Within 
1 month after PCI, the overall mean value of PRI in 
group A was lower than that in group B, indicating 
the effectiveness and stability of ticagrelor against 
platelet aggregation.

In summary, the level of VASP phosphorylation 
in platelets was detected by FCM in this study, and 
the effect of ticagrelor on PAF was evaluated. The 
results showed that ticagrelor was highly effective 
and stable in inhibiting platelet aggregation without 
significantly increasing the risk of bleeding in 
patients with ACS.

DISCUSSION

The decrease in PAF was closely related to the 
blockage of P2Y12 receptor. In this study, PGE1 
(Alprostadil) induced phosphorylation of VASP, and 
P2Y12 receptor also promoted phosphorylation of 
VASP by binding to the drugs.

The inhibitors of the P2Y12 receptor effectively 
reduced inflammatory responses. However, 
ticagrelor exerted a lower inhibitory effect on 
interleukin 6 (IL-6) and C-reaction protein (CRP) 
than clopidogrel, which might be related to its dual 
inhibition on platelet P2Y12 receptor and ENT-1. Our 
study showed that the incidence of adverse events, 
such as stent thrombosis and revascularization, was 
significantly lower in group A than in group B. In 

  Before 
drug 
treatment 

24 hours 
after 
surgery 

7 days after 
surgery 

1 month 
after 
surgery 

Group A PRI (%) 73.02±13.2
3 

25.11±13.5
7 

23.87±12.6
9 

22.62±13.4
6 

PRI ≥ 50% 
(cases) 

38 3 2 2 

Group B PRI (%) 75.58±12.1
5 

56.51±13.3
5* 

54.47±12.4
8* 

53.15±11.3
3* 

PRI ≥ 50% 
(cases) 

39 30* 26* 12* 

Note: *P<0.005, compared with group A. 
 
 

 
Fig. 1. Levels of VASP phosphorylation measured by flow cytometry. A) Platelet 
population; B) expression of VASP-P under PGE1 conditions; C) expression of VASP-P 
under PEG1+ADP conditions; D) negative quality control under PEG1+ADP 
conditions. 

Fig. 1. Levels of VASP phosphorylation measured by flow cytometry. A) Platelet population; B) expression of VASP-P 
under PGE1 conditions; C) expression of VASP-P under PEG1+ADP conditions; D) negative quality control under 
PEG1+ADP conditions.
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To the Editor,
Tibetan pig is an ancient primitive breed and the 

only pig breed that lives at high and cool altitudes in 
China. Under long-term harsh natural environmental 
conditions, Tibetan pigs have developed cold 
resistance, high disease resistance and herbivorous 

and other typical characteristics which make them 
indispensable for pig production in the plateau. 
However, green forage resources are scarce in winter 
and spring because of the traditional feeding method 
(grazing) of the pigs, the short growing period of crops 
and the extremely low level of pasture production 
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The acute shortage of forage resources is a serious problem for Tibetan pigs in the Tibet region, and 
the composition of feed can change the structure of the intestinal flora. This study first reported the effect 
of Alfalfa and Chenopodium glaucum feeding on the microbial diversity in Tibetan pigs, contributing 
to the forage exploitation of Tibetan pigs in the Tibet region. Results showed that the replacement of 
concentrate by green forage did not affect the feed intake of THE pigs. The daily weight gain of pigs 
fed with 45% green forage was significantly lower (p<0.05), whereas it remained unchanged for the 
other groups. A total of 483,570 high-quality sequences were obtained from 12 fecal samples. The alpha 
diversity index revealed no variation in the evenness of community, but a significant difference was 
found in the richness of community among the feeding groups. Principal component analysis showed 
an obvious alteration among the principal components of the microbial community structure in the 
different feeding groups. At the phylum and genus levels, 6 phyla and 16 genera differed among the 
four groups (p<0.05) but did not include the harmful bacteria. The intestinal microbiota of Tibetan pigs 
mainly involved 12 metabolic functions, among which, the mean proportion of amino acid metabolism 
and biosynthesis of other secondary metabolites were higher in the experimental groups. Although the 
structure of intestinal microflora changed, harmful bacteria in the pigs did not increase when they were 
fed with Alfalfa and C. glaucum. These findings indicated that alfalfa and C. glaucum could be used as 
forage grass for Tibetan pigs.
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column, where the space could allow free movement, 
and they were subjected to free feeding and drinking. 
After they were fed daily, the positioning columns and 
the pigs’ houses were cleaned. After each week, the feed 
intake and daily gain of the pigs were calculated. After the 
experiment was conducted, fresh fecal samples of each pig 
were collected in 50 mL sterilised tubes and immediately 
frozen at −20°C for analysis of the bacterial diversity.

Total DNA extraction
Fresh fecal samples were pretreated using a similar 

method from a previous study. The total microbial 
genomic DNA was extracted from the samples by using 
QIAamp Fast DNA Stool Mini Kit (QIAGEN, Hilden, 
Germany) in accordance with the manufacturer’s 
directions. The concentration and quality of DNA were 
detected with a nucleic acid detector and 0.8% agarose gel 
electrophoresis, respectively.

Gene amplification of V3-V4 hypervariable regions 
The standard bacteria V3-V4 hypervariable regions 

gene PCR primers (ACTCCTACGGGAGGCAGCA 
and GGA-CTACHVGGGTWTCTAAT) were used. The 
PCR amplification system contained 5 μL of 5× reaction 
buffer, 5 μL of 5× GC buffer, 2 μL of dNTP (2.5 mM), 
1 μL of forward primer (10 μM), 1 μL of reverse primer 
(10 uM), 2 μL of DNA template, 8.75 μL of ddH2O and 
0.25 μL of Q5 DNA polymerase in a total volume of 25 
μL. PCR amplification was performed under the following 
conditions: initial denaturation at 98°C for 2 min; 28 cycles 
of denaturation at 98°C for 15 s, annealing at 55°C for 30 s 
and extension at 72°C for 30 s; and a final extension at 72°C 
for 5 min. The PCR amplification products were detected 
via 2% agarose gel electrophoresis, and target fragments 
were recovered using AXYGEN’s gel recovery kit.

Sequencing library preparation
The sequencing library was constructed using a 

TruSeq Nano DNA LT Library Prep kit (Illumina). The 
prominent base was removed at the 5′-end of the DNA 
sequence by using End Repair Mix 2, and a phosphate 
group was added at the 3′ end to repair the amplified 
product. Library enrichment products were repurified 
using BECKMAN AMPure XP beads. The final fragment 
of the library was purified and selected throguh 2% 
agarose gel electrophoresis with Greengenes. Library 

in Tibet. This shortage in resources has become a 
problem that severely restricts the development of 
the Tibetan pig and the economic development of 
the Tibet region.

The intestinal tract is the main site where a host 
digests and absorbs food, and these processes involve 
the gut microbiota (1-2). The diverse and large 
gut microbiota in the intestinal tract have a mutual 
relationship with its host (3). These microbiota 
provide nutrition, participate in host metabolism, 
maintain the microecological balance and ensure the 
health of the intestine. The dynamic distribution of the 
intestinal microflora in animals is related to dietary 
composition (4). Elucidating the correlation between 
different diet compositions and characteristics of gut 
microbiota diversity is beneficial to the development 
of forage for Tibetan pigs. 

Alfalfa and Chenopodium glaucum, widely 
cultivated in Tibet, are used as forage grass. 
Therefore, in the present study, we analyzed the 
effect of replacing concentrate with green forage 
on growth performance and bacterial diversity 
in fattening Tibetan pigs in Linzhi of the Tibet 
Autonomous Region.

MATERIALS AND METHODS

Animal feeding and sample collection
Feeding of Tibetan pigs and collection of fecal 

samples were approved and instructed by the Tibetan Pig 
Collaborative Research Center of Tibet Agriculture and 
Animal Husbandry College, Tibet, China (Unified social 
credit code:12540000MB0P013721). Twelve healthy 
Tibetan pigs that had an average weight of 15.27±0.73 
kg, came from the same breeding environment and were 
approximately 4 months old were randomly assigned to 
four groups (groups A, B, C and D, n=3). Group A (A1, 
A2 and A3) was fed with full concentrate, group B (B1, 
B2 and B3) received a diet consisting of 85% concentrate 
and 15% green forage, group C (C1, C2 and C3) were 
given a diet composed of 70% concentrate and 30% green 
forage, and group D (D1, D2 and D3) was administered 
with a diet containing 55% concentrate and 45% green 
forage (green forage consisted of a mixture of fresh alfalfa 
and C. glaucum). The feeding experiment lasted 6 weeks. 
During the experiment, the pigs were kept in a positioning 
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phylum and genus levels. A heat map was drawn using the 
R software. PICRUSt functional predictive analysis was 
achieved by comparing the Greengenes database with the 
KEGG PATHWAY database (6). The feed intake and daily 
gain of Tibetan pigs were evaluated through one-way 
ANOVA, and deviations were assessed with a significant 
level of p<0.05 by using SPSS Statistics 22.0 (IBM).

RESULTS

Feed intake and growth of Tibetan pigs in four groups
In the present study, group A was given the 

concentrate at an intake of 862.50 g. Groups B, 
C and D received the concentrate at intakes of 
733.25, 604.00 and 474.75 g, respectively, and their 
forage intakes were 146.85, 265.00 and 405.42 g, 
respectively. The daily gains of the Tibetan pigs 
in groups A, B, C and D were 262.5, 229.5, 225.7 
and 188.2, respectively (Fig. 1). No significant 
differences were observed between the other three 
groups except the significant decrease in group D 
(p<0.05). 

Characterisation of the microbial community of 
Tibetan pigs in four groups 

In this study, 483,570 high-quality sequences 

quality control and quantitative assay were separately 
conducted with an Agilent High-sensitivity DNA kit 
with an Agilent bioanalyzer and a Quant-iT PicoGreen 
dsDNA assay kit with Promega QuantiFluor. Then, the 
paired end sequencing of DNA fragments was performed 
with Illumina MiSeq equipment (MiSeq Reagent Kit V3) 
(Personalbio, Shanghai, China).

Sequence data processing and statistical analysis 
The question sequences were identified and eliminated 

using Quantitative Insights Into Microbial Ecology 
(QIIME) software v1.8.0. The sequences were established 
as operational taxonomic units (OTUs) via Uclust with 
over 97% similarity (5). Then, OTUs were taxonomically 
classified and grouped by comparing with those in the 
Greengenes databases. Alpha diversity index (Chao1, 
ACE, Simpson and Shannon) was calculated using the 
Mothur software. Beta diversity was analysed by utilising 
the similarity of the microbial community structure among 
different feeding groups through principal component 
analysis (PCA). The data of the microbial community 
structure at different classification levels (phylum, 
class, order, family and genus) of the four groups were 
statistically analysed using the QIIME software. A 
Metastats statistical algorithm was used to examine the 
discrepancy of microbial community between groups at 

Table I. The microbial community diversity index of each sample in four groups.

Group Simpsom Shannon ACE Chao1

GroupA 0.974±0.011a 7.713±0.433a 1377.94±111.82a 1348.44±93.56a

GroupB 0.972±0.022a 8.283±0.741a 1683.44±90.83ab 1648.49±78.47ab

GroupC 0.953±0.023a 7.493±0.375a 1818.11±226.61b 1750.02±270.93b

GroupD 0.939±0.021a 7.300±0.294a 1617.75±169.87ab 1547.03±135.21ab

Note: In the same row, values with different small letter superscripts mean significant difference (p<0.05), 
while with the same letter superscripts mean no significant difference (p>0.05). The same as below.
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Table II. The microbial community structure in different levels in four groups.
Classification 

level Bacteria Group (%)
A B C D

Phylum

Firmicutes 67.20±4.71a 52.00±17.72ab 42.03±9.13b 43.70±9.33b

Bacteroidetes 24.10±2.16a 24.00±6.05a 28.73±6.28a 29.53±1.87a

Spirochaetes 6.10±5.86a 18.36±12.65a 24.80±9.09a 22.13±8.99a

Actinobacteria 0.56±0.15b 1.10±0.36ab 1.26±0.55a 1.43±0.20a

Other 2.03±0.45b 4.53±0.70a 3.16±1.20ab 3.20±0.88ab

Class

Clostridia 30.13±0.56a 41.63±11.38a 35.46±9.96a 41.90±8.94a

Bacteroidia 67.20±4.71a 52.00±17.72ab 42.03±9.13b 43.70±9.33b

Spirochaetes 6.10±5.86a 18.36±12.65a 24.80±9.09a 22.13±8.99a

Bacilli 36.60±4.06a 9.50±6.55b 4.63±6.75b 1.16±1.19b

Other 3.06±0.41b 6.50±1.25a 6.40±2.52a 5.40±0.85ab

Order

Clostridiales 30.13±0.56a 41.63±11.38a 35.46±9.96a 41.90±8.94a

Bacteroidales 24.10±2.16a 24.00±6.05a 28.70±6.27a 29.40±1.70a

Spirochaetales 5.93±5.93a 18.23±12.65a 24.66±9.07a 21.93±8.93a

Lactobacillales 36.56±4.11a 9.43±6.60b 4.60±6.79b 1.13±1.23b

Other 3.26±0.49b 6.70±1.15a 6.56±2.53a 5.63±1.00ab

Family

Spirochaetaceae 5.93±5.93a 18.23±12.65a 24.66±9.07a 21.93±8.93a

Lachnospiraceae 13.23±7.38a 19.60±14.22a 17.83±10.29a 19.40±13.02a

Lactobacillaceae 36.53±4.10a 9.33±6.60b 4.56±6.73b 0.16±0.28b

Ruminococcaceae 9.30±3.89a 10.10±4.15a 9.23±2.02a 11.76±5.42a

Paraprevotellaceae 4.60±6.18a 5.80±0.87a 10.83±7.32a 9.90±6.35a

Other 30.40±8.60a 36.93±5.57a 32.86±8.96a 36.83±7.51a

Genus

Treponema 5.93±5.93a 18.23±12.65a 24.66±9.07a 21.93±8.93a

Lactobacillus 36.53±4.10a 9.33±6.60b 4.56±6.73b 0.16±0.28b

YRC22 4.16±6.04a 5.06±1.17a 10.46±7.34a 9.56±6.24a

Prevotella 2.46±1.31a 5.96±5.75a 2.33±1.45a 3.06±2.00a

Ruminococcus 1.50±0.43a 2.36±2.45a 2.16±0.32a 3.93±2.14a

Fibrobacter 0.46±0.20b 1.96±1.10a 0.83±0.23ab 0.83±0.66ab

Paludibacter 0.36±0.28a 1.26±0.47a 0.93±1.09a 1.16±0.58a

Oscillospira 1.16±0.77a 0.93±0.55a 0.80±0.34a 0.60±0.43a

Other 47.40±8.88a 54.86±11.16a 53.23±18.94a 58.73±16.28a

Note: In the same row, values with different superscript letters mean significant difference (p<0.05), while with 
the same superscript letters mean no significant difference (p>0.05). 
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(p<0.05). The abundance of Bacteroidetes had no 
significant difference among all groups (p>0.05). 
The abundance of Spirochaetes in group A (6.10%) 
was lower than that in the other groups (18.36%, 
24.80% and 22.13%, respectively), but the difference 
was not significant (p>0.05). At the class level, the 
abundance of Bacilli in group A was significantly 
higher than that in the other groups (p<0.05). At 
the order level, the abundance of Spirochaetales 
in group A was lower than that in the other groups 
(p>0.05), and the abundance of Lactobacillales in 
group A was significantly higher than that in the other 
groups (p<0.05). At the family level, the abundances 
of Spirochaetaceae and Lachnospiraceae in group A 
were lower than those in the other groups (p>0.05), 
and the abundance of Lactobacillaceae in group 
A was significantly higher than those in the other 
groups (p<0.05). At the genus level, the abundance 
of Treponema in group A was lower than that 
in the other groups (p>0.05). The abundance of 
Lactobacillus in group A was significantly higher 
than that in the other groups (p<0.05).

The absolute abundance of each taxon in the 
four groups was compared at the phylum and genus 
levels. At the phylum level, the abundance of one 
phylum (Actinobacteria) significantly differed 

were obtained from 12 fecal samples, and the 
effective sequences in each sample exceeded 35,000. 
The average length of these sequences was 400-500 
bp. The effective sequences were copolymerised 
into 6,350 OTUs. Of the total OTUs in the four 
experimental groups, 804 core sequences accounting 
for 12.66% were found. Interestingly, only 623 
OTUs were found in group A, 945, 657 and 836 
OTUs were identified in groups B, C and D only 
(Fig. 2). We utilised various alpha indices to measure 
the microbial community diversity (Table I). Chao1 
and ACE indices revealed a visible difference in the 
flora richness between the four groups (p<0.05). 
The Shannon and Simpson indices demonstrated 
that no significant difference was observed in the 
flora evenness among the four groups (p>0.05). 
Likewise, PCA showed that all of the samples from 
the four groups could be distinguished clearly, and 
the microbial community structure changed after the 
pigs were fed with different diets (Fig. 2).

At the phylum level (Table II), Firmicutes, 
Bacteroidetes and Spirochaetes were the dominant 
microflora in all of the treatment groups. The 
abundance of Firmicutes in group A (67.20%) was 
significantly higher than that in groups B, C and 
D (52.00%, 42.03% and 43.70%, respectively) 

 

Fig. 1. The average daily gain of Tibetan pigs in four groups (g). 

 

Table I. The microbial community diversity index of each sample in four groups. 
Group Simpsom Shannon ACE Chao1 

GroupA 0.974±0.011a 7.713±0.433a 1377.94±111.82a 1348.44±93.56a 
GroupB 0.972±0.022a 8.283±0.741a 1683.44±90.83ab 1648.49±78.47ab 
GroupC 0.953±0.023a 7.493±0.375a 1818.11±226.61b 1750.02±270.93b 
GroupD 0.939±0.021a 7.300±0.294a 1617.75±169.87ab 1547..03±135.21ab 

Note: In the same row, values with different small letter superscripts mean significant 
difference (p<0.05), while with the same letter superscripts mean no significant 
difference (p>0.05). The same as below. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table II. The microbial community structure in different levels in four groups. 

Fig. 1. The average daily gain of Tibetan pigs in four groups (g).
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genera (Lachnospira, Adlercreutzia, Anaeroplasma, 
Lactobacillus, Fibrobacter, Paludibacter, 
Parabacteroides, Phascolarctobacterium and 
Mogibacterium) exhibited significant differences 
between groups A and B. Seven genera (Treponema, 
Lactobacillus, CF231, Mogibacterium, Lachnospira, 
Ruminococcus and p-75-a5) showed significant 

between groups A and B. Two phyla (Firmicutes 
and Spirochaetes) also significantly varied between 
groups A and C. Five phyla (Actinobacteria, 
Firmicutes, Bacteroidetes, Spirochaetes and 
Cyanobacteria) significantly differed between 
groups A and D. Tenericutes significantly varied 
between groups B and C. At the genus level, nine 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2. Gut microbiota compositions for Tibetan pigs in different groups. a) Venn 
diagram shows various comparisons of OUTs in four groups. b) The principal 
component analysis of the microbial community structure in four groups. c) Heat map 
of the microflora composition at Genus level of each group. 
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Fig. 2. Gut microbiota compositions for Tibetan pigs in different groups. a) Venn diagram shows various comparisons of 
OUTs in four groups. b) The principal component analysis of the microbial community structure in four groups. c) Heat 
map of the microflora composition at Genus level of each group.

ZD. SHANG ET AL.



453Journal of Biological Regulators & Homeostatic Agents

metabolic pathways. Among these functions, the 
metabolism of amino acids and the biosynthesis 
of other secondary metabolites in group A had 
significantly lower abundance than that in the other 
groups. Nucleotide metabolism, enzyme families, 
terpenoid and polyketide metabolism, xenobiotic 
biodegradation and metabolism in group A had a 
significantly higher proportion than that in the other 
groups (p<0.05). The metabolism of carbohydrate, 
cofactors and vitamins, lipid, enzyme, other amino 
acids, the biosynthesis and metabolism of glycan had 
no significant difference among the groups (p>0.05).

DISCUSSION

The serious shortage of green forage resources 
has become a problem that severely restricts the 
development of Tibetan pigs in the Tibet region. 
In this study, we first reported the effect of partly 
replacing concentrate with green forage on the 

variations between groups A and C. Seven genera 
(Lactobacillus, Parabacteroides, Treponema, 
Mogibacterium, Paludibacter, Sharpea and 
Ruminococcus) significantly varied between groups 
A and D. Four genera (Lachnospira, Anaeroplasma, 
Coprococcus and Ruminococcus) had significant 
difference between groups B and C. Two genera 
(Lachnospira and Coprococcus) had significant 
difference between groups B and D. Genera 
Parabacteroides also had significant difference 
between groups C and D. On the basis of the results 
of heat map analysis (Fig. 2), we concluded that 
the microflora composition of all of the samples in 
each group differed. The similarity of the microflora 
composition between groups A and B and between 
groups C and D was higher.

Analysis of the microbial metabolic function
In the KEGG second-level functional groups 

(Fig. 3), 12 functions were mainly involved in 

 

Fig. 3. Mean proportion and the differences in microbial metabolism function between 
four groups. 
 

Fig. 3. Mean proportion and the differences in microbial metabolism function between four groups.
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pigs and contributed to the forage exploitation of 
these pigs in the Tibet region.
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To the Editor,
Keratoconus (KC) is a mainly bilateral, 

progressive, non-inflammatory corneal disease. It is 
associated with corneal steepening and thinning that 
results in irregular astigmatism (1) and blurred vision. 
KC has a prevalence varying from 8.8 to 2,300 per 
100,000 people and an incidence of approximately 1 
in 2,000 (2). Although, KC is mainly sporadic, there 
are cases of familial KC, which are mainly inherited 
through an autosomal dominant pattern, with first 
degree family members being at a higher risk (1). 
KC affects both men and women, but recent studies 
report that there is a preponderance of men over 
women (1). Beside the fact that KC is described as a 
non-inflammatory disease, recent studies prove that 
there is overexpression of inflammatory mediators 
such as interleukin 6 (IL-6) in tears of KC patients. 
There is also a degradation of the corneal extracellular 
matrix (ECM), characterized by increased levels 

of inflammatory molecules such as Matrix 
metalloproteinase-9 (MMP-9) and Tumor necrosis 
factor alpha (TNF-α), as well as by an increase in 
oxidative stress (1). KC, therefore, is a multifactorial 
disease that stems from the interaction of genetic, 
environmental and behavioral factors that include 
chronic eye rubbing, contact lens wear, ultraviolet 
irradiation and atopy (2). The genetic etiology is 
also evidenced by the association between KC and 
genetic disorders such as Down syndrome, Leber’s 
congenital amaurosis and the ethnic differences in 
KC prevalence and incidence (2). 

KC genetic heterogeneity is evidenced by 
Genome Wide Association Studies (GWAS). 
These studies have reported, to date, more than 
150 polymorphisms in over 60 genes/loci. They 
also support the notion that KC pathophysiology is 
the result of interplay of several genes rather than 
a single one (2). One meta-analysis reported that 
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KC (6), an association which implies that increased 
oxidative damage may also be involved in Down 
syndrome (4).  

SOD isoenzymes and reactive oxygen species 
Oxygen tension, light exposure and high 

metabolic activity contribute to the production 
of reactive oxygen species (ROS) (5). The human 
eye is particularly vulnerable to oxidative stress 
(5). There are three superoxide dismutase (SOD) 
isoenzymes (SOD1, SOD2 and SOD3) which are 
compartmentalized in the cytosol, the mitochondrial 
matrix and the extracellular space and they trigger 
the generation of hydrogen peroxide and molecular 
oxygen by catalyzing the dismutation of the 
superoxide radicals (5). Oxidative stress is mainly 
caused by environmental stimuli like ultraviolet 
exposure and epithelial trauma and it leads to 
the destruction of the mitochondria, the nucleus 
and, eventually, of the whole cell (7). In KC these 
antioxidant enzymes are altered (4) and result in an 
increase of the byproducts of the nitric oxide and 
lipid peroxidation pathways (7). Furthermore, the 
increase in reactive oxygen species (ROS), results in 
a decrease in mitochondrial membrane potential, in 
mitochondrial DNA damage, in apoptosis of corneal 
fibroblasts and in oxidative damage.  Oxidative 
damage, in particular, results in the upregulation of 
altered proteins, degradation of enzymes, high levels 
of oxidative stress, cellular dysfunction and damage 
to the DNA (8).

ZNF 469 gene
ZNF469 is a two-exon gene, which codes a 

413kDa protein consisting of 3,925 amino acid 
residues (9). It is detected, among many other tissues, 
and in the human cornea (10). ZNF469 shows a 30% 
sequence similarity to the helical parts of COL1A1 
(which encodes the pro-alpha1 chains of type I 
collagen which is abundant in the cornea), COL1A2 
(which encodes the pro-alpha2 chains of type I 
collagen which is also abundant in the cornea), and 
COL4A1 (which encodes a type IV collagen alpha 
protein that belongs to the integral components of 
basement membranes). The COL1A1, COL1A2 and 
COL4A1 genes are highly expressed in the cornea 

there are 8 SNPs in 6 genes/loci which are mostly 
associated with KC; BANP-ZNF469 rs9938149, 
FOXO1 rs2721051, FNDC3B rs4894535, IMMP2L 
rs757219 and rs214884, COL4A4 rs2229813 and 
rs2228557 and RXRA-COL5A1 rs1536482 (2). Two 
genes whose role in KC pathogenesis was recently 
investigated are superoxide dismutase 1 (SOD1) and 
zinc finger protein 469 (ZNF469). 

SOD1 Gene
SOD1 has been implicated in the pathogenesis 

of KC (3, 4) albeit without definitive association. 
SOD1 encodes the superoxide dismutase enzymes 
(4) that contribute to the binding of zinc and copper 
ions and metabolise free superoxide radicals to 
produce molecular oxygen. They are thus protecting 
the cell from superoxide radical damage (3, 5). It 
is noteworthy that the distribution of superoxide 
dismutase isoenzymes differs between healthy 
and the KC corneas (4). In addition, mutations 
in SOD1 may result in ocular colobomas, brain 
malformations, ichthyosis, post-cholecystectomy 
syndrome, endocrine abnormalities and they have 
been implicated in amyotrophic lateral sclerosis (2).

SOD1 is located on chromosome 21q22.11. A 
SOD1 variant with a seven-base deletion in intron 
2 (IVS2+50del7bp), is associated with KC (3, 4).  
mRNA analysis showed the presence of  2 additional 
transcript splice variants coding for proteins lacking 
the active site of the SOD1 enzyme (4). In addition, 
a deletion has been identified within intron 2 close to 
the 5’ splice junction of SOD1 in 3 KC patients (4). 
Skipping of SOD1 exon 2 or SOD1 exon 2+3 results 
in weak protein expression or no expression at all, 
due to diminished enzyme levels and activities (4). 

Four other sequence changes (g.12035 C>A; 
g.13978 T>A; g.12037 G>A and g.11931 A>C) are 
present with the same frequency in both KC patients 
and normal controls; this indicates that the SOD1 
gene may not play a vital role in KC pathogenesis at 
least at the sequence level (6). The presence of c.169 
þ 50delTAAACAG change is implicated in sporadic 
KC, but further study is needed (6). It is probable 
that mutations on chromosome 21 may be related to 
the effects of oxidative stress on the cornea given 
that trisomy 21 is associated with increased risk of 
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Five loci with 6 independent SNPs associated with 
KC have been reported. Two of them increase KC 
risk in an independent cohort of patients of European 
origin (2). These are rs1324183, upstream of MPDZ 
(Multiple PDZ Domain Crumbs Cell Polarity 
Complex Component), and rs9938149, upstream of 
ZNF469. It is not known if there is any relevance 
between other SNPs found in European patients and 
those found in Asians (2).

Upstream of the ZNF469 gene, there are two SNPs 
that have been identified, rs12447690 and rs9938149 
(2), in Australian, UK, Malay, Indian, Croatian, 
Caucasian, Scottish and Latino populations (2, 12), 
suggesting the involvement of these SNPs in CCT 
variation. More specifically, ZNF469 is the closest 
to the SNP rs9938149 and thus genetic variation 
within this gene may account for the association 
at rs9938149 as well as for its contribution to the 
susceptibility to CCT and KC (10). However, other 
rare potentially pathogenic variants do not contribute 
to KC pathogenesis (10). Studies from Australia 
and the UK revealed two genome-wide significant 
signals at 16q24.2 and 13q14.1, in intragenic regions, 
which influence the genes ZNF469 and FOX01, 
respectively (10). However, sequencing analysis of 
ZNF469 in patients with KC and high myopia did 
not identify any significant variants (9).

There are conflicting results concerning the 
variants that contribute to the progress of KC. It is 
reported that ZNF469 variants may not be important 
genetic factors for KC in Polish patients, while 
mutations in ZNF469 in a New Zealand population 
(at a frequency of 23%) and in the Han population 
seem to be important contributing genetic factors 
(9). Thus, variants that may be pathogenic in 
one population, may not be pathogenic in other 
populations, or among different regions, reflecting 
the pleiotropic function of ZNF469 in KC, and 
keeping ZNF469 involvement contentious (9). 

Brittle cornea syndrome  
BCS is a tissue disorder characterized by extremely 

thin and prone to spontaneous rupture corneas even 
after minor trauma. It is associated with homozygous 
mutations in ZNF469, suggesting the role of ZNF469 
in the structural integrity of the cornea (12). It is 

(10), while, as there is a 30% protein homology 
between ZNF469 and the helical parts of the three 
different collagen types, ZNF469 may function 
as a transcription factor or extra-nuclear regulator 
that contributes to the synthesis and organization 
of collagen fibers and ECM proteins of the human 
cornea (9, 11). Thus, ZNF469 functional mutations 
may affect the homogeneity and regular properties 
of collagen corneal fibrils (9). 

There are five classical C2H2 zinc finger 
domains (ZNFs) in the C-terminus, which are the 
most important parts of the ZNF469 protein. ZNFs 
work as sequence-specific DNA-binding motifs 
that regulate specific transcription processes (10). 
Although the role of ZNF469 is not well established, 
evidence shows that it regulates the development 
and maintenance of the ECM (11). Recent studies 
show a downregulation of ECM component genes 
like GPC6 (glypican-6), THBS1 (thrombospondin), 
CLU (clusterin) and PCOLCE2 (procollagen 
C-endopeptidase enhancer 2, in ZNF mutant 
fibroblasts) (10).  This organization of the collagen 
fibers occurs in conjunction with the gene PRDM5 
(which encodes a transcription factor that belongs 
to the PR-domain protein family). Heterozygous 
mutations of PRDM5 have been linked with a mildly 
reduced) Central Corneal Thickness (CCT) (480 – 
505 μm), KC and blue sclera (11). CCT can affect 
eye disorders such as primary open glaucoma and 
KC (9). 

Apart from ZNF469 being considered as a 
significant genetic contributor to KC, mutations 
in ZNF469 cause brittle cornea syndrome (BCS). 
Potentially pathogenic heterozygous ZNF469 alleles 
are present in 12.5% of European KC patients (9), 
making ZNF469 probably the most important 
genetic factor responsible for KC (12). 

CCT meta-analysis of a sample of more than 
20,000 individuals revealed 27 CCT-associated 
loci (2). There is a nominal association with KC 
for 11 SNPs, while after correction for multiple 
testing 6 showed a significant association (2). Of 27 
CCT-associated loci, 11 were identified in healthy 
European and Asian populations, with common 
SNPs 100kb upstream of ZNF469 (MIM 612078), 
the gene most strongly associated with CCT (2). 
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inherited with autosomal recessive form and is a 
connective tissue disorder characterized by extreme 
corneal thinning between 220–450 μm, which poses a 
high risk of corneal rupture that can lead to blindness 
(12). BCS comorbidities include joint hypermobility, 
scoliosis and deafness, that lead to combined sensory 
deprivation (10). 

There are two types of BCS. BCS type 1 (OMIM 
#229200) results from homozygous mutations in the 
ZNF469 gene and features all the signs mentioned 
above (10). As previously mentioned, the gene 
was originally mapped to chromosome 16q24 (10) 
and five homozygous mutations of the ZNF469 
have been reported. These include a homozygous 
frameshift mutation, (c.9527delG) which results in a 
premature termination codon (p.Gln3178ArgfsX23 
and p.Gly1983AlafsX16), p.Phe717SerfsX14, 
p.Gln1392X and p.Gln1757X, as well as one 
homozygous missense mutation (p.Cys3339Tyr) (12). 

BCS type 2 results from homozygous mutations 
in the PRMD5 (PR/SET Domain 5) of the ZNF469 
gene. BCS type 2, like BCS1, is an autosomal 
recessive condition (12). These mutations in ZNF469 
apparently increase the risk of isolated KC and BCS 
type 1 in patients of different ethnicities (12.5% of the 
European KC patients from three different cohorts, 
23% of patients with KC in New Zealand and 50% 
of Maori or Polynesian KC patients). A rare missense 
mutation in ZNF469 was also reported to be in 23% of 
the KC patients in Polynesian populations (12).

In conclusion, the role of a plurality of genes has 
been studied in relation to the pathogenesis of KC, 
often with conflicting results. In order to have safer 
results, larger studies with larger samples will be 
needed in the future.
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Endocrinal interactions are one of the most crucial regulatory mechanisms that maintain the state of 
homeostasis in humans. Processes such as oogenesis, folliculogenesis, menstruation and pregnancy remain 
under hormonal control. A key role in folliculogenesis is played by granulosa cells. Moreover, granulosa 
cells take part in corpus luteum formation after ovulation. Because of that, it is important to understand 
the ways in which the granulosa cells, associated with those processes, respond to hormonal stimulus. In 
the present study, a transcriptomic analysis of human granulosa cells (GCs) was carried out with the use 
of expression microarrays. The results were validated by RT-qPCR. The total RNA was isolated after 1st, 
7th, 15th and 30th days of long-term primary cultures. The main focus of this work was placed on the genes 
belonging to “Response to estradiol”, “Response to follicle-stimulating-hormone”, “Cellular response to 
hormone stimulus”, “Cellular hormone metabolic process” and “Hormone biosynthetic process” gene 
ontology groups. These groups of genes have been associated with GC hormone metabolism and cellular 
response to hormones. Eighty genes belonging to these groups were identified. Those that were members 
of more than one of the analyzed gene ontology groups, or exhibited unique expression patterns, were 
selected for further analysis. All of the selected genes were described, with their expression patterns 
detailed. In this manuscript, two gene expression patterns have been described. The first one showed 
large downregulation of genes in the later stages of culture, with the second one presenting upregulation 
of expression after day 1 of IVC. The present research was focused on six genes found to be the most 
important for steroidogenesis: STAR, POR, CYP11A1, ADM, GCLC, IL1B, as well as three genes of 
higher expression at the later stages of long-term in vitro culture: NR2F2, BMP4, COL1A1. The main 
goal of the presented study was to select genes involved in response to hormonal stimulus and hormone 
metabolism in GC long-term in vitro culture. 
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of 20 patients, aged 18-40 years, with diagnosed infertility, 
referred to the Division of Infertility and Reproductive 
Endocrinology, Poznan University of Medical Sciences, 
Poland, were examined. The patients underwent IVF 
procedure, based on controlled ovarian hyperstimulation 
protocol, adjusted to the patient’s initial infertility workup 
and ovarian response. Stimulation was performed with 
human recombinant FSH (Gonal-F, Merck Serono) and 
highly purified human menopausal gonadotropin - hMG 
- HP (Menopur, Ferring). The injections with cetrorelix 
acetate (Cetrotide, Merck Serono) were administered 
in an adequate dose, to suppress pituitary function. 
Triggering of ovulation was based on subcutaneous 
injection of 6,500 U of human Chorionic Gonadotropin 
(Ovitrelle, Merck-Serono). GC containing follicular fluid 
was collected during transvaginal, ultrasound guided 
oocyte pick-up, 36 h after hCG administration. The fluid 
was collected from oocytes of over 16 mm in diameter. It 
was immediately passed to an embryologist who isolated 
the oocyte and pooled the follicular fluid from each ovary. 
Fresh follicular fluid was centrifuged for 10 min at 200 x 
g, to separate and collect GCs. Patients with polycystic 
ovary syndrome (PCOS), endometriosis, and diminished 
ovarian reserve [serum antimüllerian hormone (AMH) 
less than 0.7 ng/mL and/or day 2-3 FSH serum level higher 
than 15 mU/mL and/or antral follicle count less than 9] 
were excluded from the study. This study was approved 
with resolution 558/17 by the Bioethical Committee at the 
Poznan University of Medical Sciences. All participants 
gave written informed consent to the research.

Primary granulosa cell culture
Collected GCs were centrifuged at 200 x g for 10 

min at room temperature (RT). Afterwards, they were 
washed with culture medium. The medium consisted 
of Dulbecco’s Modified Eagle’s Medium (DMEM/
F12, Sigma-Aldrich, USA), 2% fetal bovine serum FBS 
(FBS; Sigma-Aldrich Co., St. Louis, MO, USA), 4 mM 
L-glutamine (stock 200 mM, Invitrogen, Carlsbad, CA, 
USA), 10 mg/ml gentamicin (Invitrogen, USA), 10,000 
units/ml penicillin, and 10,000 μg/ml streptomycin 
(Invitrogen, Carlsbad, CA, USA). GCs were cultured at 
37°C under aerobic conditions (5% CO2). When the cells 
achieved 90% confluence, the culture were detached 
with 0.05% trypsin-EDTA (Invitrogen, USA) for 1-2 
min. Granulosa cells were counted using a “neubauer 

To the Editor,
Hormonal regulation is one of the aspects having the 

most influence over the proceedings of reproduction. 
Under physiological conditions, due to the influence 
of FSH, granulosa cells (GCs) secrete the most active 
form of estrogen, 17-beta estradiol, into the follicular 
fluid and blood. The high concentration of estrogens 
in the blood suppresses the secretion of FSH by the 
pituitary gland on the principle of negative feedback. 
The LH causes ovulation and subsequent development 
of the corpus luteum. This begins the luteal phase of 
the ovarian cycle. The corpus luteum is responsible 
for the production of progesterone (5).

The above processes are closely related to cells of 
the granulosa layer located inside the ovarian follicle. 
Even after the follicular rupture and ovulation, GCs 
that remain in the follicle transform into granulosa 
lutein cells and continue their role in the maintenance 
of the menstrual cycle or potential pregnancy. The 
basis of the role of GCs in effective reproduction is also 
well known - oocyte-cumulus interactions, estradiol 
production, etc. (1). However, advanced clinical 
approaches involving tissue and cell engineering, gene 
therapy, as well as understanding the exact causes of 
multiple diseases of the reproductive system, require 
understanding the molecular basis of GC function 
(3). The aim of this study is to analyze the genes 
belonging to: “Response to estradiol”, “Response to 
follicle-stimulating-hormone”, “Cellular response 
to hormone stimulus”, “Cellular hormone metabolic 
process” and “Hormone biosynthetic process” gene 
ontology groups, to gain a deeper understanding of 
the genetic basis of GC in-vitro function in the context 
of hormone metabolism and cellular response. That 
knowledge could translate into future advancement 
in understanding the mechanism of GC action, hence, 
in the wider perspective, various processes associated 
both with the menstrual cycle and others that involve 
GCs and the hormones that they express.

MATERIALS AND METHODS

Patients and collection of granulosa cells
The GCs were derived from patients undergoing in 

vitro fertilization (IVF) procedures, who had given their 
informed consent to be included in this protocol. The group 
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little or no contaminating DNA and protein. The last step 
was to strip the RNA with 2-propanol (Sigma-Aldrich, 
St. Louis, USA, catalog number I9516), in an amount 
adequate per 1 mL of TRI-reagent, and the sample was 
washed with 75% ethanol. RNA prepared in that way was 
used for further analysis. The total mRNA was determined 
from the optical density at 260 nm. The purity of total 
RNA was determined by the 260/280 nm absorbance 
ratio (NanoDrop spectrophotometer, Thermo Scientific, 
ALAB, Poland). Samples with 260/280 absorbance ratio 
greater than 1.8 were used in the study. The RNA samples 
were re-suspended in 20 µl of RNase-free water and 
stored at -80°C until further analysis. 

Microarray expression analysis and statistics
Total RNA (100 ng) from each sample was subjected 

to two rounds of sense cDNA amplification (Ambion® WT 
Expression Kit). In this reverse transcription procedure, 
total RNA is primed with engineered primers containing 
a T7 promoter sequence. The reaction synthesizes single-

improved” counting chamber (ISO LAB Laborgerate 
GmbH, DIN EN ISO CERTIFIED 9001) and trypan blue 
(Sigma-Aldrich, Co., St. Louis, MO, USA). Three mln 
cells were seeded onto one flask (Nunclon 25cm3 Cell 
Culture Flask; Sigma-Aldrich Co., St. Louis, MO, USA). 
GCs from all patients were cultured in long-term in vitro 
culture (30 days). Medium was changed twice a week. 
Finally, total RNA was isolated from the GCs after 24 h, 7 
days, 15 days and 30 days of IVC. 

Total RNA isolation 
Total RNA was isolated from the GCs at 4 time 

periods, after 24 h, 7 days, 15 days, and 30 days culture. 
Improved Chomczyński-Sacchi method was used for 
total RNA isolation. The GCs were suspended in 1 ml of 
guanidine thiocyanate and phenol monophasic solution 
(TRI Reagent®, Sigma-Aldrich, USA, St. Louis, USA). 
Chloroform was then added and the sample centrifuged to 
separate 3 phases. The RNA was located in upper phase 
– an aqueous phase. The resulting RNA was intact with 

Table I. Oligonucleotide sequences of primers used for RT-qPCR analysis.

Gene Gene accession number Primer sequence (5’-3’) Product size 
(bp)

CYP11A1 NM_000781.2 AGCCAGCATCAAGGAGACAC
AATTTTCCGGGTCGAAGAAG 170

ADM NM_001124.2 CGTCGGAGTTTCGAAAGAAG
CCCTGGAAGTTGTTCATGCT 232

GCLC NM_001197115.1 ACCATCATCAATGGGAAGGA
GCGATAAACTCCCTCATCCA 182

STAR NM_000349.2 GGCATCCTTAGCAACCAAGA
TCTCCTTGACATTGGGGTTC 199

Il1B NM_000576.2 GGGCCTCAAGGAAAAGAATC
TTCTGCTTGAGAGGTGCTGA 205

POR NM_000941.2 CACAAGGTCTACGTCCAGCA
GCCACGATGTCGTAGAAGGT 143

GAPDH NM_002046 TCAGCCGCATCTTCTTTTGC
ACGACCAAATCCGTTGACTC 90

ACTB NM_001101 AAAGACCTGTACGCCAACAC 
CTCAGGAGGAGCAATGATCTTG 132

HPRT NM_000194 TGGCGTCGTGATTAGTGATG
ACATCTCGAGCAAGACGTTC 141
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summarize results, the Robust Multiarray Averaging 
(RMA) algorithm was used. To determine the statistical 
significance of the analyzed genes, moderated t-statistics 
from the empirical Bayes method were performed. The 
obtained p-value was corrected for multiple comparisons 
using Benjamini and Hochberg’s false discovery rate. 
The selection of significantly altered genes was based on 
a p-value beneath 0.05 and expression higher than two-
fold. The differentially expressed gene list (separated for 
up- and down-regulated genes) was uploaded to DAVID 
software (Database for Annotation, Visualization and 
Integrated Discovery).

Subsequently, sets of differentially expressed genes 
from selected GO BP terms, were submitted to Search 
Tool for the Retrieval of Interacting Genes/Proteins 
(STRING) software for interaction prediction. STRING 
is a database containing information on protein/gene 
interactions, including experimental data, computational 
prediction methods and public text collections.

In order to further investigate the chosen gene sets, we 
investigated their mutual relations with the use GOplot 
package. Moreover, GOplot package allowed us to 
calculate the z-score (the number of up- regulated genes 
minus the number of down- regulated genes divided by 
the square root of the count). Z-score analysis allowed 
us to compare the enrichment of selected Gene Ontology 
Biological Process (GO BP) terms.

Reverse transcription and RT-qPCR
The results obtained during microarray analysis were 

validated using the quantitative RT-qPCR method. For the 
reverse transcription, 1 ug of RNA isolated from GCs in 
particular time intervals (after 24 h, 7 days, 15 days, 30 days 

stranded cDNA containing a T7 promoter sequence. In the 
second step, single-stranded cDNA is converted to double-
stranded cDNA, which acts as a template for transcription. 
The reaction uses DNA polymerase and RNase H to 
simultaneously degrade the RNA and synthesize second-
strand cDNA. The obtained cDNA was used for biotin 
labeling and fragmentation with the use of Affymetrix 
GeneChip® WT Terminal Labeling and Hybridization 
(Affymetrix, Santa Clara, CA, USA). Biotin-labeled 
fragments of cDNA (5.5 μg) were hybridized to the 
Affymetrix® Human Genome U219 Array (48°C/20 h). 
Microarrays were then washed and stained according to 
the technical protocol using the Affymetrix GeneAtlas 
Fluidics Station. The array strips were scanned using the 
Imaging Station of the GeneAtlas System. Preliminary 
analysis of the scanned chips was performed using 
Affymetrix GeneAtlasTM Operating Software. The quality 
of gene expression data was confirmed according to the 
quality control criteria provided by the software. The 
obtained CEL files were imported into downstream data 
analysis software. The CEL file stores the results of the 
intensity calculations on the pixel values of the scanned 
microarray (DAT) file. This includes an intensity value, 
standard deviation of the intensity, the number of pixels 
used to calculate the intensity value, a flag to indicate an 
outlier as calculated by the algorithm and a user defined 
flag indicating the feature should be excluded from future 
analysis. The file stores the previously stated data for each 
feature on the probe array.

All of the presented analyses and graphs were 
performed using Bioconductor and R programming 
languages. Each CEL file was merged with a description 
file. In order to correct background, normalize, and 

Fig. 1. Heat map representation of differentially expressed genes belonging to the “response to estradiol”, “response 
to follicle-stimulating-hormone”, “cellular response to hormone stimulus”, “cellular hormone metabolic process” and 
“hormone biosynthetic process” GO BP terms. Log2 signal intensity values for any single gene were resized to Row 
Z-Score scale (from -2, the lowest expression to +2, the highest expression for single gene).
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demonstrate that GAPDH, HPRT and ACTB mRNAs were 
not differentially regulated in the granulosa cell sample. 

RESULTS

Changes of the GC morphology were presented 
using photos from an inverted microscope that 
employed relief contrast. The GC system achieved 
the spindle-shaped morphology in the primary 
stages of long-term primary culture. After 30 days 
long-term IVC, the GCs exhibited fibroblast-
like cell morphology. In some of the GC primary 
long-term cultures, several epithelial-origin cells 
(e.g. ovarian follicle cells, inadvertently collected 
during puncture) were visible. These cultures were 
immediately discarded from further RNA isolation, 
microarray assays and/or cell freezing.

Whole transcriptome profiling using Affymetrix® 
Human HgU 219 Array microarray allowed to analyze 
the genes involved in GCs’ hormone metabolism 
and cellular response during long-term primary in-
vitro culture. In that way, the expression of 22480 

of culture) was used. Reverse transcription was conducted 
based on the protocols and reagents from SABiosciences 
(RT2 First Stand Kit - 330401), using a Veritimer 96 well 
Thermal Cycler. 

Real-time PCR was performed using the Light 
Cycler® 96 (Roche Diagnostic GmbH, Germany), RT2 
SYBR® Green ROXTM qPCR Master Mix (Qiagen 
Sciences, Maryland, USA) and sequence-specific primers 
(Table I). To quantify the granulosa cell specific genes, 
expression levels of specific mRNAs were calculated in 
relation to Glyceraldehyde-3-phosphate dehydrogenase 
(GADPH), and β-actin (ACTB) and Hypoxanthine 
phosphoribosyltransferase 1 (HRPT1) were used as 
reference genes. Gene expression was analyzed using 
the relative quantification (RQ) method. The q-PCR 
starters were designed using Primer3Plus software (http://
primer3plus.com/cgi-bin/dev/primer3plus.cgi). 

One RNA sample of each preparation was processed 
without the RT-reaction to provide a negative control for 
subsequent PCR. 

To ensure the integrity of these results, the additional 
housekeeping gene was used as an internal standard to 

Fig. 2. Results of RT-qPCR validation of microarray results presented as a bar graph.
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Gene ontology groups and 45 KEGG pathways. In 
this paper we focused on “response to estradiol” 
(GO:0032355), “response to follicle-stimulating-
hormone” (GO:0032354), “cellular response 
to hormone stimulus” (GO:0032870), “cellular 
hormone metabolic process” (GO:0034754) and 
“hormone biosynthetic process” (GO:0042446) GO 
BP terms. These sets of genes were subjected to 
hierarchical clusterization procedure and presented 
as heatmaps (Fig. 1).

RT-qPCR was also employed, with its results 

transcripts was identified. Genes with fold change 
higher than |2| and with corrected p value lower than 
0.05 were considered differentially expressed. This 
set of genes consisted of 2278 different transcripts. 

DAVID was used for extraction of the genes 
belonging to the analyzed GO BPs. Up and down 
regulated gene sets were subjected to the DAVID 
search separately, and only the gene sets which 
displayed adjusted p value lower than 0.05 were 
selected. The DAVID software analysis yielded 
differently expressed genes belonging to 582 

Fig. 3. STRING-generated interaction network among differentially expressed genes belonging to the “response to 
estradiol”, “response to follicle-stimulating-hormone”, “cellular response to hormone stimulus”, “cellular hormone 
metabolic process” and “hormone biosynthetic process” GO BP terms. The intensity of the edges reflects the strength of 
interaction score.
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cell fate determination (10). In addition, this gene 
has been identified in mouse embryonic ovaries and 
plays a key role in maintaining a balance between 
estrogen and progesterone, thus enabling normal 
embryo imagination in the uterus, which is also 
confirmed by the research presented by our team (8). 

The second gene belonging to the “Response to 
estradiol” ontological group is bone morphogenic 
protein 4 (BMP4). It is a secreted ligand of the 
transforming growth factor beta (TGF-beta) protein 
superfamily. Ligands of TGF-betas bind their 
respective receptors on the cell surface, causing their 
phosphorylation. This activates a signaling cascade 
involving recruitment and activation of SMAD 
transcription factors, which then translocate to the 
nucleus to regulate gene expression. BMP4 plays a 
major role in embryonic development, especially 
in induction of dorsal-venal axis and neurogenesis 
(9, 11). It also performs numerous functions during 
organogenesis, including lung morphogenesis, 
limb patterning and tooth development (1). Under 
physiological conditions, BMP4 inhibits the GC 
luteinization process. In addition, BMP4 reduces 
the expression of the gap junction intercellular 
communication (GJIC) genes (3). In the context 
of our research, we can conclude that the increase 
in BMP4 gene expression suggests changes in 
GC properties during long-term in vitro culture. 
BMP4 is responsible for processes related to cell 
differentiation. The next gene, COL1A1, provides 
information for production of a component of type 
I collagen, called the pro-alpha 1 chain. These 
molecules arrange and cross-link to produce mature 
type I collagen. This type of collagen is abundant in 
most connective tissue (bones, tendon, dermis and 
cornea) (12). The presented studies indicate a decrease 
in gene expression closely related to steroidogenesis 
and GC response to steroid hormones. 
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confirming the presence of analyzed gene transcripts 
in the samples. Comparison between the results 
from microarrays and RT-qPCR (Fig. 2) confirmed 
the direction of changes in expression. However, 
as RT-qPCR is a quantitative method, as compared 
to qualitative microarrays, the fold changes of 
expression often varied between those two methods. 
As can be seen, all of the analyzed genes expressed 
downregulation of expression when tested by both 
the microarrays and RT-qPCR. Some of them present 
high scale of changes (STAR), while most of them 
change in moderate to low manner (ADM).

All of the genes analyzed by RT-qPCR (CYP11A1, 
ADM, GCLC, IL1B, STAR and POR) exhibited the 
lowest fold change of gene expression on day 15 
of GCs primary in vitro culture, in reference to the 
starting point. Moreover, in most of the genes, except 
STAR and IL1B, the highest fold change was observed 
on day 7. The highest fold change was observed 
on day 30 of in vitro primary culture for STAR and 
IL1B genes. The most downregulated among these 
terms was the “cellular hormone metabolic process” 
GO, and the least regulated term was “response to 
follicle-stimulating-hormone”.

STRING was used to generate interaction network 
among differentially expressed genes belonging to 
each of selected GO BP terms. The main goal of 
the STRING database is to analyze protein-protein 
interactions, including direct (physical) links and 
indirect (functional) links. Functional interrelations 
depict the relationship between particular proteins 
contributing to a common biological goal. Fig. 3 
illustrates the molecular interaction network formed 
between protein products of studied genes.

DISCUSSION

hGCs are the primary cell type forming the 
follicle, being present in the folliculogenesis and 
oogenesis. The presented research was focused on 
three genes with higher expression after 30 days of 
long-term in vitro culture: NR2F2, BMP4, COL1A1. 

Nuclear Receptor Subfamily 2 Group F Member 
2 (NR2F2)- this ligand, an activated nuclear receptor/
transcription factor, plays a key role in angiogenesis, 
neural development, organogenesis, homeostasis and 
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To the Editor,
In recent years, with the continuous innovation and 

research progress in the field of traditional Chinese 
medicine (TCM), many kinds of TCM have been 
used in the treatment of critically ill patients (1). In 
particular, the combination of euphorbia kansui and 
Western therapies was used to treat severe acute 
pancreatitis (SAP) (2). After a long-term study, it 

was shown that the above method was effective 
in the treatment of SAP (3). There is also evidence 
indicating that cytokines play an important role 
in the pathogenesis of SAP (4, 5). In particular, the 
nuclear transcription factor NF-κB is activated in 
the nuclei of inflammatory cells to promote gene 
transcription of pro-inflammatory cytokines such 
as TNF-α, sTNFR, IL-6, and IL-8. When secreted by 

Key words: Euphorbia kansui; severe acute pancreatitis; inflammatory factors

In this study, effects of euphorbia kansui on serum levels of inflammatory factors in patients 
with severe acute pancreatitis were investigated, and the mechanisms underlying the role of 
Euphorbia kansui in the treatment of severe acute pancreatitis were discussed. 36 patients 
hospitalized in the Third Affiliated Hospital of Wenzhou Medical University from March 
2017 to May 2018 due to severe acute pancreatitis were selected and divided into two groups 
using a randomized grouping method. ELISA (enzyme-linked immunosorbent assay) was 
used to detect expressions of various inflammatory cytokines, such as tumor necrosis factor 
α (TNF-α), soluble TNF receptors (sTNFR), nuclear factor-κB (NF-κB), interleukin-6 (IL-6), 
and interleukin-8 (IL-8), in the serum of patients at different time points. The results showed 
no significant difference between the two groups in terms of age, gender, predisposing factors, 
Balthaza CT scores, and APACHEII (Acute Physiology and Chronic Health Evaluation) scores. 
According to the experimental results, euphorbia kansui effectively reduced the expression of 
inflammation related cytokines, such as NF-κB, TNF-α, sTNFR, IL-6, and IL-8, in the serum 
of patients with severe acute pancreatitis. It was also proposed that euphorbia kansui hindered 
the release of inflammatory factors and treated SAP by inhibiting the activation of the NF-κB 
signaling pathway.
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Grouping
The treatment (conventional treatment) of patients in the 

control group included: fasting, indwelling gastrointestinal 
tube (gastrointestinal decompression) or endoscopic 
indwelling nasointestinal tube, indwelling catheter within 12 
h of admission; proton pump inhibitors + Shanning to inhibit 
the secretion of gastric acid and trypsin; preventive use of 
antibiotics: third-generation Cephalosporin (quinolones for 
allergies) and ornidazole for anaerobic bacteria; drugs to 
maintain water, electrolytes and acid-base balance; drugs 
to prevent septic shock; ECG monitoring and oxygen 
inhalation were used when necessary; nutritional support 
treatment; analgesia and spasmolysis treatment were given 
if necessary; after the recovery of gastrointestinal functions, 
the diet of patients was gradually changed to a fluid diet. 20 
mL of saline was injected as a placebo via the nasointestinal 
or gastric tube, once a day for 7 days.

Euphorbia kansui treatment group: as well as the 
conventional treatment, patients were also treated with 
powdered kansui (The Third Affiliated Hospital of Wenzhou 
Medical University, Wenzhou, China) consecutively for 7 
days. In this treatment, 20 mL of saline was added to 50 
mg of powdered kansui to create a suspension, which was 
administered daily via a gastric tube. The gastric tube was 
clamped once a day for 30-60 min. All drugs were provided 
within 2 h of admission (the dose was calculated as 80 mg/
m2 according to each patient’s surface area). 

Detection of serum levels of inflammatory factors in the 
patients

Peripheral venous blood samples were collected from 
the patients in the control and experimental groups on 
days 1, 3, 5 and 7. The samples were then centrifuged for 
10 min at 40°C and 3000 r/min. 1 ml of upper serum was 
taken and stored at -80°C. The ELISA test was performed 
on the collected serum according to the instructions of the 
ELISA Kit (Boster Biology, California, USA). The kit was 
removed from the refrigerator and equilibrated at room 
temperature for 20 min, and all reagents were carefully 
mixed while the concentrated detergent was diluted with 
double distilled water at a ratio of 1:19; 0.5mL of standard 
diluent was added into the standard tube and gently mixed 
for 15 min until the material was thoroughly dissolved 
and the final concentration of the standard was 6000pg/
mL, which was then diluted to 3000pg/mL, 1500pg/mL, 
750pg/mL, 375pg/mL, and 187.5pg/mL, respectively. The 

inflammatory cells, proinflammatory cytokines can 
further promote the activation of NF-Κb (6, 7). Kansui 
also effectively prevents the progression of SAP in early 
bacterial translocation and hence reduces the incidence 
of subsequent pancreatic and peripancreatic infections 
(8). Meanwhile, kansui also improves microcirculation 
of the gastrointestinal tract and the outcomes of SAP, 
therefore may be significant in the treatment of severe 
acute pancreatitis (9). This study proposed a possible 
signaling pathway underlying the pharmacological effect 
of kansui by identifying its potential targets. Finally, 
it was demonstrated that there was a dose-response 
relationship in the treatment of SAP by Gansui. 

MATERIALS AND METHODS

Patients 
A total of 36 SAP patients who were admitted to the 

Third Affiliated Hospital of Wenzhou Medical University 
from March 2017 to May 2018 were enrolled in this 
study. The subjects were randomly divided into two 
groups: the control group and the Euphorbia injection 
group, with 18 cases in each group. Informed consent 
was signed by all patients and/or their family members, 
and the protocol was approved by the Ethics committee 
of the Third Affiliated Hospital of Wenzhou Medical 
University.

Inclusion criteria: patients with SAP admitted to the 
Department of Hepatobiliary, Pancreatic and Splenic 
Surgery, the Third Affiliated Hospital of Wenzhou 
Medical University; acute pancreatitis patients with organ 
dysfunction, necrosis, pseudocyst, abscess and other local 
complications; in line with three and more of Ranson 
criteria; acute physiology and chronic health status scores 
(APACHEII) of ≥8; Balthaza CT grade of II or above 
(10); patients who gave written informed consent.

Exclusion criteria: patients who did not meet the 
above diagnostic criteria; Patients with advanced tumors; 
patients with primary dysfunction in the heart, brain, 
blood vessels, lungs, liver, kidneys and other important 
organs; patients who also suffered from uncontrolled 
immune system diseases and endocrine diseases; 
patients who also suffered from acute peptic ulcer, 
gastrointestinal bleeding, gastrointestinal perforation, 
and gastrointestinal tract infarction; patients who were 
deemed unsuitable for the clinical research.
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to terminate the reaction (at this point, the blue color in the 
standard well should turn yellow immediately). The plate 
was then assayed on an enzyme labeling instrument for 1 
min under shaking.

Statistical analysis
SPSS 17 statistical software was used for data 

analysis. T was used to detect the normal distribution with 
continuous variables, and data were expressed in mean ± 
standard deviation (x±s). Analysis of variance was used 
for comparison of continuous variables in more than two 
groups. For the same variables involving multiple groups, 
analysis of variance was adopted. The multivariate 
analysis of variance was used to compare multiple groups.

pipette tip was carefully rinsed, and the enzyme labeling 
solution was used to set up sample wells (by adding 50 
uL of diluted standard or test samples into each well, 
respectively), along with blank wells (blank control wells 
without samples or enzyme labeling reagent), followed 
immediately by the addition of 50uL/well antibody 
labeled with biotin. The plate was incubated for 30 min at 
room temperature before adding the biotinylated antibody 
working fluid (100uL/well). Enzyme conjugate solution 
(100uL/well) was added, and sealed with a piece of sealing 
tape before it was incubated at room temperature for 20 
min. l00uL of color TMB was added into each well, gently 
mixed and incubated at room temperature for 20 min in 
the dark. 50 uL of TMB terminator was added to each well 

Table I. Effects of euphorbia kansui on serum levels of NF-κB in SAP patients (x±S, n=18).

serum levels of NF-κB serum levels of TNF

Day Euphorbia 
kansui group Control group F P Euphorbia 

kansui group Control group F P

1 70.175±4.561 70.308±3.174 3.5354 0.001 42.107±4.476 41.564±6.368 -0.817 0.4195

3 51.253±5.174 70.283±3.725 -13.521 <0.001 36.316±4.813 38.432±4.247 -3.899 0.0004

5 40.536±2.122 54.526±2.467 -16.513 <0.001 29.212±4.452 33.721±4.253 -3.874 0.0004

7 31.254±2.243 46.543±3.125 -18.003 <0.001 20.573±1.752 28.256±4.263 -9.429 <0.001

 

 
Table III. Effects of euphorbia kansui on serum levels of IL-8 in SAP patients (x±S, 
n=18). 

 serum levels of IL-8 serum levels of IL-6 
Day Euphorbia 

kansui group 
Control 
group 

F P Euphorbia 
kansui group 

Control group F P 

1 65.412±4.738 65.526±5.637 -0.575 0.5683 85.158±4.124 83.683±3.691 2.992 0.0049 
3 46.343±3.875 51.328±3.215 -4.9597 <0.001 54.134±5.863 58.235±4.469 -2.175 0.0360 
5 31.284±3.592 42.518±2.726 -10.577 <0.001 37.328±4.147 47.481±4.425 -7.142 <0.001 
7 19.827±2.287 32.879±2.842 -17.144 <0.001 29.587±4.316 38.217±3.513 -7.194 <0.001 

 

 
Fig. 1. Effect of Euphorbia kansui on serum NF-κB and TNF-α. A) Euphorbia kansui 
reduced the serum levels of NF-κB more rapidly in SAP patients. B) Euphorbia kansui 
reduced the serum levels of TNF more rapidly in SAP patients.  * P<0.05, compared 
with the control group. 

 

 

Fig. 1. Effect of Euphorbia kansui on serum NF-κB and TNF-α. A) Euphorbia kansui reduced the serum levels of NF-κB 
more rapidly in SAP patients. B) Euphorbia kansui reduced the serum levels of TNF more rapidly in SAP patients.
* P<0.05, compared with the control group.
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kansui group showed significant difference on days 
1, 3, 5 and 7 (P = 0.000).The serum levels of NF-κB 
in the patients of the control group were significantly 
different on days 1, 3, 5 and 7 (P = 0.000).

The serum levels of NF-κB in the patients taking 
kansui and the controls were significantly different 
on each day (P=0.000). The results showed that the 
serum levels of NF-κB in patients of the two groups 
were decreased significantly on days 3, 5, and 7. In 
addition, the level of NF-κB in the euphorbia kansui 
group was significantly lower than that in the control 
group (Table I), and the rate of NF-κB reduction in 

RESULTS

Comparison of clinical data between two groups
The effects of age, gender and predisposing 

factors on the treatment efficacy of the patients were 
studied. There was no significant difference in terms 
of age, sex, inducement, Balthaza CT classification 
and APACHEII scores on day 1 between the two 
groups (P>0.05).

Effects of euphorbia kansui on serum levels of NF-
κB in SAP patients at each time point

The serum levels of NF-κB in the patients of the 

Table II. Effects of euphorbia kansui on serum levels of sTNFR in SAP patients (x±S, n=18).

Day Euphorbia kansui group Control group F P

1 52.812±3.457 53.145±2.763 0.206 0.8379

3 37.524±1.115 41.738±2.164 -6.468 <0.001

5 31.211±1.325 36.263±1.427 -14.105 <0.001

7 23.865±2.327 33.362±2.453 -12.698 <0.001

 
Fig. 2. Euphorbia kansui reduced the serum levels of sTNR more rapidly in SAP 
patients * P<0.05, compared with the control group. 

 

 

 
Fig. 3. Effect of Euphorbia kansui on serum IL-8 and IL-6. A) Euphorbia kansui 
reduced the serum levels of IL-8 more rapidly in SAP patients. B) Euphorbia kansui 
reduced the serum levels of TNF more rapidly in SAP patients. * P<0.05, compared 
with the control group. 

 

 

Fig. 2. Euphorbia kansui reduced the serum levels of sTNR more rapidly in SAP patients * P<0.05, compared with the 
control group.
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the control group (Table II). In addition, the level of 
serum sTNFR declined more rapidly in the euphorbia 
kansui group than that in the control group (Fig. 2). 
On days 3, 5 and 7, the rates of sTNFR reduction in 
the euphorbia kansui group were 30.17%, 42.26% 
and 55.51%, respectively, while the corresponding 
values in the control group were 21.13%, 31.45% 
and 37.29%, respectively.

Effects of euphorbia kansui on serum levels of IL-8 
in SAP patients

The serum levels of IL-8 at days 1, 3, 5 and 7 
were measured and analyzed, and showed significant 
difference (P = 0.000). The serum levels of IL-8 at 
days 1, 3, 5 and 7 in the control group were measured 
and analyzed, which showed significant difference 
(P=0.000).The serum levels of IL-8 at different time 
points in the kansui group were compared with those 
in the control group via analysis of variance. There 
was significant difference in the serum levels of IL-8 
between the two groups (P=0.000).

The experimental results showed that the serum 
levels of IL-8 in the patients of the euphorbia kansui 
group were significantly lower than those in the control 
group (Table III). In addition, the level of serum IL-8 
declined more rapidly in the euphorbia kansui group 
than that in the control group (Fig. 3). On days 3, 5 and 
7, the rates of IL-8 reduction in the euphorbia kansui 
group were 29.11%, 52.08% and 69.65%, respectively, 
while the corresponding values in the control group 
were 21.66%, 35.08% and 51.25%, respectively.

Effects of euphorbia Kansui on serum levels of IL-6 
in SAP patients

The serum levels of IL-6 at days 1, 3, 5 and 7 
were measured and analyzed, and showed significant 
difference (P = 0.000).The serum levels of L-6 at 
days 1, 3, 5 and 7 in the control group were measured 
and analyzed, and showed significant difference 
(P=0.000).The serum levels of IL-6 at different 
time points in the kansui group were compared with 
those in the control group. There was no significant 
difference in the serum levels of IL-6 between the 
two groups on day 1 (P=0.823>0.05), while there 
was significant difference between the two groups 
on days 3, 5 and 7 (P < 0.05).

the euphorbia kansui group was significantly higher 
than that in the control group (Fig. 1). The rates of 
NF-κB reduction were 27.56%, 42.57% and 55.33%, 
respectively, in the euphorbia kansui group on days 
3, 5, and 7, while the corresponding values in the 
control group were 21.78%, 29.67% and 34.85%, 
respectively.

Effects of euphorbia kansui on serum levels of TNF-α 
in SAP patients

The serum levels of TNF-α in the kansui group at 
days 1, 3, 5 and 7 were measured and analyzed, which 
showed significant difference (P=0.000).The serum 
levels of TNF-α in the control group at days 1, 3, 5 
and 7 were measured and analyzed, which showed 
significant difference (P=0.000).The serum levels of 
TNF-α at different time points in the kansui group were 
compared with those in the control group via analysis of 
variance. There was significant difference in the serum 
levels of TNF-α between the two groups (P=0.000).

The experimental results showed that the serum 
levels of TNF-α in the patients of the euphorbia kansui 
group were significantly lower than those in the control 
group (Table I). In addition, the level of serum TNF-α 
declined more rapidly in the euphorbia kansui group 
than that in the control group (Fig. 1). On day 3, 5 and 
7, the rates of TNF-α reduction in the euphorbia kansui 
group were 11.21%, 29.02% and 49.59%, respectively, 
while the corresponding values in the control group 
were 7.09%, 18.12% and 32.06%, respectively.

Effects of euphorbia Kansui on serum levels of 
sTNFR in SAP patients

The serum levels of sTNFR at days 1, 3, 5 and 7 
in the kansui group were measured and analyzed, and 
showed significant difference (P = 0.000). The serum 
levels of sTNFR at day 1, 3, 5 and 7 in the control group 
were measured and analyzed, and showed significant 
difference (P = 0.000).The serum levels of sTNFR at 
different time points in the kansui group were compared 
with those in the control group via analysis of variance. 
There was significant difference in the serum levels of 
sTNFR between the two groups (P=0.000).

The experimental results showed that the serum 
levels of sTNFR in the patients of the euphorbia 
kansui group were significantly lower than those in 
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DISCUSSION

The results of this study suggested that NF-
κB was the initiator and core factor in triggering 
inflammatory responses during SAP. It was also 
suggested that kansui may improve SAP by inhibiting 
the transcriptional activity of NF-κB, reducing the 
release of TNF-α, sTNFR, NF-κB, IL-6 and IL-8, and 
controlling the severity of inflammatory reactions.

Relevant clinical studies have shown that 
kansui not only promotes the gastrointestinal tract 

The experimental results showed that the serum 
levels of IL-6 in the patients of the euphorbia kansui 
group were significantly lower than those in the 
control group (Table III). In addition, the level of 
serum IL-6 declined more rapidly in the euphorbia 
kansui group than that in the control group (Fig.3). 
On days 3, 5 and 7, the rates of IL-6 reduction in 
the euphorbia kansui group were 36.47%, 55.05% 
and 65.14%, respectively, while the corresponding 
values in the control group were 31.44%, 44.02% 
and 55.04%, respectively.

Table III. Effects of euphorbia kansui on serum levels of IL-8 in SAP patients (x±S, n=18).

serum levels of IL-8 serum levels of IL-6

Day Euphorbia 
kansui group

Control 
group F P Euphorbia 

kansui group Control group F P

1 65.412±4.738 65.526±5.637 -0.575 0.5683 85.158±4.124 83.683±3.691 2.992 0.0049

3 46.343±3.875 51.328±3.215 -4.9597 <0.001 54.134±5.863 58.235±4.469 -2.175 0.0360

5 31.284±3.592 42.518±2.726 -10.577 <0.001 37.328±4.147 47.481±4.425 -7.142 <0.001

7 19.827±2.287 32.879±2.842 -17.144 <0.001 29.587±4.316 38.217±3.513 -7.194 <0.001

 
Fig. 2. Euphorbia kansui reduced the serum levels of sTNR more rapidly in SAP 
patients * P<0.05, compared with the control group. 

 

 

 
Fig. 3. Effect of Euphorbia kansui on serum IL-8 and IL-6. A) Euphorbia kansui 
reduced the serum levels of IL-8 more rapidly in SAP patients. B) Euphorbia kansui 
reduced the serum levels of TNF more rapidly in SAP patients. * P<0.05, compared 
with the control group. 

 

 

Fig. 3. Effect of Euphorbia kansui on serum IL-8 and IL-6. A) Euphorbia kansui reduced the serum levels of IL-8 more 
rapidly in SAP patients. B) Euphorbia kansui reduced the serum levels of TNF more rapidly in SAP patients. * P<0.05, 
compared with the control group.
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provided within 48 hours after admission in severe 
acute pancreatitis: A systematic review and meta-
analysis. Medicine (Baltimore) 2018; 97(34):e11871. 

3.	 Mandalia A, Wamsteker EJ, Dimagno M. Recent 
advances in understanding and managing acute 
pancreatitis. F1000Res 2018; 7.

4.	 Shah AP, Mourad MM, Bramhall SR. Acute 
pancreatitis: current perspectives on diagnosis and 
management. J Inflamm Res. 2018; 11:77-85.

5.	 Roberts KM, Nahikian-nelms M, Ukleja A, Lara 
LF. Nutritional aspects of acute pancreatitis. 
Gastroenterol Clin North Am. 2018; 47(1):77-94.

6.	 Shen J, Kai J, Tang Y, Zhang L, Su S, Duan JA. The 
chemical and biological properties of euphorbia 
kansui. Am J Chin Med. 2016; 44(2):253-73.

7.	 Jiang D, Kang A, Yao W, et al. Euphorbia kansui fry-
baked with vinegar modulates gut microbiota and 
reduces intestinal toxicity in rats. J Ethnopharmacol 
2018; 226:26-35.

8.	 Zhang JS, Weng HZ, Huang JL, Tang GH, Yin S. 
Anti-inflammatory ingenane diterpenoids from 
the roots of euphorbia kansui. Planta Med 2018; 
84(18):1334-39.

9.	 Kim YM, Ahn J, Chae HS, Choi YH, Kim J, Chin 
YW. Two new lathyrane-type diterpenoid glycosides 
with IL-6 production inhibitory activity from the 
roots of Euphorbia kansui. Bioorg Med Chem Lett 
2018; 28(7):1207-10.

10.	 Fonteh P, Smith M, Brand M. Adaptive immune cell 
dysregulation and role in acute pancreatitis disease 
progression and treatment. Arch Immunol Ther Exp 
(Warsz) 2018; 66(3):199-209.

11.	 Lin Y, Zhang Y, Shang E, et al. Effect of glycyrrhiza 
on the diuretic function of euphorbia kansui: an 
ascites mouse model. Evid Based Complement 
Alternat Med 2016; 2016:7620817.

accumulation of dirt and excretion of toxin in SAP 
patients, but also absorbs intra-peritoneal fluid and 
enables toxin excretion from the intestinal tract, thus 
alleviating the systemic toxic symptoms of SAP 
(10). It is also suggested that kansui can promote 
the remission of SAP, shorten the disease cycle, and 
significantly reduce the incidence of complications 
and mortality, although the specific mechanisms 
underlying the role of kansui remain unclear (11). 
Numerous studies have shown that among the 
various inflammatory mediators and cytokines 
released during SAP, NF-κB interacts with TNF-α, 
IL-6, IL-8, and sTNFR to stimulate inflammatory 
responses, thus resulting in systemic inflammatory 
damages and organ failure (8).

This study showed that the combined treatment 
of SAP using Western medicine and euphorbia 
kansui produced a significantly higher efficacy than 
the treatment using Western medicine only. With the 
prolonged treatment time, the inhibitory effect of 
euphorbia kansui on the expression of inflammatory 
factors became more significant. Therefore, it can be 
conferred that euphorbia kansui inhibits the release 
of NF-κB, TNF-α, NF-κB, sTNFR, IL-6, and IL-8 by 
decreasing the transcriptional activity of TNF-α. In 
addition, euphorbia kansui may be used to alleviate 
SAP and to control inflammatory responses.
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To the Editor,
Glucose homeostasis requires a complex 

interaction between the liver, muscle, adipocytes, 
pancreas and neuroendocrine system (1). Thus 
diabetes hyperglycemia frequently is linked to 
macro- and microelement disturbances and vitamin 
deficiencies. On the other hand vitamin deficiencies 
and macro- and microelement disturbances may 
contribute to inappropriate glucose metabolism. The 
glycemic target range for patients with T2DM should 

be individualized according to age, stage of disease, 
complications, cognitive status, overall prognosis 
and life expectancy (2). 

Clinical practice, especially in geriatrics, should 
be based on evidence-based medicine (3). Among 
elderly persons, vitamin B12 deficiency may result 
in macrocytic anemia, neuropathy, cognitive 
dysfunction and mental changes. Metformin is the 
oral drug of choice for the treatment of T2DM and 
may increase the risk of vitamin B12 deficiency 

Vitamin and mineral disturbances may interfere with glucose metabolism. Elderly persons with 
diabetes type 2 (T2DM) are more prone to mineral disturbances and vitamin deficiencies. The aim of 
this study was to analyze concentrations of vitamins B12 and D and macro- and microelements among 
diabetic elderly patients. The study enrolled 347 patients with T2DM of whom 247 were elderly (median 
76 years of age) (SenDM group) and 100 younger T2DM (median 59 years of age) (Y-DM group), and 320 
patients aged 65 years and above without T2DM (mean 77 years of age) – Sen-nonDM - as a control group. 
Patient clinical and biochemical characteristics were recorded (drugs taken and glucose concentration, 
glycated hemoglobin level, complete blood count, concentration of Na, K, Ca, Fe and serum vitamins 
D and B12 levels). All elderly patients had insufficient/deficient vitamin D concentration. Vitamin B12 
levels were below the reference limit for 15.6% of the SenDM group. No significant differences in Na, 
K, were observed among the investigated groups. 30.7% of the SenDM were Fe-deficient. In the SenDM 
group, vitamin B12-deficient patients did not develop macrocytic anaemia while Fe-deficient patients 
with T2DM tended to develop microcytic anaemia. The prevalence of vitamin deficiencies in elderly 
patients with T2DM is clinically relevant. Elderly patients with T2DM are clinically predisposed to Fe 
deficiencies. We suggest to monitor vitamin B12 and Fe concentration toward developing a full clinical 
picture as it may accelerate the treatment options and improve elderly patients’ outcome. 
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optimal concentrations, influences mineral balance 
(5). Moreover, evidence exists that serum 25(OH)D 
concentration, the major circulating form of vitamin 
D, may exert positive effects on β cells, insulin 

through several mechanisms (4). 
Uptake of B12 vitamin in distal ileal enterocytes 

are calcium-dependent and calcium concentration is 
affected by vitamin D, the agent that, when present in 

Table I. The investigated patients characteristic and comparison between the groups: young type 2 diabetes patients vs elderly 
type 2 diabetes patients groups (p*) and elderly type 2 diabetes patients vs elderly patients without type 2 diabetes groups (p**).

Y-DM
median

(interquartile range)

SenDM
median

(interquartile range)

Sen-nonDM
median

(interquartile range)
p* p**

Age [years] 59.0 (52.0-61.0) 76.0 (71.0-83.0) 77.0 (71.0-83.0) def NS

Glu [mmol/l] 9.1 (6.8-19.3) 8.6 (6.7-12.9) 6.6 (5.6-8.0) NS def

HbA1c [%] 7.6 (5.9-10.7) 6.6 (5.8-7.6) - <0.02 -

Mean glu [mg/dl] 171.4 (122.6-260.4) 142.7 (119.8-171.4) - <0.02 -
HbA1c (IFCC) [mmol/

mol] 59.2 (40.7-92.9) 48.4 (39.6-59.2) - <0.02 -

Vitamin B12 [pg/ml] 524.4 (365.2-910.0) 350.8 (225.7-541.3) 433.2 (304.7-477.3) <0.003 <0.003
25(OH) Vitamin D [ng/

ml] 14.1 (7.0-21.8) 8.0 (6.8-14.1) 9.6 (7.6-25.0) NS NS

Fe [µg/dl] 64.3 (40.4-123.4) 55.2 (27.0-75.7) 102.8 (40.0-106.3) <0.02 NS

Na [mmol/l] 135.6 (132.8-139.2) 136.6 (132.1-139.5) 137.8 (133.8-140.4) NS <0.02

K [mmol/l] 4.4 (4.0-5.0) 4.3 (4.0-4.9) 4.2 (4.3-4.8) NS NS

Ca [mmol/l] - 2.3 (2.0-2.5) 2.3 (2.2-2.5) - NS

Creatinine  [µmol/l] 78.0 (59.2-107.5) 92.4 (72.6-123.6) 76.9 (61.4-105.4) NS <0.002

eGFR [ml/min/1,73 m2] 60.0 (58.4-60.0) 56.6 (40.9-60.0) 60.0 (45.4-60.0) NS <0.003

WBC [tys/µl] 8.6 (7.0-13.3) 9.6 (7.0-13.3) 9.2 (6.2-13.5) NS NS

RBC [mln/µl] 4.4 (4.0-5.0) 4.2 (3.6-4.6) 4.1 (3.5-4.6) NS NS

HCT [%] 40.0 (35.6-43.7) 37.1 (31.8-40.7) 36.6 (329.9-41.0) NS NS

HGB [g/dl] 13.8 (12.1-15.5) 12.6 (10.7-14.0) 12.5 (10.8-14.1) NS NS

MCV [fl] 89.0 (86.5-93.3) 89.2 (84.8-92.6) 90.5 (85.9-94.6) NS NS

MCH [pg] 31.1 (29.4-32.4) 30.3 (29.0-31.9) 30.5 (28.9-32.2) NS NS

MCHC [g/dl] 34.5 (33.4-35.5) 34.1 (33.0-35.0) 33.6 (32.5-34.5) NS NS

PLT [tys/µl] 221.5 (180.0-280.0) 232.0 (177.0-310.0) 232.0 (173.0-315.0) NS NS
Y-DM: young type 2 diabetes patients group; SenDM: elderly type 2 diabetes patients group; Sen-nonDM: elderly patients 
without type 2 diabetes; p*: p value compared group Y-DM and SenDM; p**: p value compared SenDM and Sen-nonDM; 
NS: not significant; def: different by definition; Glu: glucose on admission; HbA1c: glycated haemoglobin; Mean glu: mean 
glucose derived from glycted haemoglobin; HbA1c (IFCC): glycated haemoglobin according to International Federation 
of Clinical Chemistry; Fe: iron; Na: sodium; K: potassium; Ca: calcium; eGFR: estimated glomerluar filtration rate; 
WBC: white blood cells; RBC: red blood cells; HCT: hematocrite; HGB: haemoglobin; MCV: mean corpuscular volume; 
MCH mean corpuscular haemoglobin; MCHC: mean corpuscular haemoglobin concentration; PLT: platelets
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consent to participate in the study. 
Among the 1,010 patients hospitalized in 2016 in 

the Department of Internal Medicine of the Medical 
University of Silesia, Poland, we included those with 
T2DM (newly diagnosed to 10 years of disease). The 
study included elderly patients with diabetes (according 
to the World Health Organization - 65 years old and over, 
the group termed: SenDM) and younger patients with 
diabetes (less than 65 years old, the group termed: Y-DM). 
Moreover, for the SenDM group, we also matched elderly 
hospitalized patients without diabetes (Sen-nonDM) to 
serve as controls. 

Additional inclusion criteria included: hypertension, 
angina pectoris CCS (Canadian Cardiovascular Society) 
I-II stage, heart failure NYHA (New York Heart 
Association) I-II stage. We also included patients with 
chronic kidney diseases with eGFR (estimated Glomerular 
Filtration Rate) >30 ml/min/1.73m2. No subjects adhered 
to a special diet or used vitamin or mineral supplements.

Exclusion criteria included: end stage of heart failure, 

secretion and insulin sensitivity, either indirectly 
through a modulation of calcium metabolism or 
directly through vitamin D receptor (VDR) and/
or vitamin D binding protein (DBP) (6). Thus, 
vitamin D deficiency may predispose a patient to 
glucose intolerance, altered insulin secretion, insulin 
resistance and T2DM.

Thus, the aim of the study was to evaluate 
vitamins B12 and D deficiencies and macro- and 
microelement disturbances among elderly diabetic 
patients.

MATERIALS AND METHODS

The study was performed in accordance with the 
Declaration of Helsinki of 1975 for Human Research 
revised in 2008 and the study protocol was approved 
by the Bioethics Committee of the Medical University 
of Silesia in Katowice (statements number: KNW/0022/
KB1/38/IV/16/17/18). All subjects gave informed, signed 

Table II. Anti-diabetic drugs used by investigated type 2 diabetes patients: all diabetic patients in young type 2 diabetes 
patients group, and elderly type 2 diabetes patients group.

 Y-DM, n=100 SenDM, n=247 p

Diet 10.0% 9.4% NS

Metformin 28.0% 32.4% NS

Sulfonylurea 11.0% 25.0% p<0.01

Insulin:

Rapid acting 4.0% 2.4% p<0.0001

Short acting 19.2% 18.8% NS

Intermediate 5.0% 7.8% NS

Long acting 11.0% 4.9% p<0.05

Mixed 21.0% 18.4% NS

Other (acarbose, SGLT2) 1.0% 0.4% NS

T2DM: all diabetics; Y-DM: young diabetics group; SenDM: elderly diabetics group; NS: not 
significant; SGLT2: sodium-glucose co-transporter 2 inhibitor.
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(Y-DM group), and 320 patients aged 65 years and over 
without T2DM (Sen-nonDM group). 

Blood sampling and biochemical analysis
Upon hospital admission, fasting blood was collected 

positive history of stroke, neoplastic disease, liver 
cirrhosis and kidney failure.

In total, this observational study enrolled: 347 T2DM 
patients of whom 247 were 65 years old and over (SenDM 
group) and 100 patients with T2DM aged under 65 years 

Table III. The correlation coefficients between vitamins, minerals and biochemical parameters in the studied type 2 
diabetes patients  (all at p<0.05).

DM Y-DM SenDM SenDM
& B12 deficiency

SenDM
& Fe deficiency

HbA1c

& age     -0.2014
& Vit D +0.2814
& Na      -0.2656
& K       +0.1910
& Glu    +0.7392

& age  -0.2475
-
& Na    -0.4305
-
& Glu  +0.7713

-
-
& Na    -0.1743
& K     +0.2391
& Glu  +0.6837

-

-
-
& Na  -0.3828
-
& Glu +0.6910

Vit B12

& Na      -0.2083
& crea   +0.1805
& eGFR -0.2096
& Glu    +0.1698

& Na    -0.5312
-
-
-

-
& crea   +0.2801
& eGFR -0.2916
& Glu    +0.1698

-
-
-
-
& WBC  +0.5953

-
-
-
-
& WBC +0.4449
& RBC   -0.3935

Vit D

& age     -0.3379
& K       +0.3219
-
-
& HbA1c +0.2814

-
-
-
-
-

& age     -0.3034
-
& crea   +0.3237
& eGFR -0.3940

- -

Fe

& eGFR   +0.2217
& WBC   -0.4134
& HCT    +0.1998
& HGB    +0.2818
& MCV   +0.2382
& MCH   +0.3792
&MCHC  +0.4457
& PLT      -0.4385
-

-
& WBC  -0.6533
& HCT  +0.3064
& HGB  +0.3769
& MCV +0.5418
& MCH +0.6091
&MCHC+0.3781
& PLT    -0.3830
& K         -0.3212

-
& WBC   -0.3330
-
& HGB   +0.2025
& MCV   +0.2418
& MCH   +0.2954
&MCHC +0.4188
& PLT     -0.4405
-

-
-
-
& HGB  +0.3175
& MCV +0.3418
& MCH +0.3799
&MCHC+0.4720
& PLT    -0.3446
-

Na

& crea     -0.2111
& eGFR  +0.2057
& Glu       -0.3503
& HbA1c -0.2656

-
-
& Glu      -0.4898
&HbA1c -0.4305

& crea    -0.2869
& eGFR  +0.2057
& Glu      -0.3036
& HbA1c -0.1743

-
-
-
-
& WBC  -0.4628

-
-
& Glu     -0.4961
& HbA1c-0.3828

K & crea    +0.1849
& eGFR   -0.1494

& krea    +0.3777
& eGFR  -0.3468
& WBC  +0.2780

-
-
-
&HbA1c +0.2391

- -

DM: all type 2 diabetes patients; SenDM: elderly type 2 diabetes patients; Y-DM: young type 2 diabetes patients; Vit B12: 
vitamin B12; Vit D: vitamin D; Glu: glucose; HbA1c: glycated haemoglobin; Fe: iron; Na: sodium; K: potassium; crea: 
creatinine; eGFR: estimated glomerluar filtratio rate; WBC: white blood cells; RBC: red blood cells; HCT: hematocrite; 
HGB: haemoglobin; MCV: mean corpuscular volume; MCH: mean corpuscular haemoglobin; MCHC: mean corpuscular 
haemoglobin concentration; PLT: platelets  
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RESULTS

The patients characteristics and comparisons 
between T2DM patients (SenDM and Y-DM groups) 
as well as comparisons between hospitalized elderly 
patients with and without T2DM (SenDM and Sen-
nonDM groups) are shown in Table I. 

No significant differences in CBC, electrolytes 
(Na, K), kidney function and vitamin D levels 
were observed among investigated patients with 
diabetes type 2 (SenDM vs Y-DM), however, the 
SenDM group tended to have lower glucose levels 
upon hospital admission. HbA1c was lower in the 
SenDM group compared to the Y-DM group (p < 
0.02). Lower concentrations of vitamin B12 and Fe 
were found in the SenDM vs Y-DM (p < 0.003 and 
p < 0.02, respectively). Significantly lower vitamin 
B12 concentrations (SenDM vs. Y-DM) were still 
observed (p < 0.02) even after excluding patients 
who used to take metformin. 

No significant differences in CBC, electrolytes 
(K, Ca, Fe), or vitamin D levels were observed 
among elderly patient groups (SenDM vs Sen-
nonDM). Seniors with T2DM compared to seniors 
without T2DM had lower concentrations of vitamin 
B12 and Na, and higher creatinine concentrations, 
and lower eGFR levels (p < 0.003; p < 0.02; p < 
0.002 and p < 0.003, respectively).

Table II lists the anti-diabetic drugs used by 
both T2DM groups: Y-DM vs SenDM (as mono- or 
combination therapy). Concerning these anti-diabetic 
drugs, we noted higher intake of sulfonylureas in the 
SenDM group compared to the Y-DM (p < 0.02) while 
the Y-DM group used to take more frequent, rapid, 
and long-acting insulin compared to the SenDM 
group (p < 0.0001 and p < 0.05, respectively). Both 
groups had comparable diets and metformin intake. 

Furthermore, mineral disturbances and vitamin 
levels were analyzed among the patients with 
T2DM. Concentrations of Na and K below and 
above reference limits were comparable in both 
groups (Na below 38.3% SenDM vs 39.0% Y-DM; 
Na above 1.7% SenDM vs 1.0% Y-DM and K below 
10.8% SenDM vs 8.6% Y-DM; K above 21.3% 
SenDM vs 22.6% Y-DM). Ca was measured only in 
the SenDM group, 27.8% of whom were below the 

by ulnar vein puncture. For each patient, a complete blood 
count (CBC) was obtained by hematological analyzer 
Sysmex 4500 (Siemens, Los Angeles, the USA). Serum 
glucose was measured using the COBAS Integra 400 
(Roche Diagnostics, Basel, Switzerland) with sensitivity 
of 0.6 mg/dL (0.04 mmol/L) and precision 1.4%. Glycated 
hemoglobin (HbA1c) was measured using a turbidimetric 
inhibition immunoassay (TINA) using the COBAS Integra 
400 (Roche Diagnostics, Basel, Switzerland). The final 
results were expressed as HbA1c percent and were calculated 
from the HbA1c/Hb ratio, including a conversion equation to 
match a high performance liquid chromatography reference 
method. HbA1c (%) = HbA1c/Hb × 91.5 + 2.15. 

Plasma concentrations of sodium - Na (reference range 
135.0 – 145.0 mmol/l), potassium – K (reference range 3.5 
- 5.1 mmol/l), calcium – Ca (reference range 2.15 - 2.55 
mmol/l) and iron – Fe (reference range 33-193 µg/dl) as 
well as creatinine – crea (reference range 44 - 88 µmol/l) 
were assessed automatically on the COBAS Integra System 
(Roche Diagnostics, Basel, Switzerland). Moreover, the 
estimated glomerular filtration rate (eGFR) was calculated 
using the modified diet in real disease formula (MDRD): 
eGFR (mL/min/1.73 m2) = {186 x [creatinine]−1.154 

× [age]−0,203 × 0.742 [for women] × 1.210 [for Afro-
American]}.

Serum levels of vitamin B12 and 25-OH-vitamin D were 
measured by electrochemiluminescence binding assay 
(ECLIA) (Elecsys 2010 Analyzer, Roche Diagnostics, 
Basel, Switzerland). Vitamin D insufficiency was defined 
as 25(OH)D levels between 21-30ng/ml and deficiency 
20ng/ml or less. Vitamin B12 deficiency was defined as 
197pg/ml and less.

Statistical analysis
Statistica for Windows (version 12.5, StatSoft, 

Cracow, Poland) was used for statistical analyses. The 
normality of the distribution was assessed using the 
Shapiro-Wilk test. To assess the significance of the 
differences between groups, Mann–Whitney U tests were 
used. Chi-squared analysis was used to test categorical 
variables. As the value distribution was non-Gaussian, the 
results were presented as medians and interquartile range 
for continuous variables and number of cases and percent 
from total for categorical variables. Bivariate correlations 
are expressed as Pearson’s correlation coefficient. A 
p-value < 0.05 was considered statistically significant. 
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in glucose homeostasis (8). In the present study, in 
the SenDM subjects investigated, HbA1c correlated 
inversely with Na and positively with K. Moreover, 
Na correlated with kidney function, indicating 
that chronic kidney diseases may represent a 
relevant clinical complication in the SenDM group. 
Additionally, the SenDM group had poorer kidney 
function compared to the Sen-nonDM group. The 
former developed microcytic anemia whereas we did 
not notice macrocytic anemia in those with vitamin 
B12 deficiency. 

Low plasma concentrations of vitamin D have 
been reported in patients with diabetes (9). Our study 
confirmed 25-OH vitamin D deficiency in patients 
with T2DM, regardless of age. However, those who 
were older more often had a deficiency rather than 
an insufficiency. This may be due to a greater, but not 
significant, decrease in kidney function compared to the 
Y-DM patients. This is in agreement with Al-Shoumer 
et al. who demonstrated prevalent vitamin D deficiency 
in patients with insulin-resistant T2DM (10). 

In conclusion, the prevalence of vitamins B12 
and D deficiencies in elderly patients with T2DM is 
clinically relevant. Elderly patients with T2DM are 
clinically predisposed to Fe deficiencies. We suggest 
to monitor vitamin B12 and Fe concentration toward 
developing a full clinical picture. It may accelerate 
the treatment options and improve elderly patients’ 
outcome.
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To the Editor,
Coronary artery disease, especially acute 

myocardial infarction, is the most common cause 
of death worldwide. More than 7 million people die 

of coronary artery disease every year, accounting 
for 12.8% of all-cause mortality. In Europe, one in 
6 men and one in 7 women will die of myocardial 
infarction (1). Reperfusion therapy in a time window 

Key words: ST-segment elevation myocardial infarction; percutaneous coronary intervention; ticagrelor

Acute ST-segment elevation myocardial infarction (STEMI) is one of the most common cardiovascular 
emergencies. With the improvement of living standards, the incidence and mortality rate of STEMI has 
shown a significant growth trend. Percutaneous coronary intervention (PCI) is the preferred choice for 
the treatment of STEMI, and the rational use of antiplatelet drugs is an important factor for its success. 
Therefore, the correct use of antiplatelet agglutination drugs has become a widespread concern. In order 
to evaluate the clinical efficacy of emergency PCI for patients with acute STEMI, 120 patients  who 
underwent emergency PCT in our hospital between January 2016 and December 2017 were randomly 
selected and grouped into a clopidogrel group (clopidogrel + aspirin) and a ticagrelor group (ticagrelor 
+ aspirin) 60 per group. The thrombolysis in myocardial infarction (TIMI) flow grade of infarct related 
arteries, platelet aggregation rate and P2Y12 response unit before and after PCI and the major adverse 
cardiovascular events (MACE), bleeding events and cardiac function after 30 days were compared between 
the two groups. The results suggested that the proportion of the TIMI flow grade 3 of the ticagrelor group 
was significantly higher than the clopidogrel group after PCI, but the platelet aggregation rate and P2Y12 
response unit were significantly lower, and the differences had statistical significance (P<0.05). After 30 
days of follow up, it was found that the incidence of re-infarction and cardiac death, left ventricular end 
diastolic diameter (LVEED) and left ventricular end systolic diameter (LVESD) of the ticagrelor group 
were significantly lower than those of the clopidogrel group, but the left ventricular ejection fraction 
(LVEF) of the ticagrelor was obviously higher; the differences had statistical significance (P<0.05). None 
of the patients had severe bleeding events, and the difference of the incidence of mild bleeding between the 
two groups had no statistical significance. Therefore,  in conclusion, ticagrelor has better performance in 
inhibiting platelet than clopidogrel and better blood perfusion effect for STEMI patients who undergo PCI 
and it will not increase bleeding risks while improving the short-term prognosis.
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had no statistical significance (P>0.05); hence the results 
were comparable.

Inclusion and exclusion criteria
Patients who satisfied the diagnostic criteria of STEMI 

released by WTO (8), hospitalized within 12 h after onset, 
aged below 80 years, and had two or more continuous ST-
segment elevation in electrocardiography (chest lead > 
0.2 mV and limb lead > 0.1 mV) were included.

Patients who had hepatic and renal insufficiency, 
immune disease, infectious disease, severe coagulation 
function, hematological system disease or malignant 
tumor, could not tolerate surgery, or were allergic to 
treatment drugs were excluded.

Treatment 
All the patients took 300 mg of aspirin (approval 

number of State Food and Drug Administration: 
J20130078; Bayer Health Care Co., Ltd., Germany) 
by chewing after definite diagnosis. Patients in the 
clopidogrel group were given 600 mg of clopidogrel 
(approval number State Food and Drug Administration: 
H20123115; Henan Xinshuaike Pharmaceutical Inc., 
China), and patients in the ticagrelor group orally took 
180 mg of ticagrelor (approval number State Food and 
Drug Administration: J20130020; AstraZeneca AB). Then 
PCI was performed. Femoral artery was firstly punctured 
using percutaneous puncture; then an artery sheath 
catheter was inserted for angiography; a guide wire was 
inserted into the target vessel along the guide catheter; 
dilation started once the sacculus arrived the stricture site. 
After PCI, patients in both groups were given anti-platelet 
maintenance treatment, i.e., orally took 100 mg of aspirin, 
once a day. Moreover, patients in the clopidogrel group 
were given 75 mg of clopidogrel once a day for at least 
one year, while patients in the ticagrelor group were given 
90 mg of ticagrelor, twice a day for at least one year.

 
Observation indexes

The TIMI grade of infarction related forward arterial 
blood flow of the two groups was observed before and after 
PCI. No forward blood flow in the distant end of vascular 
occlusion was determined as TIMI grade 0; if partial contrast 
agent passed through the occlusion site, but failed to fill 
the distant end of blood vessels, it was determined as TIMI 
grade 1; if contrast agent could completely fill the distant 

is the main treatment for acute ST-segment elevation 
myocardial infarction (STEMI) (2, 3). As a drug 
treatment, antiplatelet drugs play an important role 
in inhibiting platelet aggregation and preventing 
stent thrombosis (4). Aspirin and clopidogrel were 
previously often used before surgery, but the clinical 
application of clopidogrel has limitations because 
of its slow acting speed and the existence of drug 
resistance in some patients (5, 6).
Ticagrelor is a new oral anti-platelet drug, 
characterized by faster and stronger anti-platelet 
aggregation. It is the first drug which has been 
proved of being capable of significantly reducing 
risks of cardiovascular events (7). Therefore, 
many international guidelines have recommended 
ticagrelor as an important anti-platelet drug for PCI. 
However, some Chinese researchers have reported 
the clinical efficacy and short-term prognosis of 
ticagrelor combined with aspirin for STEMI patients 
who undergo emergency PCI. The purpose of this 
study was to evaluate the clinical efficacy and short-
term prognosis of ticagrelor combined with aspirin 
in the treatment of STEMI patients who underwent 
emergency PCI.

MATERIALS AND METHODS

General data
One hundred and twenty STEMI patients who 

underwent emergency PCI in our hospital between 
January 2016 and December 2017 were selected, 
including 74 males and 46 females. They were randomly 
divided into a ticagrelor group (N=60) and a clopidogrel 
group (N=60). The patients or their family members 
signed informed consent before treatment, and the 
study protocol has been approved by the medical ethics 
committee of our hospital. In the ticagrelor group, 
there were 31 males and 29 females; they aged 53~75 
years old (average (66.92±8.33) years old); the interval 
between the onset and surgery was 2~9 h (average 
(4.1±1.4) years old). In the clopidogrel group, there 
were 33 males and 27 females; they aged 55~79 years 
old (average (67.21±8.04) years); the interval between 
the onset and surgery was 3~10 h (average (4.2±1.3) h). 
The differences of baseline data between the two groups 
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day of the two groups was recorded. Moreover, the incidence 
of bleeding events of the two groups was also recorded. 
The bleeding severity of the patients was divided into mild 
bleeding and severe bleeding according to TIMI criteria. 
They were followed up for 30 days. LVEF, LVEDD and 
LVESD were detected using ultrasonic cardiogram.

Statistical analysis
Data were statistically analyzed using SPSS ver. 21.0. 

Measurement data were expressed as mean ± standard 
deviation (SD) and processed by t test. Categorical data was 
expressed as rate (%) and processed by Chi-squared test. 
P<0.05 meant the difference had statistical significance. 

end of coronary artery, but the filling and removal speed of 
contrast agent was slower than normal coronary artery, it was 
determined as TIMI grade 2; if contrast agent completely 
and rapidly filled the distant end of blood vessels and were 
rapidly removed, then it was determined as TIMI grade 3. 
The function of platelet was detected before treatment and 24 
h after treatment. Two samples of fasting venous blood was 
collected from each patient, one for detection of adenosine 
diphosphate (ADP) induced platelet aggregation rate using 
turbidimetry and the other for detection of P2Y12 reaction 
unit. The incidence of major adverse cardiovascular events 
(MACE) including re-infarction, cardiac death, malignant 
arrhythmia and intractable angina at the postoperative 30th 

Table I. Comparison of TIMI flow grade.

Group
TIMI flow grade before PCI TIMI flow grade after PCI

Grade 0 Grade 1 Grade 2 Grade 3 Grade 0 Grade 1 Grade 2 Grade 3

Ticagrelor 
group 10(15.15) 28(42.42) 23(34.85) 5(7.58) 0 1(1.51) 5(7.58) 60(90.91)

Clopidogrel 
group 11(16.67) 29(43.94) 22(33.33) 4(6.06) 1(1.51) 2(3.03) 11(16.67) 52(78.79)

     
c2 0.976 0.901 0.879 0.852 1.357 0.632 7.639 8.833

P >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 <0.05 <0.05

Table II. Comparison of platelet function between the two groups before and after PCI. 

Group Time Platelet aggregation rate P2Y12 reaction unit

Ticagrelor group

Before surgery 66.6±4.7 231.3±18.2

24 h after surgery 50.7±4.4*# 180.7±17.9*#

Clopidogrel group

Before surgery 67.1±4.3 229.2±17.1

24 h after surgery 55.3±4.2* 196.3±15.1*

(mean±SD);  *P<0.05 compared to before surgery; #P<0.05 compared to the clopidogrel group.
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of intractable angina; the incidence of MACE was 
16.67%. In the clopidogrel group, there were 4 cases 
of re-infarction, 2 cases of cardiac death, 4 cases 
of malignant arrhythmia and 6 cases of intractable 
angina; the incidence of MACE was 24.24%. The 
difference of incidence of MACE between the 
two groups had statistical significance (c2=6.334, 
P<0.05).

Comparison of incidence of bleeding events between 
the two groups after treatment

None of the patient in the two groups had severe 
bleeding events in the 30-day follow up. The 
incidence of mild bleeding of the ticagrelor group 
was slightly higher than the clopidogrel group 
(6.06% vs 4.55%). The main bleeding events in the 
two groups were gingival bleeding, mucocutaneous 
hemorrhage, melena and gross hematuria. The 
difference of the incidence of bleeding events 
between the two groups was not statistically 
significant (c2=0.976, P>0.05).

Comparison of cardiac function between the two 
groups after treatment

At the postoperative 30th day, the LVEF in the 
ticagrelor group was significantly higher than the 
one of the clopidogrel group, while the LVEDD and 
LVESD of the former were significantly lower than 
those of the latter (P<0.05, Table III).

RESULTS

The comparison of TIMI flow grade between the two 
groups before and after PCI

Before emergency PCI, the TIMI grade of 
infarction related arterial blood flow of the two 
groups had no significant difference (P>0.05). After 
PCI, the proportion of infarction related arterial 
blood flow TIMI grade 3 of the ticagrelor group was 
significantly higher than the one of the clopidogrel 
group (P<0.05, Table I).

Comparison of platelet function between the two 
groups before and after PCI

There was no significant difference in platelet 
aggregation rate and P2Y12 reaction unit between 
the two groups before operation (P>0.05). The 
platelet aggregation rate and P2Y12 reaction unit of 
the patients in the ticagrelor group were significantly 
lower than those in the clopidogrel group 24 h after 
PCI, and the difference was statistically significant 
(P<0.05, Table II). 

Comparison of the short-term MACE between the 
two groups after treatment

Patients in the two groups were followed up 
for 30 days after treatment. In the ticagrelor group, 
there were 2 cases of re-infarction, 1 case of cardiac 
death, 3 cases of malignant arrhythmia and 5 cases 

Table III. Comparison of cardiac function between the two groups after treatment.

Group LVEED(mm) LVESD(mm) LVEF(%)

Ticagrelor group 49.1±2.0 37.3±1.7 55.3±2.6

Clopidogrel group 53.2±2.9 40.3±2.1 51.7±2.8

t 7.027 7.812 7.258

P <0.05 <0.05 <0.05
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6.	 Youn YN, Yi U, Lee S, Joo HC, Yoo KJ. Posttreatment 
platelet reactivity on clopidogrel is associated with the 
risk of adverse events after off-pump coronary artery 
bypass. Am Heart J 2014; 167(6):818-25.
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treatment of thrombotic events. Expert Rev Cardiovasc 
Ther 2016; 14(12):1361-70.

8.	 Antman EM, Anbe DT, Armstrong PW, et al. ACC/
AHA guidelines for the management of patients 
with ST-elevation myocardial infarction-executive 
summary:a report of the American College of 
Cardiology/American Heart Association Task Force 
on Practice Guidelines(Writing Committee to Revise 
the 1999 Guidelines for the Management of Patients 
With Acute Myocardial Infarction).Circulation 
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9.	 Abergel E, Nikolsky E. Ticagrelor: an investigational 
oral antiplatelet treatment for reduction of major 
adverse cardiac events in patients with acute coronary 
syndrome. Vasc Health Risk Manag 2010; 6:963-77.
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U, Noc M. Ticagrelor versus clopidogrel in comatose 

DISCUSSION

Aspirin in combination with clopidogrel as a 
previously used antiplatelet aggregation treatment 
scheme has been found having limitations of long onset 
time and low response or no response in some patients 
(9). Compared to oral administration of clopidogrel, 
the antiplatelet aggregation rate of oral administration 
of ticagrelor (180 mg) was equivalent to the one of 
clopidogrel (600 mg) within 30 min. Moreover, the 
binding of ticagrelor and its receptor is reversible, and 
platelet functions can be restored after drug withdrawal 
to effectively reduce risk of bleeding (10, 11).

The results of this study suggested that ticagrelor 
could significantly improve the TIMI grade of 
infarction related arterial blood flow after PCI, 
which might be correlated to that the effectiveness 
of ticagrelor in reducing platelet aggregation rate 
and P2Y12 reaction unit. It is similar to the research 
results of Gurbel et al. (12). It indicated that ticagrelor 
had stronger platelet aggregation inhibition effect than 
clopidogrel, without the presence of resistance to ADP 
receptor antagonist. Moreover, relevant studies have 
demonstrated that ticagrelor can significantly reduce 
the incidence of MACE of patients with acute coronary 
acute coronary syndrome compared to clopidogrel. 
The results of this study suggested that ticagrelor could 
significantly reduce the incidences of re-infarction 
and cardiac death of STEMI patients who underwent 
PCI in 30 days of follow up, but the differences of 
the incidence of malignant arrhythmia and intractable 
angina between the two groups had no statistical 
significance, which might be related to the small 
sample size and short follow-up time. The further study 
suggested that ticagrelor in combination with aspirin 
could significantly enhance the cardiac function of the 
STEMI patients who underwent PCI.

In conclusion, ticagrelor combined with aspirin 
can effectively reduce the platelet aggregation rate in 
STEMI patients who undergo emergency PCI, which 
is beneficial to the improvement of the clinical efficacy 
and prognosis.
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To the Editor,
Classical phenylketonuria (PKU, OMIM 261600) 

is an inborn error of amino acids metabolism caused 
by a deficiency of the cytosolic enzyme phenylalanine 
hydroxylase (PAH, EC 1.14.16.1), encoded by the 
PAH gene (1, 2). There is a large scale of severity 
of the PAH deficiency. The majority of PAH variants 
are missense, usually resulting in protein misfolding 
and impairment of tetrahydrobiopterin-dependent 
catalytic functions. The R408W (c.1222C>T) 
mutation is the commonest phenylketonuria-causing 

mutation in Northern Europe, arising from at least 
two independent founder events, and which was later 
diffused outside Europe (3). Neonates are screened 
for PKU by measuring phe concentrations in blood 
after birth (1, 2). Early dietary intervention restricting 
phenylalanine (phe) intake has converted PKU to a 
disease with essentially normal neurodevelopment 
and social integration (1, 2). Phe tolerance (mg/day) 
is the amount of phe in the diet that maintains blood 
phe levels within the acceptable range. Clinical 
determination of phe tolerance relies on frequent 

Key words: PKU; phenylalanine tolerance; pregnancy

Dietetic treatment of phenylketonuria (PKU) includes a low-phenylalanine (phe) diet that provides 
sufficient phe for maintenance and growth plus special phe-free formulas with amino acids to meet 
requirements for protein, energy and micronutrients. Rules for predicting phenylalanine tolerance 
changes during the course of pregnancy are not clear. The purpose of this report is to describe phe 
tolerance in pregnant PKU patients with the PAH genotype p.R408W/p.R408W. Low-phe diet was 
started before the pregnancies. The reviewed cases included three PKU women with two pregnancies 
and four PKU women with one pregnancy. Phe restriction in a patient’s diet was determined upon the 
amount of this amino acid intake, which allows for stable blood phe concentrations within the target 
range of 120–360µmol/L. Daily phe tolerance increased from 344±85mg in the pre-conceptional period 
up to 1348±466mg at the end of the third trimester. Before delivery, the lowest and highest phe tolerance 
expressed per kg of the pregnant women’s body weight were 6.8 mg and 26.9 mg respectively. Phe 
tolerance varies greatly even between pregnancies of patients with the same PKU genotype. Further 
research on pregnant PKU patients is essential to identify biological regulators of phe tolerance during 
pregnancy and provide evidence-based guidelines to optimise the dietetic care.

Corresponding Author:
Kamil K.Hozyasz, M.D., Ph.D.
Institute of Health Sciences,
State School of Higher Education
95/97 Sidorska Str., 21-500 Biała Podlaska, Poland
Tel.: +48 602336954
e-mail: khozyasz@verco.com.pl

DIVERSITY OF PHENYLALANINE TOLERANCE IN PREGNANT 
PHENYLKETONURIA PATIENTS HOMOZYGOUS FOR THE p.R408W MUTATION: 

THE NEED FOR IMPROVED UNDERSTANDING OF PHENYLALANINE 
HOMEOSTASIS

K.K. HOZYASZ1 and J. ŻÓŁKOWSKA2

1Institute of Health Sciences, State School of Higher Education, Biała Podlaska, Poland
2PKU Polyclinic, Institute of Mother and Child, Warsaw, Poland

Received September 5, 2018 – Accepted January 10, 2019

LETTER TO THE EDITOR



492

Ms). The blood target range for this amino acid was set at 
120–360µmol/L, according to national recommendations 
(Polish PKU Consensus) (5). Phe concentrations, as well 
as daily dietary records, were assessed at least two times 
weekly during pregnancy with at least quartely clinic 
visits and one time weekly prior to conception (5). Food 
records were analysed to calculate the intake of phe (mg/
day). PKU-patients’ weight was measured weekly in light 
clothing without shoes. Standing height was measured to 
the nearest cm with no hair accessories or shoes. 

Offspring data
The offspring outcome variables were birth body 

weight, body length, occipitofrontal circumference, 
results of newborn PKU screening and examinations for 
congenital anomalies.

RESULTS

Baseline characteristics
Four PKU women with one pregnancy and three 

PKU women with two pregnancies fulfilling the 
inclusion criteria were identified. All patients were 
Caucasians of Polish origin diagnosed by newborn 
screening and categorised as classical PKU. Global 
IQ assessed with the Wechsler Adult Intelligence 
Scale ranged from 85 to 128. Table I includes 
descriptive characteristics of pregnancies and infant 
birth measurements. Half of the participants were 
under the age of 30 years at conception. The course 
of the pregnancies was normal in all ten cases and 
they lasted at least 38 weeks. Infants with normal 
birth weight and occipitofrontal circumference 
were born.

In the month preceding conception mean 
phe concentration was 196±193µmol/L. During 
pregnancy, the mean proportion of time when the 
phe concentrations were >360 µmol/L was lower in 
comparison to the mean proportion of time when phe 
concentrations were in the desirable range, as well as 
<120 µmol/L (Table I). 

Dietetic treatment and phe tolerance
The pre-pregnancy low-phe diet was begun at 

least three months before conception (Table I). 
General vitamin, including folic acid, and mineral 

assessment of blood phe levels in relation to phe intake 
from detailed daily food count forms. For optimal 
pre-conception care, stable blood phe control within 
the therapeutic range of 120–360µmol/L should be 
maintained before females with PKU conceive (1,2). 
Phe intake should provide the minimum requirement 
for this essential amino acid needed to maintain 
physiological protein turnover for current body mass 
of mother and foetus/es. It should be noted, however, 
that there is limited evidence for the practical 
management of pregnant PKU patients (1,2,4). For 
example, rules for the prediction of phenylalanine 
tolerance changes during the course of pregnancy 
are not clear. 

The purpose of this report is to describe phe 
tolerance in pregnant PKU patients with the PAH 
genotype pR408W/pR408W from a mono-ethnic 
population. 

MATERIALS AND METHODS

Patient population and study design
A retrospective review of the singleton pregnancies 

cared for in the PKU Polyclinic of the Institute of Mother 
and Child in Warsaw from 2005 to 2018 was performed 
by examining dietetic and medical notes. Inclusion criteria 
for the study were: a medical diagnosis of PAH deficiency 
due to the PAH genotype p.R408W/p.R408W, not having 
co-morbidities (e.g. hypertension, diabetes), full medical 
history of at least one single pregnancy on low-phe diet 
initiated before conceiving and more than 50% blood phe 
assessments <360µmol/L. Continuing contraception was 
advised until phe levels in the recommended range were 
achieved for at least one month. There is no evidence that 
maintaining blood phe concentrations within the target 
range for a period of several months vs two weeks prior 
to conception is associated with a better outcome (2). 
Gestational age was expressed as the number of weeks 
after the last menstrual period.  

For this project, the IRB issued a waiver since the 
study is retrospective and only anonymized data was used.

Measurement of phenylalanine, dietary records and 
anthropometric data

Fasting blood phe was measured from blood spots on 
filter paper cards by using tandem mass spectrometry (Ms/

K.K. HOZYASZ ET AL.
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Table I. Characteristics of maternal PKU pregnancies.

Demographic features of seven PKU patients (genotype p.R408W/p.R408W) during the course of  ten singleton 
pregnancies and their offsprings’  birth measurements

Age at conception, mean±SD (yrs) 29.5±3.6

Low-phe diet initiated before pregnancy (%) 100

Duration of pre-conception dietary treatment, mean±SD (months) 9.6±6.1

Unrestricted diet before pre-conception dietary treatment (%) 50

Pre-pregnancy weight, mean±SD (kg)1 53.2±6.3

Pre-pregnancy BMI, mean±SD (kg/m2) 20.4±3.0

Weight gain during pregnancy, mean ±SD (kg) 19.5±4.0

Pre-delivery BMI, mean±SD (kg/m2) 27.0±4.1

Phe concentration in trimester 1, mean±SD (µmol/L) 241.6±121.6

Phe concentration in trimester 2, mean±SD (µmol/L) 132.7±36.4

Phe concentration in trimester 3, mean±SD (µmol/L) 185.3±57.4

% of phe assessments >360µmol/L during pregnancy, mean±SD 8.4±8.8

% of phe assessments <120µmol/L during pregnancy, mean±SD 36.0±11.2

Time of delivery, mean±SD (weeks of gestation) 39.5±1.0

Caesarean section2 (%) 30

Low-phe diet 12 months after delivery (%) 60

Sex of offspring, ratio M:F 6:4

PKU-affection in offspring (%) 0

Phe concentration at newborn screening, mean±SD (µmol/L ) 86.2±16.1

Offspring with congenital anomalies (%) 20

Infant birth weight, mean±SD (g) 3341±377

Infant head circumference, mean±SD (cm) 34.0±1.1

Breastfeeding >1 month (%) 50

phe – phenylalanine;1 pre-pregnancy weight (kg) of patients with two pregnancies and their phe tolerance (mg) in the pre-
conceptional period and at the end of trimester three were : 48.5(310/1800)/46.6(240/1800), 53.0(395/1784)/58.7(532/1600) 
and 48.2(275/1037)/45.4(268/410) respectively. The first and third patients abandoned their low-phe diet after 
pregnancies. Pre-conceptional low-phe diet before the first pregnancy was initiated from unrestricted diet only in the third 
patient;2 indications for caesarean delivery were prolonged labour (n=1), hydramnion (n=1) and combined amputation 
and conisation of the uterine cervix (n=1).
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increase of phe tolerance in trimester three of the first 
pregnancy up to 1037 mg, in the second pregnancy 
a reduction of phe tolerance of 20% was noted (to 
410 mg). With a similar supply of energy, the mean 
trimester three phe concentrations in the first and 
second pregnancies were 156 µmol/L (range 38–
353) and 304µmol/L (range 140–530) respectively. 
Total pregnancy weight gain was 13.8 kg and 14.6 
kg respectively.

Breastfeeding and metabolic status of offspring
After labour, more than half of the patients 

continued strict or relaxed low-phe diet for at least 
one year. Patients opted to discontinue their diet 
based upon social convenience. For eight out of ten 
newborns breastfeeding was started, but only half of 
the babies were breastfed for longer than one month 
(Table I). With the exception of two cases with 
congenital heart defects (membranous and muscular 
ventricular septal defects), birth defects were not 
diagnosed in offspring. None of the infants had PKU 
or any degree of persistent hyperphenylalaninaemia 
(Table I).

DISCUSSION

Women with PKU who are pregnant need 
appropriate management to avoid the teratogenic 
properties of raised phe levels (1, 2, 6). A low-phe 
diet is challenging for pregnant phenylketonurics 
and they need much support and education about 
the treatment of PKU in pregnancy (1,2). The 
practical education of patients and the supply of 
information and skills to manage their dietary 
treatment is a key component of care. Prediction 
of phe tolerance changes might help patients and 
medical teams to estimate the scale of needs of 
natural protein restriction for a longer period of time 
during pregnancy. To our knowledge, this is the first 
report on phe tolerance in pregnancies of treated 
PKU patients with a selected genotype. In patients 
homozygous for the mutation p.R408W, mean phe 
tolerance increased four times during pregnancy. 
Interestingly, we observed in the second trimester a 
similar range of phe tolerance, as in the American 
College of Medical Genetics (ACMG) guidelines 

supplementation was given before and during 
pregnancy. A diet restricting natural protein and 
supplemented with special protein-reduced foods, 
(bread, biscuits, flour, pancake mix, rice, noodles, 
milk replacers, chocolate bars, energy jelly, savoury 
foods etc.) and phe-free amino acid substitutes 
(Milupa PKU3 tempora, Milupa PKU3 advanta, 
XP Maxamum, P-AM Maternal, Phenyl-Free 2HP, 
PKU express, PKU cooler) was implemented. The 
function of special protein-reduced foods in the 
PKU diet is to provide energy from carbohydrate-fat 
sources and variety in the diet. Tyrosine-augmented 
phe-free amino acid substitutes (synthetic protein) 
were consumed at least four times daily, because they 
are absorbed and oxidised more rapidly than intact 
protein sources. Fruit and vegetable consumption 
was restricted. The mean daily protein intake from 
amino acid supplement(s) at 14, 28 and 37 weeks of 
pregnancy was: 69.3±5.6g, 87.8±9.8g and 93.7±8.7g, 
respectively. The mean total daily energy intake was 
calculated at 14, 28 and 37 weeks of pregnancy of 
1921±307kcal, 2451±429kcal and 2467±437kcal, 
respectively. Nutritional requirements were 
extrapolated from non-PKU maternal requirements. 
The available evidence suggests that energy 
requirements are not increased in PKU, but protein 
targets based on free amino acid mixtures should be 
approximately 120% of the RDI (1, 2). 

Table II shows mean phe tolerance at the end of 
each trimester in pregnancies of PKU women, who 
went on a phe restricted diet pre-conceptionally. 
The mean phe tolerance ranged from 545 mg in 
the first trimester to 1348 mg before delivery. The 
mean ratio of phe tolerance to the patient’s body 
weight increased three times from 6.6mg/kg b.w. 
before conception to 18.5mg/kg b.w. in the third 
trimester (Table II). Despite the same PAH mutation 
in reported PKU patients, in the third trimester the 
highest phe tolerance was 4.4 fold higher compared 
to the observed lowest value. In the first and second 
pregnancy of one PKU woman (IQ 86), who 
returned to low-phe diet 24 and 12 months before 
each conception respectively, there were similar 
values of phe tolerance pre-conceptionally and in 
trimesters one and two: 275mg/375mg/530mg and 
268mg/294mg/515mg, respectively. Contrary to the 
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from 6 mg/kg b.w. to 30 mg/kg b.w. In our study, the 
highest phe tolerance expressed per kg of pregnant 
woman’s body weight was 26.9 mg. 

Dietary management of pregnant PKU patients 
that is too strict, may be associated with a risk of 
intrauterine growth restriction (IUGR) (1,2). In our 
sample of pregnancies, 36% of phe concentration 
assessments were <120µmol/L, but  IUGR was not 
diagnosed in the offspring. Dietary intake of phe 
should be increased by 50–100mg/day without delay 
if phe concentrations are <120µmol/L (2). In our 
study, mean birth weight was 3.34 kg. Birth weights 
between 3.1 and 3.6 kg (mean 3.3 kg) are associated 
with the optimal ratio of maternal and foetal health 
outcomes (2). It is noteworthy that the highest mean 
trimester phe concentration was in trimester one. 
Meal requirements vary considerably for women in 
the first trimester due to changes in eating behaviour 
and physical activity. Low energy intake is associated 
with higher blood phe concentrations (2). The range 
of total pregnancy weight gain between 13.8 kg and 
27 kg showed that energy demand was sufficiently 
covered in the reported PKU mothers.

Ventricular septal defect is among the most 
common birth defects, with an average prevalence 
of 3.1/10,000 live births in Poland. The mean first 
trimester phe concentrations in two pregnancies 
resulting in offspring with congenital heart defects 
were 266µmol/L and 254µmol/l respectively. Five 
and three months before the conceptions, low-phe pre-
pregnancy feeding plans were clarified. Interestingly, 
there was a difference between the two mothers 

on PKU (1). In the first trimester, however, in one 
out of ten analysed pregnancies, phe tolerance was 
strongly above the upper limit of recommended phe 
intake in the ACMG guidelines on PKU (1300 mg 
vs 770 mg; in this case, IQ 96, pre-conceptional 
phe tolerance was 310 mg) (1). This value is also 
higher than the reported phe tolerance in other 
references (2). In the third trimester, in a pregnancy 
from our sample, phe tolerance was strongly below 
the lower limit of recommended phe intake in the 
ACMG guidelines on PKU (410 mg vs 700 mg) (1). 
Kohlschütter et al. (4) reported a pregnancy of a 
PKU patient with the genotype p.R408W/p.R261Q 
with a foetus homozygous for PKU (genotype: 
p.R408W/p.R408W), in which phe intake could 
not exceed 400–500 mg/day without risking highly 
increased phe blood levels. In our case of very 
low phe tolerance during the course of the whole 
second pregnancy and even phe tolerance reduction 
in trimester three, the foetus was not affected by 
PKU. The pregnancy resulted in a full-term female 
infant without congenital anomalies, who had 
normal birth weight (2630 g, 10p.), length (52 cm, 
>90p.) and head circumference (33 cm, >10p.). This 
case of pregnancy in a PKU patient with genotype 
p.R408W/p.R408W does not confirm the observation 
that lack of impacting phe tolerance increase in 
pregnancy is a marker of foetal PKU-affection (2,4). 
To the best of our knowledge, in a classical PKU 
patient (unknown genotype) with dietary treatment 
started ten weeks before conception, Thompson et 
al. (7) showed the highest increase of phe tolerance 

Table II. Phenylalanine  tolerance  during  pregnancy in maternal PKU.

Phe tolerance in  ten pregnancies of PKU patients with genotype p.R408W/p.R408W

Preconceptional period Trimester 1 Trimester 2 Trimester 3

Total tolerance
(mg/day)

Tolerance per kg 
of body weight

(mg/kg b.w./day)

Total tolerance
(mg/day)

Tolerance per kg 
of body weight

(mg/kg b.w./day)

Total tolerance
(mg/day)

Tolerance per kg 
of body weight

(mg/kg b.w./day)

Total tolerance
(mg/day)

Tolerance per kg 
of body weight

(mg/kg b.w./day)

Mean± 
SD Range Mean± 

SD Range Mean± 
SD Range Mean± 

SD Range Mean± 
SD Range Mean± 

SD Range Mean± 
SD Range Mean± 

SD Range

344±
85

240-
532

6.6±
1.6

5.2-
10.8

545±
288

294-
1300

10.0±
5.5

6.6-
24.5

923±
389

515-
1600

14.8±
6.3

9.4-
26.7

1348±
466

410-
1800

18.5±
6.4

6.8-
26.9
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The number of pregnancies is limited and there was 
lack of information regarding history of nausea 
and vomiting. Unfortunately, blood vitamins and 
micronutrient levels were also unavailable. Despite 
these limitations, this study provides an opportunity 
to understand better the issue of phe tolerance in 
maternal PKU and provides insight into the potential 
need to modify the recommended phe supply. 

In conclusion, phe tolerance varies greatly even 
between pregnancies of patients with the same PKU 
genotype. Clearly, much remains to be learnt from 
the outcome of pregnant PKU patients on various 
modalities of low-phe dietary treatment. Further 
research is needed to identify biological regulators of 
phe tolerance during pregnancy, which is a neglected 
area in the PKU research (6), and provide evidence-
based guidelines to optimise the care of PKU in 
females of childbearing age. 
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To the Editor,
Posterior circulation ischemia (PCI) is a common 

cerebrovascular disease, including post-circulatory 
transient ischemic attack (TIA) and posterior 
circulation infarction (1). Dizziness is the most 
common clinical symptom of PCI (2), and the risk 
factors are similar to those of the internal carotid 
artery system (3). Aortic atherosclerosis is the most 
important cause of PCI (4). Several studies showed 
that 35% of PCI was caused by macrovascular 
atherosclerosis, and 13% was caused by small vessel 
disease. Numerous studies showed that the formation 
of arteriosclerosis and the resulting reperfusion 
injury were associated with oxidative stress and 

inflammatory response (5). It is believed that 
arteriosclerosis is a chronic inflammatory process 
that damages the arterial wall by inflammatory 
factors (6). In many chronic diseases, oxidative stress 
plays a key role. It is a common notion that oxidative 
stress is a common pathogenic pathway leading to 
atherosclerosis and cerebral ischemic attacks due 
to various risk factors. Despite the advancement in 
neuroimaging and examination methods, there are 
still many difficulties in the diagnosis of PCI, and 
the diagnosis of vascular vertigo (VV) is still a 
major problem in clinical work. This study aimed 
to determine the biomarkers of oxidative stress 
and inflammatory cytokine expressions in serum 

Key words: vascular vertigo; oxidative stress; inflammatory response; platelet activation

The aim of this study was to investigate the correlation and clinical significance of oxidative stress and 
inflammatory response in vascular vertigo (VV). The subjects were divided into three groups: vascular 
vertigo (group A), non-vascular vertigo (group B) and controls (group C). The serum levels of IL-6 
(interleukins-6), SOD (superoxide dismutase), MDA (malondialdehyde) and TNF-α (tumor necrosis 
factor-α) and CD62P (also called P-Selectin) activation rates were determined and compared among 
the three groups. The levels of IL-6, TNF-α, MDA and CD62P in group A were significantly higher 
than those of group B and group C (P < 0.05). The SOD level of group A was lower than that of group 
B and group C (P < 0.05). There was no significant difference between groups B and C in IL-6, TNF-
αMDA, SOD and CD62P (P>0.05). In patients with vascular vertigo, TNF-α levels had a weak linear 
correlation with those of low-density lipoprotein (P = 0.025, r = 0.312). There was no linear correlation 
between TNF-α and SOD in patients with VV and non-VV. The occurrence of inflammatory reaction and 
oxidative stress may cause abnormal lipid metabolism in the body and promote the occurrence of VV, 
and platelet activation may be involved in its formation.
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Blood samples
Six mL of fasting venous blood was drawn from 

the elbow of each patient at 8:00 a.m. on the first day 
after admission. Two mL of blood was placed in an 
anticoagulant tube for CD62P activity detection, and 4 
mL of blood was added to a biochemical tube for IL-6, 
TNF-α, SOD and MDA determination.

CD62P-PE detection
Two mL of venous blood was collected in the EDTA-

k2E anticoagulation tube (Wuhan Zhiyuan Medical 
Technology Co., Ltd., China). Fresh samples were allowed 
to stand for 30 min (or centrifuged at 700 rpm for 5 min) 
to harvest platelet-rich plasma. The Falcon tube numbers 
were marked with control tubes and test tubes. 10 μL each 
of anti-human IgG1-PE, PAC-1-FITC, CD61 PerCP and 
RGDS (Glycoprotein ii b/iiia Antagonist) (BD Company, 
USA) was added to the control tube. 10 μL each of CD62P-
PE, PAC-1-FITC, and CD61PerCP (BD Company, USA) 
was added to the test tube, then 10 μL of the treated blood 
sample was added to the test tube and the control tube by 
a micropipette (Shanghai Qiujing Biochemical Reagent 
Instrument Co., Ltd., China), respectively, and the reaction 
lasted 20 min under strict exclusion of light. The above 
anti-platelet monoclonal antibody immunofluorescent 
staining specimens were tested on a flow cytometer (BD 
Company, USA). CellQuest software was used to analyze 
the percentage of CD62-Percp positive platelets.

Detection of SOD and MDA
Two mL of fresh venous blood was centrifuged at 

3000 rpm for 20 min. The supernatant was collected 
and the concentration of SOD and MDA was measured 
using an ELISA-kit (R&D, USA). The serial dilution was 
performed in a small test tube according to the following 
protocol: (a) 80 U/mL standard No. 5, 150 μL of the 
original standard 150 μL + standard dilution 150 μL; (b) 
40 U/mL standard No. 4, No. 5 standard 150μL + standard 
dilution 150 μL; (c) 20 U/mL standard No. 3, No. 4 
standard 150 μL + standard dilution 150 μL; (d) 10U/mL 
standard No. 2, No. 3 standard 150 μL + standard dilution 
150 μL; (e) 5 U/mL standard No. 1, No. 2 standard 150 μL 
+ standard dilution 150 μL. Three wells were set as blank, 
standard, and sample, respectively. 50 μL of the standard 
was applied to the plate on the enzyme label. 40 μL of the 
sample dilution was added to the sample well followed 

of patients with VV caused by PCI, and analyze its 
changes in VV.

MATERIALS AND METHODS

Patients 
Patients seeking medical treatment and requiring 

radiotherapy in The Second Affiliated Hospital of Jiaxing 
University were enrolled from February 2017 to September 
2018. Forty-two cases of VV (VV group, group A), 44 
cases of non-VV (non-VV group, group B), and 40 healthy 
subjects who had no previous vertigo (control group, group 
C) were included in this study. The clinical data of the 
enrolled patients were recorded in detail, and the physical 
examination and auxiliary examination of the nervous 
system were performed. Auxiliary examinations included 
routine blood test, routine urine test, biochemical test, 
cervical artery color Doppler ultrasonography, TCD, head 
MRI (MRA), and head computed tomographic angiography 
(CTA). Informed consent was signed by all patients, and 
the protocol was approved by the Ethics Committee of The 
Second Affiliated Hospital of Jiaxing University.

Inclusion criteria for group A: a) the onset was within 
one week; b) the patient was mainly characterized by 
dizziness, with or without head and limb numbness, 
paresthesia, swallowing or dysarthria, hemianopia, etc.; 
c) evidence of insufficient blood supply to the vestibular 
system, hemodynamic abnormalities or stenosis, occlusion 
or infarction of the posterior cerebral artery, basilar artery, 
vertebral artery; d) more than one risk factor for vascular 
disease; e) patients aged over 45 years.

The patients with vertigo but showing no evidence of 
cerebrovascular disease were excluded.

Inclusion criteria for group B: onset was within one 
week; aged over 45 years; no abnormality in blood vessel 
assessment; no neurological deficit syndrome; diagnosed as 
BPPV (benign paroxysmal positional vertigo), Meniere’s 
disease, and vestibular neuritis.

Exclusion criteria: severe infection and high fever 
two weeks before onset; recent drug intake affecting 
immune function and anticoagulation and anti-platelet 
aggregation drugs; angina pectoris, myocardial infarction, 
cardiomyopathy, rheumatic heart disease, heart failure; 
malignant tumors; serious endocrine disease; severe lung 
infection; immune diseases; chronic renal insufficiency; 
obviously abnormal liver function.
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enzyme labeling reagent was added to each well. After 
sealing, the plate was incubated at 37°C in a constant 
temperature water bath for 30 min. The sealing film was 
gently peeled off, and the liquid was removed and dried. 
Each well was filled with washing solution. After standing 
for 30 s, the waste liquid was removed, and after repeated 
5 times, the wells were patted dry. 50 μL of developer A 
was added to each well, and then 50 μL of the developer 
B was added, which was carefully shaken, mixed, and 
developed at 37°C for 10 min in the dark; 50 μL of the 
stop solution was added to each well to terminate the 
reaction. The blank wells were zeroed, and the absorbance 

by adding 10 μL of the tested sample, and the mixture 
was shaken slightly. After sealing, the plate was incubated 
at 37°C in a constant temperature water bath (Shanghai 
Yuejin Medical Instrument Factory, China) for 30 min. 
The 30-fold concentrated washing solution was diluted 
30 times with distilled water (Qinhuangdao Weimansi 
Environmental Engineering Group Co., Ltd., China) 
to working solution. The sealing film was removed, the 
liquid was discarded, and the well was dried. Each well 
was filled with diluted washing solution standing for 30 
s. The waste liquid was removed and the rinsing was 
repeated 5 times. As for the blank wells, 50 μL of the 

Table I. Demographic and clinical data.

Category Group A Group B Group C P value

Age 62.36±15.82 63.14±16.92 61.52±20.18 0.448

Gender (male/ female) 23/19 24/20 21/19 0.792

Diabetes (case) 11 15 10 0.553

LDL (case) 7 12 12 0.561

Hypertension (case) 13 19 19 0.126

Hypotension (case) 11 17 17 0.083

Table II. Serum SOD expression levels in each group.

Group A Group B Group C

SOD(U/mL) 54.628±3.291*# 61.419±6.193* 69.021±6.012

MDA(nmoL/mL) 5.928±2.103*# 3.577±0.391* 3.829±0.382

TNF-α(pg/mL) 17.281±3.338*# 15.829±3.830* 14.183±3.119

IL-6(pg/mL) 20.228±10.573*# 15.182±4.119* 14.492±3.834

Note: #P<0.05, compared with the non-vascular vertigo group; *P<0.05, compared with the control group.
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kit (R&D, USA). The detection range of the kit was 
7.8pg/mL to 500pg/mL and 10.2pg/mL to 2000pg/mL, 
respectively. The blank, standard, and sample wells were 
set as described in the previous section. The rest of the 
steps referred to the SOD and MDA protocol.

Statistical analysis
Statistical analysis was performed using SPSS 22.0 

statistical software. The continuous data were presented 

(OD value) of each well was measured at a wavelength of 
450 nm. A standard curve was drawn and the OD value 
of the sample was calculated from the linear regression 
equation of the standard curve.

Detection of TNF-α and IL-6
Two mL of fresh venous blood was centrifuged at 

3000 rpm for 20 min. The supernatant was collected for 
detection of TNF-α and IL-6 concentrations by ELISA-

Table III. Correlation between serum TNF-α levels and LDL levels.

Group r P

TNF-α
Group A 0.312 0.025

Group B 0.016 0.883

SOD
Group A 0.109 0.418

Group B 0.213 0.301

Fig. 1. CD62P scatter plot.

 

Fig. 1. CD62P scatter plot. 
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tissues are exposed. Inducers that trigger changes in 
platelet morphology and thrombin react with calcium 
ions in blood cells. Vascular endothelial cells adhere 
to platelets, which connect with fibrinogen. Then 
platelets are aggregated to release a large amount of 
active substances and thrombi are formed. Therefore, 
platelet activation plays an important role in the 
process of thrombosis (12). 

In summary, oxidative stress and inflammatory 
response are involved in the pathophysiological 
process of VV and are associated with the formation 
of atherosclerosis. It is a sensitive biomarker in the 
early stage of vascular vertigo.
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To the Editor,
Advanced stage cancer patients are usually 

exposed to many chemical substances and radiation 
for therapeutic purposes. Thus, immunocompromised 
patients are more likely to develop diseases, such 
as herpes zoster (HZ) or human papillomavirus 
(HPV) (1, 2). Although it may occur at any age, 
most commonly HZ affects elderly individuals 
(3). HZ is an acute herpes skin infection caused by 
varicella zoster virus (VZV). After primary infection 
with VZV (chickenpox), the virus often persists 
asymptomatically in the ganglia of sensory cranial 
nerves and spinal dorsal root ganglia (3) and is 
released to the skin when the immune function is 
reduced (4). Several cancers have been associated 
with increased HZ risk, especially within the first 2 
years after cancer diagnosis and with prevalence to 

younger individuals (5). HZ most commonly occurs 
in patients with hematologic malignancies (6). 
Studies report that HLA-alleles may be combined 
with impact molecules, peptides and T cells, which 
control the exogenous and antigen specificity 
immune response by forming different genotypes 
of disease susceptibility (7). Even if its function is 
not yet fully known, elevated AF1q expression may 
be associated with poor clinical outcomes in various 
malignancies (8). This study aimed to evaluate the 
AF1q gene polymorphisms and the AF1q blood 
protein concentration levels during acute HZ periods.

MATERIALS AND METHODS

Subjects
For the present study a total of 40 individuals were 

Key words: AF1q gene; leukemia combined with herpes zoster; iTraq: gene polymorphism; proteomic markers

The present study investigated two potential AF1q gene polymorphism proteomic markers in patients 
with both leukemia and herpes zoster. A total of 40 individuals were randomly divided into two groups: 
Group A consisted of herpes zoster acute phase leukemia patients and Group B of healthy volunteers. 
Two polymorphisms, one in the promoter area and one in exon 1 of the AF1q gene were detected by 
polymerase chain reaction (PCR) - restriction fragment length polymorphism (RFLP). BbvI and MseI 
digestion of each AF1q gene polymorphism PCR amplicon revealed three distinct genotypes for each 
polymorphism. Proteomic results were extracted by iTraq. These results suggest that AF1q is involved 
in the pathogenesis of leukemia combined with herpes zoster.
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forward 5’-GCTCTAGTTCCTGAAGACCT-3’ and 
reverse 5’-AGTGTCACTCACCTTTGCAG-3’ as 
oligonucleotide primers. PCR products were then digested 
with BbvI. 

To verify successful digestion, one digested sample 
of each promoter and exon-1 allele, respectively, were 
further confirmed by sequencing.

PBMC isolation, protein extraction and quantitation
According to the Bradford method, 5 ml of venous 

blood from each patient were collected in heparinized 
tubes. Total proteins were extracted and measured using 
the BCA protein assay kit (Thermo Scientific), as reported 
previously (9). Proteins were then stored at -80°C for 
further analysis.

iTRAQ labeling and strong cationic exchange (SCX) 
fractionation

Following the iTRAQ protocol (Applied Biosystems, 
Foster City, CA, USA), each 100 μg protein was digested 
with 0.2 mL of a 50 μg/mL trypsin (Promega, Madison, 
WI, USA) at 37°C for 16 h. Peptides were labeled with 
isobaric tags 118 (normal control group), 119 (untreated 
rd12 group), and 121 (treated rd12 group) and incubated 
at room temperature for 2 h. Then the labeled mixtures 
were dried by vacuum centrifugation, desalted with Sep-
Pak Vac C18 cartridge 1 cm3/50 mg (Waters, USA), and 
fractionated using a ShimazuLC-20AB HPLC Pump 
system (Shimazu, Japan) connected to a strong cation 
exchange (SCX) column (polysulfoethyl column, 2.1 mm 
× 100 mm, 5 μm, 200 Å, The Nest Group, Inc. USA). SCX 
separation was performed using a linear binary gradient 
of 0–45% buffer B (350 mM KCl, 10 mM KH2PO4 in 
25% ACN, pH 2.6) in buffer A (10 mM KH2PO4 in 25% 
ACN, pH2.6) at a flow rate of 200 μL/min for 90 min, and 
30 fractions were collected every 3 min. Each fraction 
was dried down and redissolved in buffer C [5% (v/v) 
acetonitrile and 0.1% formic acid solution], and the 
fractions with high KCl concentration were desalted with 
PepClean C-18 spin Column (Pierce, USA).

LC-ESI-MS/MS Analysis
Each fraction was resuspended in buffer A (2% ACN, 

0.1% FA) and centrifuged at 20,000 ×g for 10 min. In 
each fraction, the final concentration of peptides was 
approximately 0.25 μg/μL. Using an autosampler, 20 μL 

recruited. Participants were divided into 2 groups (Group 
A and Group B). Group A consisted of 20 patients, 
including 10 males and 10 females, aged 27-65 years 
(45±3.21 years), diagnosed with leukemia combined with 
HZ by a hematologist at the Jilin University First Hospital, 
who were recruited between August 2016 and August 
2017. Group B (control group) consisted of 20 volunteers, 
10 males and 10 females, aged 27-65 years (43±7.25 
years) with normal medical laboratory test results and 
confirmed negative clinical evidence of any disease. All 
the participants signed an informed consent agreeing to 
be included in the study. The study was approved by the 
Ethics Committee of the First Jilin University Hospital.

Inclusion criteria: patients from group A were 
in acute HZ state, onset 1~7 days, VZV viral load 
gradually increasing (peripheral blood was extracted 
for blood sample testing then diagnosed according to 
serology index); disease duration ≤3 days; no antiviral or 
glucocorticoid treatement before study inclusion. 

Exclusion criteria: patients with non-herpes zoster-
caused neurological injury, patients with other severe 
organ functional disorders, with malignant tumor and/or 
immunological disease, patients with mental illness history 
or who had been long-term treated with glucocorticoids, 
immunosuppressive agents, and/or immune enhancers, 
and pregnant or lactating women. 

Genetic screening AF1q gene (rs10749659, rs2140709 
and rs3738481)

AF1q gene polymorphism in the promoter area 
was detected by polymerase chain reaction (PCR) - 
restriction fragment length polymorphism (RFLP). PCR 
was performed using 0.2 mg genomic DNA, 1 U Taq 
polymerase, 10 pmol of appropriate primers, and 200 mm 
dTNPs under the following conditions: initial denaturation 
for 4 min at 92°C, annealing for 45s at 52°C, extension 
for 30s at 70°C, denaturation for 45s at 92°C. In total, 30 
cycles were carried out, and final extension for 10 min 
at 70°C. The amplified products were then digested with 
appropriate restriction edonuclease (MseI) and analyzed 
on 3.5% agarose gels. The oligonucleotide primers used 
were forward 5’-AATGGAATTGGACTGGATGGT-3’ 
and reverse 5’-TTTACGAGAAGGAAGCGGTG-3’. 
PCR products were cut with MseI. 

PCR conditions for exon 1, position 39, A/G 
polymorphism were the same as the previous using 
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voltage was 1.5 kV. Automatic gain control (AGC) was 
used to prevent overfilling of the ion trap; 1 × 104 ions 
were accumulated in the ion trap to generate HCD spectra. 
For MS scans, the m/z scan range was 350 to 2,000 Da.

Statistical analysis
Distributions of alleles in patients and controls 

were compared using Fisher’s exact test. Values of P 
< 0.05 were regarded as significant. MASCOT version 
2.3.02 (Matrix Science, Ltd., London, UK) was used 
to analyze the identification and quantification of the 
proteins. The peptide sequences were searched in the 
nonredundant NCBI database. The search criteria were 
set to permit a maximum of 1 missed cleavage. Certain 
peptide modifications were permitted: for example, 
Gln.>pyro.Glu, iTRAQ 8plex, Phospho. The values 
supplied with the Applied Biosystems reagents were 
used to carry out automatic isotope correction through 
both software packages. Subsequently, Gene Ontology 
(GO) (http://www.geneontology.org) was used to 
elucidate the molecular function, biological process 
and cellular component associated with each individual 
protein.

of supernatant was loaded onto a 2 cm C18 trap column 
(inner diameter 200 μm) on a Shimadzu LC-20AD 
nanoHPLC. Peptides were eluted onto a resolving 10 cm 
analytical C18 column (inner diameter 75 μm) that was 
assembled in-house. The samples were loaded at 15 μL/
min for 4 min and eluted with a 44 min gradient at 400 nL/
min from 2 to 35% B (98% ACN, 0.1% FA), followed by 
a 2 min linear gradient to 80% B, maintenance at 80% B 
for 4 min, and finally a return to 2% B over 1 min.

The peptides were subjected to nanoelectrospray 
ionization followed by tandem mass spectrometry (MS/
MS) in an LTQ OrbitrapVelos (Thermo) coupled in-
line to the HPLC. Intact peptides were detected in the 
Orbitrap. Peptides were selected for MS/MS using the 
high-energy collision dissociation (HCD) operating mode 
with a normalized collision energy setting of 45%. Ion 
fragments were detected in the LTQ. A data-dependent 
procedure that alternated between one MS scan followed 
by eight MS/MS scans was applied for the eight most 
abundant precursor ions above a threshold ion count of 
5,000 in the MS survey scan with the following Dynamic 
Exclusion settings: repeat counts: 2; repeat duration: 30 s; 
and exclusion duration: 120 s. The applied electrospray 

Table I. AF1q exon 1 polymorphism in leukemia combined with herpes zoster acute stage patients (Group A) and controls 
(Group B).

Genotype/allele/phenotype Group A 
n=20(%)

Group B  
n=20(%)

Genotype frequencies

GG (Ala/Ala) 5 (25) 7 (11)

AG (Thr/Ala) 11 (51) 14 (59)

AA (Thr/Thr) 4 (24) 9(30)

Allele frequencies

G (Ala) 89 (72) 96 (56)

A (Thr) 62(28) 71 (44)

Phenotype frequencies

G positive 83 (85) 84 (86)

A positive 62 (74) 67 (76)
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frequency of G/G allele (25 vs 11%) and a slight 
decrease in A/A allele (24 vs 30%) were observed in 
herpes zoster leukemia patients as compared to the 
control group. However, these differences were not 
statistically significant (P=0.316). 

Since G to A transition at position 45 leads to 
an alanine to threonine amino acid substitution, 
phenotype and allele frequencies were further 
analyzed. It appeared that G positive phenotype 

RESULTS

AF1q was located at position 45. The amplified 
PCR product was 160bp. After BbvI digestion, three 
genotypes could be identified, i.e. A/A allele (one 
band at 160 bp); A/G allele (three bands: 160, 87 
and 73bp); and G/G allele (two bands at 89 and 71 
bp). The heterozygous A/G allele was a predominant 
AF1q polymorphism genotype. An increase in the 

Table II. Different protein expression in the two groups.

Participants Regulation type proteins E n r i c h m e n t 
ratio P

P02741 Upregulation CRP 21.31 0.001

P69891 Upregulation HBG1 12.12 0.001

P69892 Upregulation HBG2 10.23 0.001

P0DJ18 Upregulation SAA1 8.65 0.001

P0DJ19 Upregulation SAA2 7.54 0.001

075636 Upregulation FCN3 4.12 0.001

Q6UXB8 Upregulation P116 5.12 0.001

P08519 Downregulation APOA 7.12 0.001

P02776 Downregulation PLF4 8.12 0.001

P05546 Downregulation HEP2 6.21 0.001

Fig. 1. Percentage of molecular function in each group (Group A: Leukemia combined with herpes zoster acute stage. 
Group B: healthy volunteers.)
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the cell communication presented decreased activity. 
In the leukaemia combined with herpes zoster acute 
stage, the cellular protein modification, organic acid 
metabolism, cofactor metabolism and translation 
presented the least activity.

DISCUSSION

Although the pathogenesis of the combination of 
leukemia and HZ is unknown, abnormalities in the 
immune system function certainly play a significant 
role. Consequently, it is reasonable to claim that 
the expression and function of AF1q gene might be 
defective in patients with leukemia and HZ. In other 
words, we can also indicate the significant role of 
AF1q in the occurrence and development of HZ. 
Until today, it was believed that AF1q correlates 
to the occurrence of leukemia, however the results 

and G allele frequencies were increased in leukemia 
accompanied by herpes zoster compared with normal 
controls. There were no statistically significant 
differences between leukemia accompanied by 
herpes zoster and controls (P< 0.454 and 0.182, 
respectively). These results are shown in Table I.

Compared with the control group, in Group A 
285 proteins were upregulated and 121 proteins 
were downregulated (Table II). Of these, a 
difference of a multiple of ≥0.5 points identified 604 
differential candidates, a difference of upregulated 
>18 points included 5 proteins and a difference of 
downregulated <0.13 points included 3 proteins. 
There was a difference between the functional and 
protein processes between the two groups (Fig. 1 
and Fig. 2). The most expressed molecular function 
in each group was the nucleotide metabolism and 
oxidation-reduction. In the healthy control group, 

Fig. 2. Biological process (Group A: Leukemia combined with herpes zoster acute stage. Group B: healthy volunteers). 
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of this experiment led us to discover a different 
aspect of the AF1q, HZ and leukemia correlation. 
However, modified genes can affect the development 
of leukemia, leading to HZ (10).The results showed 
that the enriched protein has many differences in 
cell processes: single-organism processes, cellular 
processes and acid binding transcription factor 
activity. 

Leukemia presents a poor prognosis especially in the 
types with molecular abnormalities. The recurrence rate 
after chemotherapy-induced remission is higher (11). 
We used the gene polymorphism and the quantitative 
analysis of proteome to observe the changes of HZ 
in acute periods. Although it was not clear how AF1q 
regulated blood protein changes, the mutation site 
was found. AF1q gene polymorphism was located at 
position 45. The same candidate proteins were SAA1 
and SAA2. Further studies should be carried out 
to explore the correlation between specific protein 
and AF1q gene in order to elucidate the molecular 
mechanisms that regulate these processes. 
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To the Editor,
Bone defect is a common disease caused by 

trauma, infection, tumor, osteomyelitis, debridement, 
and various congenital diseases (1). Traditional 
Chinese medicine can promote the proliferation of 
osteoblasts and regulate their activity (2). To date, a 
large number of experimental studies have confirmed 
that Astragaloside IV, an active component of 
Astragalus membranaceus, exerts a good osteogenic 
effect (3, 4). At present, bone marrow stromal cells 
are often used as seed cells in conjunction with other 
agents to promote the repair of fractures and bone 
defects (5, 6). Osteoblasts play an important role in 
the growth and metabolism of bone tissue as well 
as in the repair of bone defects (7). However, the 

mechanism underlying the role of Astragaloside IV 
in promoting the proliferation and differentiation of 
osteoblasts is still unclear. Therefore, in this study, 
osteoblasts derived from rat bone marrow stromal 
cells were cultured in vitro to observe the effect of 
Astragaloside IV on the proliferation of osteoblasts.

MATERIALS AND METHODS

Animals
Sixteen new-born rats aged < 24 h (weight 70-

90g) without limitation of gender were purchased 
from Ji’nan Jinfeng Experimental Animal Co., 
Ltd, China. The housing conditions of rats were as 
follows: room temperature 19-24°C, noise less than 

Key words: Astragaloside IV; osteoblast; bone defects; ALP

To explore the possible cytological mechanism underlying the role of Astragaloside IV in promoting 
the repair of bone defects, osteoblasts were cultured in vitro and identified using inverted phase contrast 
microscopy, alkaline phosphatase (ALP) staining and alizarin red staining. Subsequently, cells were sub-
cultured into 24-well plates with different concentrations (0.1 μg/mL, 1 μg/mL, 10 μg/mL, 100 μg/mL, 
and 1000 μg/mL) of Astragaloside IV before the content of ALP in the culture medium was determined. 
Using a similar method, a proliferative assay of the cells was carried out to determine the proliferation 
ability of cultured osteoblasts. The results showed that 1μg/mL, 10μg/mL and 100μg/mL Astragaloside 
IV solutions promoted proliferation of osteoblasts, while 10μg/mL and 100μg/mL promoted the secretion 
of ALP by osteoblasts. In conclusion, Astragaloside IV of concentrations in a certain range can promote 
the proliferation and differentiation of osteoblasts, suggesting the presence of a cytological mechanism 
underlying its role in promoting the repair of bone defects.
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and incubated in a 37°C and 5% CO2 incubator 
(Shanghai Jinghong Experimental Equipment Co., 
Ltd., China), with the culture medium changed after 
24 h. After the cells reached 60%~70% confluency, 
they were digested by 0.25% trypsin (Abcam, USA) 
and used as primary osteoblasts.

Subculture of osteoblasts
The primary osteoblasts were cultured for 10 

days. After the cells almost fused into a monolayer, 
the cells were digested by 0.25% trypsin into a 
single cell suspension and then inoculated into a new 
culture flask for subculture. The cells were cultured 
in a 37°C and 5% CO2 incubator of saturated 
humidity and observed daily under an inverted phase 
contrast microscope, and the culture medium was 
changed every 3 days. After successful subculture 
and when the cells almost fused into a monolayer, 
they were digested and sub-cultured similarly to 
obtain subsequent generations of cells.

Cell observation and identification 
The growth, proliferation and morphological 

characteristics of cultured cells were observed daily 
under an inverted phase contrast microscope.

The Gomori calcium cobalt method was used 
for ALP staining. Cell cap slides were washed and 
incubated with PBS for 5 min. They were then 
fixed with cold acetone (Abcam, USA) for 10 
min, washed with distilled water for several times, 
and incubated with ALP in an incubator (5 mL 3% 
ß-sodium glycerophosphate,  5 mL 2% barbiturate 
(Abcam, USA), 10 mL 2% CaCl2, 1 mL 2% MgSO4, 
and 10 mL distilled water) at 37°C for 4 ~ 6 hours. 
Subsequently, the slides were rinsed with distilled 
water several times, soaked in 2% cobalt nitrate 
solution for about 3-5 min, rinsed with distilled water 
again, and then placed in 1% ammonium sulfide 
solution for 2 min. After being rinsed with tap water, 
the slides were dried, mounted and observed under a 
light microscope.

The purified cells derived from the 4th 
generation were inoculated into a 24-well plate at 
a concentration of 1 x 107 cells/L and cultured in 
an incubator (Shanghai Jinghong Experimental 
Equipment Co., Ltd., China) at 5% CO2 and 37°C 

60dB, humidity 50-60%, and illumination 12h/d; 
feed and bedding were sterilized by high pressure and 
high temperature, and drinking water was sterilized 
by high temperature. The experiment was approved 
by the Ethics Committee of Hangzhou Normal 
University Affiliated Hospital and conformed to the 
International Regulations on Animal Protection and 
Management.

Preparation of culture medium
Standard culture medium was used as basic culture 

medium and blank control culture medium. DMEM 
(Dulbecco’s modified eagle medium) complete 
culture medium contains 10% fetal bovine serum, 
100U/mL penicillin, and 100U/mL streptomycin). 
Culture medium containing Astragaloside IV 
(Beijing Solarbio Technology Co., Ltd. China) was 
used as the culture medium for the experimental 
group. Different concentrations of Astragaloside 
IV were added into the standard culture medium to 
generate Astragaloside IV-containing culture media. 
Then, L-glutamine was added to the culture medium 
in about two weeks after start of the culture.

Primary culture of osteoblasts
Sixteen neonatal rats aged less than 24 h were 

intraperitoneally injected with 10% chloral hydrate 
solution (Abcam, USA) (0.35mL/100g body weight) 
for anesthesia and sacrificed by neck dislocation. 
The skull was collected from the rats and disinfected 
with 75% ethanol for 5 min. The skull was then 
put into phosphate buffer solution (PBS) (pH 7.2-
7.4) to remove the periosteum and its surrounding 
connective tissues and blood vessels. Subsequently, 
the skull was washed with PBS 2-3 times until no 
blood stains were seen. The bone tissues were 
then cut into blocks and digested with 0.2% I-type 
collagenase (Shanghai Yubo Biotechnology Co., 
Ltd., China) and 0.1% hyaluronidase under aseptic 
conditions for 5 cycles, with 20 min per cycle. After 
3, 4, and 5 cycles of digestion, respectively, cells 
were collected and centrifuged for 10 min at 1000 
r/min. After the supernatant was discarded, the cells 
were suspended in a DMEM medium containing 
10% fetal bovine serum (Thermo Fisher Scientific, 
USA), mixed evenly, inoculated into culture flasks, 
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changed once every 3 days. When the osteoblasts 
attached to the bottom of the plate, the culture 
medium was aspirated and the cultured osteoblasts 
were divided into 4 groups, with 6 compound holes 
for each group. The control group was cultured in a 
DMEM medium containing no fetal bovine serum; 
the other three groups were cultured in the presence 
of 1μg/mL, 10μg/mL, and 100μg/mL Astragaloside 
IV. After 4 h, the supernatant in each well was 
collected and the ALP content in the supernatant 
was quantified by an Olympus 2500 automatic 
biochemical analyzer. No repetitive tests were 
required.

for 25 days. Subsequently, the cells were stained 
with 0.1% alizarin red to observe the formation of 
mineralized nodules.

Quantitative determination of ALP
After the osteoblasts cultured in 10% fetal 

bovine serum were made into a cell suspension at a 
density of 5 x 104/mL, they were seeded into a 24-
well culture plate in 1mL/well of culture medium 
and cultured in a 37°C and 5% CO2 incubator. After 
the cells were cultured for 1 day, the medium was 
replaced with a fresh culture medium containing 
10% fetal bovine serum, and then the medium was 
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large cell size and single nuclei. The adherent cells 
began to adhere to the wall of the culture flask 
within 24-36 h, and the number of adherent cells 
increased significantly after 36-48 h. After 72 h, the 
adherent cells showed spindle-shaped appearance 
with many long cytoplasmic processes and large 
nuclei. After 5~8 days, the cells proliferated and the 
number of cells further increased to form colonies. 
After 10~14 days, monolayer of cells fused and 
the cells were transformed into a fusiform (Fig. 1). 
After trypsin digestion, the cells became round and 
could be detached from the bottom of the culture 
flask. Most of the cells adhered to the wall within 
24 h after subculture and proliferated rapidly in 72 h 
after subculture. The cells fused into a monolayer in 
5-7 days after subculture, and the cells were mostly 
spindle-shaped with about 2-3 large protrusions.

Staining results
ALP staining results showed that there were 

gray-black granular or massive precipitates in the 
cells, and the staining was obviously seen in the 
cytoplasm, as shown in Fig. 2A. The results of 
alizarin red staining showed that the presence of 
red-positive nodules with different size and shapes 
confirmed the mineralization of these nodules, as 
shown in Fig. 2B.

Results of qualitative measurement of ALP 
ALP content in the culture medium was measured. 

The statistical analysis showed obvious difference 
in ALP values of 10μg/mL and 100μg/mL groups 
compared with the control group, but no obvious 
difference was found between the l μg/mL group and 
the control group (Table I). 

Results of cell proliferation measurement 
On days 1, 3, 5, 7, and 9 after mouse-derived 

osteoblasts were treated with different concentrations 
of Astragaloside IV, significant difference was 
observed among 1μg/mL, 10μg/mL, 100μg/mL 
groups and the control group (P<0.05), especially 
among 10μg/mL, 100μg/mL and 1000μg/mL groups 
(P<0.01). As a result, 1μg/mL, 10μg/mL, and 100μg/
mL Astragaloside IV could promote the proliferation 
of osteoblasts, but 1000μg/mL Astragaloside IV 

Cell proliferation assay
Osteoblasts of the second generation were 

digested and suspended in 0.25% trypsin. The cells 
were then inoculated into five 96-well plates at 1 x 
103 cells/well in 200μL/well of culture medium. The 
cells were then incubated in a 5% CO2 and 37°C  
incubator until the cells formed a single layer at the 
bottom of the wells (in 96-well plates with a flat 
bottom). Subsequently, different concentrations of 
Astragaloside IV (with final concentrations of 0.1μg/
mL, 1μg/mL, 10μg/mL, 100μg/mL, and 1000μg/mL, 
respectively) were added into culture media according 
to the experimental design. Each concentration of 
Astragaloside IV was tested in five wells in parallel. 
On days 1, 3, 5, 7, and 9 after the addition of 
Astragaloside IV, one plate was observed under an 
inverted microscope (Olympus Corporation, Japan). 
Twenty μL of MTT solution (5mg/mL, i.e., 0.5% 
MTT) was then added to each well and incubated 
for 4 h. After the incubation was terminated, the 
culture medium in each well was aspirated and 100 
μL of dimethyl sulfoxide (DMSO) (Suzhou  xiong 
Chemical Technology Co., Ltd., China) was added 
in each well, and the plate was incubated at 37°C for 
half an hour to fully dissolve the crystals. The OD 
value of each well was measured at a wavelength 
of OD 490nm by an enzyme labeling apparatus. 
The blank wells (with 200 μL Astragaloside IV-free 
culture medium and no cells) and normal control 
wells (containing cells and 200 μL culture medium 
but without Astragaloside IV) were also set up. The 
experiment was repeated 3 times.

Statistical analysis 
SPSS 19 software was used for statistical analysis, 

and the experimental results were expressed as sx ±
. One-way ANOVA was used to compare multiple 
groups. P < 0.05 indicated that the difference was 
statistically significant, and P < 0.01 indicated that 
the difference was extremely significant.

RESULTS

Observation by the inverted phase contrast 
microscope

The primary cells were mostly round, with a 

X. LIAN ET AL.



515Journal of Biological Regulators & Homeostatic Agents

1000μg/mL could not promote the proliferation of 
osteoblasts. In addition, Astragaloside IV of 10μg/mL 
and 100μg/mL could promote the secretion of ALP 
from osteoblasts. 

To sum up, Astragaloside IV of a proper 
concentration can promote the proliferation and 
differentiation of osteoblasts. Therefore, it is 
theoretically possible to use Astragaloside A as 
a growth factor in controlled-release bone repair 
materials, thus providing a new way for the screening 
of traditional Chinese medicine.
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showed an inhibitory effect on the proliferation of 
osteoblasts. Over time, different concentrations of 
Astragaloside IV increased the number of osteoblasts, 
and the cells in the 100μg/mL group showed most 
significant proliferation on the seventh day (Table II).

DISCUSSION

Traditional Chinese medicine can promote the 
proliferation and differentiation of osteoblasts derived 
from bone marrow stromal cells (8). As an enzyme 
secreted by osteoblasts with high specificity (9), ALP 
is an important marker of osteoblast differentiation 
and maturation (10). ALP is also the most common 
marker used to evaluate bone formation/turnover and 
the activity of osteoblasts (11, 12). 

In this study, Astragaloside IV of different 
concentrations (0μg/mL, 0.1μg/mL, 1μg/mL, 10μg/
mL, 100μg/mL, and 1000μg/mL) was used to treat 
osteoblasts before the proliferation of osteoblasts was 
detected after 1, 3, 5, 7 and 9 days of treatment. The 
results showed that Astragaloside IV of 0.1μg/mL and 

Table I. Results of ALP determination .

Groups Control group 1μg/mL 
experimental group

10μg/mL 
experimental group

100μg/mL 
experimental group

ALP content 5.27±1.02 6.48±1.06& 9.53±1.36*# 12.66±1.39*#

Note: (unit: μ/mL); &P>0.05; *P<0.05; #P<0.01. 

Table II. The effect of different concentrations of Astragaloside IV on the proliferation of osteoblasts.

Control group 0.1μg/mL 1μg/mL 10μg/mL 100μg/mL 1000μg/mL

1 day 0.215±0.004 0.215±0.008 0.254±0.008*# 0.281±0.008*# 0.296±0.017*# 0.305±0.008*#

3 days 0.421±0.006 0.434±0.010 0.441±0.007*# 0.482±0.005*# 0.486±0.009*# 0.502±0.005*#

    5 days 0.769±0.011 0.648±0.013 0.826±0.011*# 0.829±0.006*# 0.846±0.014*# 0.613±0.012*#

7 days 0.968±0.009 0.968±0.038 1.059±0.041* 1.122±0.048*# 1.211±0.041*# 0.733±0.041*#
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*P<0.05; #P<0.01. Comparison between the experimental group and the control group.



516

(TCM) and ACR20 efficacy response: a comparison 
study in 396 patients with rheumatoid arthritis treated 
with TCM or Western medicine. J Clin Rheumatol 
2007; 13(6):317-21. 

8.	 Honma T, Itagaki T, Nakamura M,  Kamakura S, 
Takahashi I, Echigo S, Sasano Y. Bone formation in 
rat calvaria ceases within a limited period regardless 
of completion of defect repair. Oral Dis 2008; 
14(5):457-64.

9.	 Murray E, Provvedini D, Curran D, Catherwood 
B, Sussman H, Manolagas S. Characterization of a 
human osteoblastic osteosarcoma cell line (SAOS-2) 
with high bone alkaline phosphatase activity. J Bone 
Miner Res 1987; 2(3):231-38.

10.	 Rawadi G, Vayssière B, Dunn F, Baron R, Roman-Roman 
S. BMP-2 controls alkaline phosphatase expression and 
osteoblast mineralization by a Wnt autocrine loop. J Bone 
Miner Res 2003; 18(10):1842-53.

11.	 Farley JR, Hall SL, Tanner MA, Wergedal JE. 
Specific activity of skeletal alkaline phosphatase in 
human osteoblast-line cells regulated by phosphate, 
phosphate esters, and phosphate analogs and release 
of alkaline phosphatase activity inversely regulated 
by calcium. J Bone Miner Res 1994; 9(4):497-508.

12.	 Rey A, Manen D, Rizzoli R, Ferrari SL, Caverzasio 
J. Evidences for a role of p38 MAP kinase in the 
stimulation of alkaline phosphatase and matrix 
mineralization induced by parathyroid hormone in 
osteoblastic cells. Bone 2007; 41(1):59-67.

REFERENCES

1.	 Xie J, Wang H, Song T, et al. Tanshinone IIA 
and Astragaloside IV promote the migration of 
mesenchymal stem cells by up-regulation of CXCR4. 
Protoplasma 2013; 250(2):521-30.

2.	 Wong KC, Lee KS, Luk HK, Wan HY, Ho CK, Zhang 
Y, Wong MS. Er-xian Decoction exerts estrogen-like 
osteoprotective effects in vivo and in vitro. Am J 
Chin Med 2014; 42(2):409-26.

3.	 Li M, Yu L, She T, et al. Astragaloside IV attenuates 
Toll-like receptor 4 expression via NF-κB pathway 
under high glucose condition in mesenchymal stem 
cells. Eur J Pharmacol 2012; 696(1-3):203-9. 

4.	 Fan D, Liu S, Jiang S, et al. The use of SHP-2 gene 
transduced bone marrow mesenchymal stem cells 
to promote osteogenic differentiation and bone 
defect repair in rat. J Biomed Mater Res A 2016; 
104(8):1871-81.

5.	 Yoon JK, Kim HN, Bhang SH, et al. Enhanced 
bone repair by guided osteoblast recruitment using 
topographically defined implant. Tissue Eng Part A 
2016; 22(7-8):654-64. 

6.	 Li C, Ding J, Jiang L, et al. Potential of mesenchymal 
stem cells by adenovirus-mediated erythropoietin 
gene therapy approaches for bone defect. Cell 
Biochem Biophys 2014; 70(2):1199-204. 

7.	 He Y, Lu A, Zha Y, et al. Correlations between 
symptoms as assessed in traditional Chinese medicine 

X. LIAN ET AL.



0393-974X (2019)
Copyright © by BIOLIFE, s.a.s.

This publication and/or article is for individual use only and may not be further
reproduced without written permission from the copyright holder.

Unauthorized reproduction may result in financial and other penalties
DISCLOSURE: ALL AUTHORS REPORT NO CONFLICTS OF 

INTEREST RELEVANT TO THIS ARTICLE.
517

JOURNAL OF BIOLOGICAL REGULATORS & HOMEOSTATIC AGENTS Vol. 33, no. 2, 517-523 (2019)

To the Editor,
With social and economic development, China has 

witnessed a growing incidence of childhood obesity, 
which is usually associated with endocrine disorders 
and disorders of sex development (1). Before 
adolescence, the hypothalamic- pituitary gland-
gonad (HPG) (2) axis remains at a low activity level. 
After the initiation of adolescence, the hypothalamus 

secretes gonadotropin-releasing hormone (GnRH), 
which acts on the anterior pituitary gland to promote 
the secretion of luteotropic hormone (LH), and 
follicle-stimulating hormone (FSH). These two sex 
hormones enter the blood circulation to act on the 
sex gland, promoting the secretion of sex hormones 
and synthesis of sperms and ova by the sex gland (3). 
The central nervous system regulates the endocrine 

Key words: exercise intervention; obesity; Adiponectin; HPG axis; endocrine

This study aimed to investigate the effect of different exercise loads on sex hormones and expressions 
of relevant genes in hypothalamus in obese mice. Sixty weaning male C57BL/6 mice were used as 
subjects. Among them, 15 mice were randomly classified into the normal diet group (CON group), and 
the remaining 45 mice into high-fat diet group (MOB group). The obesity was successfully achieved by 
high-fat diet 10 weeks later. Then the rats were randomly divided into three groups based on weight, 
namely, obesity control group (OBC group), obesity with moderate-intensity exercise group (MOBC 
group), and obesity with high-intensity exercise group (HOBC group), with 15 mice in each group. Mice 
in the MOBC group and HOBC group were offered 8 weeks of swimming training, and the exercise time 
increased incrementally until 2 h and 4 h per day. After the training was over, ELISA method was used 
to determine the serum levels of Adiponectin (Adipo), luteotropic hormone (LH), follicle-stimulating 
hormone (FSH) and testosterone (T). Real-time PCR was implemented to detect the transcriptional levels 
of genes of Adipo and other relevant proteins in the hypothalamus. The result showed that compared 
with the CON group, there was a significant reduction in the serum levels of Adipo, LH, FSH and T in 
the OBC group (P<0.05). As compared with the OBC group, the serum levels of Adipo, LH, FSH and T 
increased significantly in the OBC group (P<0.05). There was a significant increase in the transcriptional 
levels of Adipo, Adipo receptor 1 (Adipo R1), and AMP-activated protein kinase (AMPK) in the OBC 
group (P<0.05) compared to in the CON group; meanwhile, the transcriptional levels of kisspeptin (Kiss) 
and gonadotropin-releasing hormone (GnRH) decreased significantly (P<0.05). In conclusion, long-term 
moderate-intensity exercise could improve the negative effect of obesity on sex development. Long-term 
high-intensity exercises could not improve the inhibitory effect of obesity on sex development. 
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were fed with ordinary diet for 10 weeks with free access 
to water. Mice in the MOB group were fed with high-
fat diet for 10 weeks with free access to water. After the 
10-week dietary intervention was over, the average body 
weight of the mice in the MOB group was higher than 
that of the mice in the CON group by >20%. The obesity 
model of mice was considered successful. The mice in 
the MOB group were further randomly divided into three 
groups based on body weight: obesity control group 
(OBC group, n=15), obesity with moderate-intensity 
exercise group (MOBC group, n=15), and obesity with 
high-intensity exercise group (HOBC group, n=15). Mice 
in the CON group were fed with ordinary diet for further 8 
weeks, while the other three groups were fed with high-fat 
diet for further 8 weeks. Mice in the MOBC and HOBC 
groups received exercise intervention, and were housed 
in separate cages with free access to food and water. The 
body weight of the mice was measured each week. 

Exercise intervention for different groups 
The obesity model of mice was considered successfully 

built if the average body weight of mice in the MOB group 
was higher than that of the CON group by over 20%. All 
mice in the MOB group were further given high-fat diet. 
MOBC group and HOBC group began swimming training 
from week 11 (6 days a week, with one day off per week, 
for 8 weeks in total). The water temperature was kept 
at 32-36°C during training, and the water depth was 25 
cm, so that the mouse tails would not touch the bottom 
of the pool. The surface area of swimming was about 
50cm2 for each mouse. For the MOBC group, the exercise 
load was increased incrementally from week 1 to 2. After 
reaching the maximum of 2 h at the end of week 2, the 
exercise load was kept at 2 h per day for the next 6 weeks. 
For the HOBC group, the exercise load was increased 
incrementally from week 1 to 2. The maximum load was 
4 h at the end of week 2, with 2 h in the morning and 2 
h in the afternoon. This exercise load was maintained for 
the next 6 weeks. 

Sample collection 
All mice were fasted for 12 h before sample collection 

and anesthetized by intraperitoneal injection of 10% chloral 
hydrate (Guangzhou Peiyu Biological Products Co., Ltd., 
China). Blood samples were collected from orbital venous 
plexus and immediately centrifuged for 25 min (4°C, 3000 

system through several pathways, which involves 
many hormones and transmitters. Some hormones 
promote the release of GnRH, while others have an 
opposite effect (4). It has been shown that kisspeptin 
(Kiss) plays a key role in promoting the release of 
GnRH. Kiss promotes the release of GnRH, thus 
activating the HPG axis (5). In addition, fat-secreted 
Adipo is crucial to reproductive regulation (6). It has 
been reported that an overexpression of Adipo in the 
hypothalamus damages the fertility of male mice (7). 
Among the males with testicular hypoplasia, most are 
associated with the mutation in the Adipo gene (8). 
The interaction between Adipo in the hypothalamus 
and regulatory mechanism of the HPG axis under 
different exercise loads was discussed in our study. 
The regulatory mechanisms of different exercise 
loads improving the regulation of the reproductive 
system were proposed. 

MATERIALS AND METHODS

Animals 
Sixty male C57BL/6 mice (Nanjing Junke 

Bioengineering Co., Ltd., China) were maintained at a 
temperature of 22±5°C, relative humidity of 50±10%, 
and 12h/12h dark/light cycle. The mice were allowed free 
access to food and water, and the cage was replaced with 
padding and water every day. The main ingredients and 
energy composition of the two diets are shown as follows: 

Ordinary feed (100g): 20g barley flour, 10g cabbage, 
20g soybean flour, 1g yeast, 5g bone meal, 16g corn flour, 
16g bran, 10g fish meal, and 2g salt; 11.7kJ/g energy 
(53.21% carbohydrate, 26.99% protein, and 19.8% fat).

High-fat feed (100g): 34.1g sucrose, 19.5g casein, 
21g butter, 5g cellulose, 15.5g wheat starch, 4.9g mineral; 
12.57kJ/g energy (32.99% carbohydrate, 25.53% protein, 
and 41.48% fat).

The animal experiment procedures were in accordance 
with the International Regulations on Animal Protection 
and Management. The study was approved by the Ethics 
Committee of Nantong University.

Mouse models of obesity induced by high-fat diet
Fifteen mice were randomly classified into a normal 

diet group (CON group), and 45 mice were classified into a 
high-fat diet group (MOB group). Mice in the CON group 
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liquid was discarded and the plate was dried by shaking. 
The washing buffer was added to each well and stood for 
30 s before being discarded. This process was repeated 
for 5 times, and the plate was slapped dry. Into each well 
50 ul of chromogenic reagent A and 50 ul of chromogenic 
reagent B were added successively, which were mixed by 
oscillation. Color development reaction proceeded in the 
dark at 37°C for 15 min, and the reaction was stopped by 
adding 50 ul of stopping solution into each well (with blue 
color turning yellow). The absorbance was measured for 
each well at a wavelength of 450 nm (OD value) and the 
standard curve was plotted. Sample concentrations were 
calculated by introducing OD value of the sample into the 
equation. The sample concentration multiplied by dilution 
fold was the actual concentration of the sample. 

RNA extraction from the hypothalamus and real-time 
PCR: the frozen hypothalamus was taken out for RNA 
extraction. Reverse transcription (Semerfly Technology 
(China) Co., Ltd., China) was performed using the 
extracted RNA in accordance with the manufacturer’s 
instructions. Real-time PCR reaction solution was 
performed for the reaction. Based on the Ct values of 
each reaction well and by taking GAPDH as the internal 
reference, the relative expressions of each target gene 
were calculated for the samples. The primer sequences 
used in the experiment are shown below.
Adipo: forward: 5’-ACCCATAGCCCATACACCAG-’3, 
Reverse:5’-AGTCGTGGAGACCAGGGAGT-’3;
Adipo R1: forward:5’-CTTGACGATGCTGAGACCAA-’3, 
reverse:5’-CCAGGAGAAACTGAGGCAGA-’3;
AMPX: forward:5’-
C C A C C A A AT T C A A C C TAT G A C TA C T T C - ’ 3 , 
everse:5’AGCTGTCTCATAATGTCCATTCGA-’3;
Kiss: forward:5’-GACCTGTCCACCTACAACTGG-’3, 
reverse: 5’-CTGCCTTGGCCTCTACAATC-’3;
GnRH: forward:5’-CTCAACCTACCAACGGAAGC-’3, 
reverse :5’-TCCAAACACACAGTCAGCAGT-’3;
GAPDH: forward :5’-GCTCTCTGCTCCTCCCTGTTC-’3, 
reverse: 5’-GAGGCTGGCACTGCACAA-’3	 .

Statistical analysis
All statistical analyses were performed using 

SPSS 22.0 software. The results were reported as 
mean±standard deviation. Intergroup comparison was 
performed between the CON group and the OBC group 
using t-test. Comparison among the OBC group, MOBC 

rpm). Serum was isolated and preserved at -80°C prior to 
the detection of serum Adipo, LH, FSH and T. Adipose 
tissues around the testicles, kidneys and mesentery were 
rapidly isolated and weighed. The mice were sacrificed 
by decapitation and the skull was opened to isolate the 
hypothalamus, which was preserved at -80°C prior to real-
time PCR of the hypothalamus (transcriptional levels of 
Adipo, Adipo R1, AMPK, Kiss and GnRH).  

Indicator measurement 
Body weight: The mice were weighed on the analytical 

balance before anesthesia and the anesthetic dose was 
calculated on this basis. 

Weighing of abdominal adipose tissues: The abdomen 
was opened after anesthesia, and the abdominal adipose 
tissues were harvested and weighed on the electronic 
balance (AE200 analytical balance, Hangzhou Jiaxuan 
Technology Co., Ltd., China). Weight of abdominal 
adipose tissues=Weight of adipose tissues around the 
testicles+adipose tissues around the kidneys+adipose 
tissues around the mesentery. 

Ratio of adipose tissue weight to body weight (%) 
= (Weight of abdominal adipose tissues/body weight) 
×100%. 

Determination of serum levels of Adipo, LH, FSH and 
T levels: Mouse serum Adipo ELISA kit, mouse serum 
LH ELISA kit, mouse serum FSH ELISA kit and mouse 
serum T ELISA kit (all the kits were purchased from 
Shanghai Lianlian Biotechnology Co., Ltd., China) were 
employed. Ten wells were set up for the standard sample 
on the ELISA plate (loading sample was 50 ul per well), 
along with blank wells (control wells without samples or 
ELISA reagents) and test wells. Into the test wells, 40 μl 
of sample diluent was first added, followed by 10 ul of the 
test samples (the final dilution fold was 5). The samples 
were loaded to the bottom of the wells and the plate was 
sealed with sealing film. The plate was incubated at 37°C 
for 30 min. The 30-fold concentrate washing solution was 
diluted by 30-fold with distilled water. Then, the sealing 
film was removed, the liquid was discarded and the plate 
was dried by shaking. The washing buffer was added to 
each well and stood for 30 s before being discarded. This 
process was repeated for 5 times. Into each well 50 μl of 
ELISA reagents were added, except for the blank wells. 
The plate was sealed with sealing film and incubated at 
37°C for 30 min. Then, the sealing film was removed, the 
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Changes in body weight, weight of abdominal 
adipose tissues, and ratio of abdominal adipose 
tissue weight to body weight in each group 

As shown in Table II, the body weight, abdominal 
adipose tissue weight and ratio of abdominal adipose 
tissue weight to body weight increased in the OBC 
group as compared with the CON group (P<0.05). 
The obesity was severe in the OBC group. The 
above three indicators decreased apparently in the 
MOBC group as compared with the OBC group 
(P<0.05), and so did the HOBC group (P<0.05). 
These indicators were all much lower in the HOBC 
group than in the MOBC group (P<0.05). 

 Changes in the serum levels of Adipo, LH, FSH and 
T in each group 

The serum level of Adipo decreased significantly 
in the OBC group as compared with the CON group 
(P<0.01), and so did LH, FSH and T, though to a 
lesser extent (P<0.05). The serum level of Adipo 
increased significantly in the MOBC group as 
compared with the OBC group (P<0.05), and so did 

group and HOBC group was performed using one-way 
ANOVA. P<0.05 indicated significant difference. 

RESULTS

Construction of obesity models of mice 
Before inducing obesity, the MOB group and 

CON group showed no significant difference in body 
weight (P>0.05) (Fig. 1). After 10 weeks of high-fat 
diet, the average body weight of the MOB group was 
significantly increased as compared with the CON 
group (P<0.01). Thus the obesity model of mice was 
successfully built. 

In the MOB group, 45 mice survived, and 2 were 
excluded due to failed modeling, with a successful 
modeling rate of 95.56%. As shown in Table I, one 
mouse died in both the MOBC group and HOBC 
group, respectively, during 8 weeks of swimming 
training with different loads. The death rate of mice 
was 6.67% for the two groups compared to 0% for 
the CON group and OBC group. For the two exercise 
groups, the mice died from drowning. 
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0

5

10

15

20

25

30

35

40

W
ei

gh
t (

g）

 Group CON
 Group MOB ##

 
Fig. 1. Weight comparison of mice during modeling.  ##P<0.01, vs CON group. 

 

 

 

Table I. Death rates of mice under different exercise loads.  

Group CON group OBC group MOBC group HOBC group 
Week 11 (n) 0 0 0 0 
Week 18 (n) 0 0 1 1 
Death rate (%) 0 0 6.67 6.67 

 

Table II. Changes in body weight, weight of abdominal Adipose tissues, and ratio of 
abdominal Adipose tissue weight to body weight across the groups.  

Group CON group OBC group MOBC group HOBC group 
Body weight (g) 29.87±2.31 45.11±3.45## 33.58±2.54** 30.52±2.23**& 
Abdominal Adipose tissue weight (g) 1.56±0.37 3.64±0.36## 2.71±0.42* 1.73±0.17*& 
Ratio of abdominal Adipose tissue 
weight to body weight (%) 

5.06±0.81 8.31±0.83# 6.78±0.66* 5.69±0.51*& 

#P<0.05, ##P<0.01, compared with CON group; *P<0.05, **P<0.01, compared with 
OBC group; &P<0.05, &&P<0.01, compared with MOBC group. 

 

Fig. 1. Weight comparison of mice during modeling.  ##P<0.01, vs CON group.
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Table I. Death rates of mice under different exercise loads. 

Group CON group OBC group MOBC group HOBC group

Week 11 (n) 0 0 0 0

Week 18 (n) 0 0 1 1

Death rate (%) 0 0 6.67 6.67

Table II. Changes in body weight, weight of abdominal Adipose tissues, and ratio of abdominal Adipose tissue weight to 
body weight across the groups. 

Group CON group OBC group MOBC group HOBC group

Body weight (g) 29.87±2.31 45.11±3.45## 33.58±2.54** 30.52±2.23**&

Abdominal Adipose tissue weight (g) 1.56±0.37 3.64±0.36## 2.71±0.42* 1.73±0.17*&

Ratio of abdominal Adipose tissue 
weight to body weight (%) 5.06±0.81 8.31±0.83# 6.78±0.66* 5.69±0.51*&

#P<0.05, ##P<0.01, compared with CON group; *P<0.05, **P<0.01, compared with OBC group; &P<0.05, &&P<0.01, 
compared with MOBC group.

Table III. Serum levels of Adipo, LH, FSH and T across the groups. 

Group CON group OBC group MOBC group HOBC group

Adipo(ug/L) 182.21±32.83 73.43±28.19## 102.11±43.12* 79.39±35.22&

LH(ng/L) 1995.92±361.03 1668.03±302.84# 2041.92±277.83** 1537.38±208.03&&

FSH(IU/L) 12.34±1.35 8.79±1.21# 11.12±0.73** 8.13±1.05&&

.T(ng/L) 267.45±43.19 207.39±41.51# 251.54±34.03* 197.39±18.22&&

#P<0.05, ##P<0.01, compared with CON group; *P<0.05, **P<0.01, compared with OBC group; &P<0.05, &&P<0.01, 
compared with MOBC group

Table IV. Adipo, Adipo R1, AMPK, Kiss and GnRH mRNA expressions in the hypothalamus in each group. 

Group CON group OBC group MOBC group HOBC group

Adipo 0.31±0.02 1.00±0.04# 0.66±0.11** 0.93±0.07&

Adipo R1 0.64±0.04 1.00±0.07# 0.65±0.08** 0.94±0.09&

AMPK 0.55±0.13 1.00±0.06# 0.65±0.15* 0.98±0.26&

Kiss 2.27±0.45 1.00±0.12## 2.01±0.41* 1.43±0.38&&

GnRH 2.16±0.17 1.00±0.15## 1.68±0.34* 1.12±0.31&&

#P<0.05, ##P<0.01, compared with CON group; *P<0.05, **P<0.01, compared with OBC group; &P<0.05, &&P<0.01, 
compared with MOBC group.
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inhibition of Kiss-GnRH gene expressions and HPG 
axis, and improved the negative effects of obesity 
on sexual development. Long-term high-intensity 
exercise had a more significant effect on reducing 
body fat and improving metabolic disorders in 
mice, but Adipo in hypothalamus was not regulated, 
which did not improve the gene expression of Kiss-
GnRH, the inhibition of HPG axis, and the negative 
effect of obesity on sexual development. Therefore, 
it is hypothesized that the effect of exercise on 
hypothalamic Adipo may be related to exercise time, 
exercise intensity and physical fitness.
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Gene expressions of Adipo, Adipo R1, AMPK, Kiss 
and GnRH in the hypothalamus in each group 

The gene expressions of Adipo, Adipo R1 and 
AMPK were upregulated significantly in the OBC 
group than in the CON group (P<0.05), while those 
of Kiss and GnRH were downregulated (P<0.01) 
(Table IV). There was a dramatic downregulation of 
Adipo, Adipo R1 and AMPK genes in the MOBC 
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DISCUSSION

A large number of studies have confirmed 
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metabolic disorders and adolescent developmental 
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showed that the secretion of GnRH in hypothalamus 
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obesity. In this study, it was revealed that long-
term moderate exercise effectively reduced body 
fat, improved metabolic disorders in mice, down-
regulated Adipo in hypothalamus, alleviated the 
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To the Editor,
Sepsis is a systemic inflammatory response that 

can further develop into severe sepsis (septic shock), 
which eventually leads to multiple organ dysfunction 
syndrome (MODS) (1). The most common germ 
involved in septic shock is Staphylococcus aureus 
which is difficult to treat, especially in patients 
with clinical comorbidities such as kidney disease 
or diabetes (2). Sepsis-induced acute kidney injury 
is diagnosed in up to 47% of human ICU patients 

and is a major health concern (3). The treatment 
mainly includes symptomatic supportive treatment 
and etiological treatment that often fails when 
germ resistance is increased (4). In recent years, 
blood purification has become an important part 
of the treatment of sepsis-related acute kidney 
injury (5). Methods of blood purification include 
peritoneal dialysis, intermittent renal replacement 
therapy (IRRT) and continuous renal replacement 
therapy (CRRT) (6). Although the cost of peritoneal 

Key words: continuous renal replacement therapy; severe sepsis; acute kidney injury; inflammatory response

Sepsis is a systemic inflammatory response that can further develop into severe sepsis (septic shock), 
which eventually leads to multiple organ dysfunction syndrome (MODS). This study aimed to assess the 
effects of continuous renal replacement therapy (CRRT) on acute renal injury caused by severe sepsis 
by monitoring biochemical parameters. A total of 60 patients with septic shock and acute kidney injury 
were included. The control group (30 cases) was treated with routine treatment and intermittent renal 
replacement therapy (IRRT). The experimental group (30 cases) was treated with routine treatment and 
continuous renal replacement therapy CRRT. The changes in inflammation and biochemical indexes 
and APACHE- II score were evaluated before the treatment and 1, 3, and 7days after the treatment. 
The inflammatory markers (neutrophil percentage, C-reactive protein (CRP) and procalcitonin (PCT) 
levels) in the experimental group decreased significantly after treatment. In the control group, the index 
of inflammation still increased one day after treatment and decreased on day 3 of treatment. After 
treatment, blood lactate, serum creatinine and urea nitrogen levels decreased, but the urine volume 
increased. After treatment, the vasoactive dose in the experimental group was significantly lower than 
that of the control group (P<0.05). CRRT is a good treatment for septic shock-related acute kidney 
injury, which improves biochemical indicators and protects kidney function.
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pressure >65 mmHg. 200,000 U ulinastatin (Guangdong 
Tianpu Biochemical Pharmaceutical Co., Ltd., China) 
was administered intravenously by micro-pump for 1 
hour every 8 h for 5 days. Patients with fungal infections 
were treated with fluconazole. In the case of respiratory 
failure, mechanical ventilation was performed.

Kidney replacement therapy
A cardiopulmonary bypass was established using a 

single needle and central double-lumen veno-venous 
catheters were inserted through the femoral vein or 
the subclavian vein or the internal jugular vein by the 
Seldinger wire technique. After extracorporeal circulation 
establishment IRRT or CRRT was performed.

The control group was treated using IRRT for 6 
months started in the first 24-48h after admission. The 
frequency of IRRT was three times per week, 4 hours 
each time.  For the procedure, a GermanFresenius 4008B, 
Campbell AK96 and Nipro dialyzer FB-150U were used. 
Blood flow rate was 300mL/min. The patients received 
heparin as anticoagulant in doses of 0.3-0.5mg/kg body 
weight and respectively 2-10mg/h twice. The patients 
with bleeding tendency received low molecular weight 
heparin and those with severe bleeding or immediately 
after surgery did not received anticoagulant medication. 

The experimental group was treated with CRRT for 
6 months started in the first 24-48 h after admission. For 
the procedure, a Baxter ACCURA bedside blood filtration 
machine with a high flux filter and an alum membrane 
(HF1200, Baxter, USA) was used according to standard 
procedure. The treatment dose was set as 50-60mL·kg-

1·h-1 and the rate of blood flow was 120 ~ 250mL/h. The 
ultrafiltration was performed continuously for 24 h with 
a flow <400mL/h. The electrolyte levels were monitored 
during the treatment, and the replacement solution was 
adjusted according to the results. The composition of 
replacement solution was 3000 mL normal saline solution, 
1000 mL 5% glucose solution, 250 mL 5% sodium 
bicarbonate solution, 30 mL 10% calcium gluconate 
solution, 3.2 mL 25% magnesium sulfate solution and 
0-18 mL 10% potassium chloride solution. According 
to the electrolytes and blood gas levels the dosage of 
each ion and of sodium bicarbonate was adjusted in the 
formula of the replacement liquid. In order to prevent 
blood coagulation in the pipeline, 100mg/L heparin saline 
was used before the treatment to pre-wash the blood 

dialysis is cheaper and easier to carry out, it has 
the potential of aggravating abdominal infection 
and has poor controllability (7). IRRT can quickly 
clear inflammatory mediators and metabolites (8), 
but it can cause severe hemodynamic fluctuations. 
CRRT can remove metabolic toxins in the body and 
improve the balance of electrolytes and liquids (9). 
Hemodynamics is more stable than in IRRT. Even in 
patients with hemodynamically stable sepsis, CRRT 
demonstrated some advantages over intermittent 
hemodialysis, such as the control of temperature, 
pH, and fluid homeostasis (10). A large amount of 
fluid loss and visceral edema were avoided in a short 
period of time. The aim of this study was to evaluate 
the improvement of the vital signs, and inflammatory 
and biochemical indexes in patients with acute renal 
injury associated with septic shock after CRRT.

MATERIALS AND METHODS

Patients 
Sixty patients who were diagnosed with septic shock 

associated with acute renal injury from July 1, 2015 to 
December 31, 2017 in the Affiliated Hongqi Hospital of 
Mudanjiang Medical University were selected. According 
to renal replacement therapy, the selected patients were 
divided into a control group (conventional therapy + 
IRRT) and an experimental group (conventional therapy 
+ CRRT), 30 patients per group. All patients signed the 
informed consent for participating in the study which was 
approved by the Ethics Committee of Affiliated Hongqi 
Hospital of Mudanjiang Medical University.

Inclusion criteria: patients with acute renal injury 
induced by septic shock in the first 48 h from onset.

Exclusion criteria: patients with shock determined by 
other causes that led to acute renal injury, patients with 
chronic renal failure or renal replacement therapy, patients 
who died in the first 48 h after admittance to the hospital.

Conventional therapy
All patients were treated according to the Chinese 

Guidelines for Management of Severe Sepsis and Septic 
Shock (2014). According to the patient’s condition, 
they received fluid replacement, oxygen inhalation, 
nutritional support and empirical antibiotics. Dopamine 
and norepinephrine were given to maintain mean arterial 
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Table I. General clinical data.

Category Experimental group
(n = 30) Control group (n = 30)

Age 64.83±13.49 66.03±14.71

Gender (male / female) 19/11 17/13

Urinary tract infection (case) 3 4

Abdominal infection (case) 10 9

Pulmonary infection (case) 10 12

Number of damaged organs 2.50±1.21 2.39±1.33

APACHE-II score 23.82±6.3 22.16±4.51

Table II. Blood inflammation and biochemical indexes before and after treatment.

Category Group Before treatment 1d after 
treatment

3d after 
treatment

7d after 
treatment

APACHE-II 
score

Experimental 
group 23.12±6.24 19.23±4.34 16.71±3.56 14.28±3.37

Control group 20.81±3.34 20.79±3.72 19.71±2.856 16.81±265

Body 
temperature (°C)

Experimental 
group 38.34±0.86 37.68±0.64* 37.42±0.43* 37.06±0.41*

Control group 38.11±0.89 38.16±0.61 37.87±0.51 37.43±0.37

Neutrophil 
percentage

Experimental 
group 90.07±2.43 88.12±2.57* 84.65±2.45* 79.56±2.35*

Control group 89.56±2.46 90.78±2.26 87.54±2.49 83.12±3.35

CRP(mg/L)
Experimental 
group 94.82±13.43 86.41±4.15* 81.35±4.61* 66.14±8.82*

Control group 92.25±10.65 91.23±4.25 85.51±3.27 76.31±6.89

PCT(ng/mL)
Experimental 
group 45.82±12.69 32.37±10.65* 21.14±7.86* 10.41±4.69*

Control group 46.52±12.76 38.79±11.71 28.12±8.15 18.12±8.02

Blood lactate 
(mmoL / L)

Experimental 
group 6.41±1.12 5.72±1.03 4.52±1.13* 2.59±0.75*

Control group 6.34±1.10 6.12±1.07 5.46±1.09 4.12±1.12

Creatinine 
(umoL / L)

Experimental 
group 252.15±24.14 221.84±27.14* 188.35±21.73* 155.32±18.47*

Control group 253.37±25.73 242.56±24.14 215.82±23.76 184.12±21.45

Urea nitrogen 
(mmoL / L)

Experimental 
group 18.56±3.43 15.24±3.12* 12.36±2.78* 9.86±2.12*

Control group 18.71±2.78 17.91±2.87 15.79±2.47 14.12±3.15

Urine volume 
(mL / h)

Experimental 
group 19.54±6.14 31.34±8.35* 41.71±8.37* 51.67±11.41*

Control group 20.83±7.43 23.45±9.31 30.62±8.46 42.58±12.43
Note: The experimental and control groups were compared, * P <0.05.
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The biochemistry tests were performed by automatic 
biochemical analyzer (Beckman Coulter, Inc., USA). The 
hematological tests were performed by ABL90 FLEX 
blood gas analyzer (Radiometer medical equipment 
(Shanghai) Co., Ltd., Shanghai, China). All testing steps 
were strictly in accordance with the operating procedures. 
The normal reference value of the related serological 
index: white blood cell (WBC): 3.5-9.5×109/L; neutrophil 
percentage (N%): 40-75%; C-reactive protein (CRP): 
0.00-8.00mg/L; procalcitonin (PCT): 0-0.09ng/ml; 
serum creatinine (Scr): 59-104umol/L; blood urea 
nitrogen (BUN): 2.86-7.14mmol/L; lactic acid (Lac): 
0.5-1.7mmol/L; blood potassium (K): 3.5-5.3mmol/L; 
blood sodium (Na): 137-147mmol/L.

Severity of disease
The severity of the disease was assessed by the 

acute physiological and chronic health status score II 
(APACHE- II score) (9). 

Statistical analysis
The data obtained in this study were analyzed by 

SPSS19.0 statistics software. The measurement data 
conforms to the normal distribution and is represented 
by the average number of standard deviations. An 
independent sample Student’s t-test was used for the 

pipe, filter, replacement fluid pipeline and ultrafiltration 
pipeline. The amount of the first dose of heparin was 15-20 
mg, and the maintenance amount was 2-10mg/h. The dose 
of heparin was adjusted according to the activated partial 
thromboplastin time (APTT). APTT was maintained at 
about 1-1.5 times normal value. In cases where there was 
a bleeding tendency, the dosage was adjusted according 
to the global patient condition and the blood coagulation 
function. The postoperative patients and those with severe 
bleeding tendency discontinued the heparin according to 
the particular condition for 6 months.

The criteria for final cessation of renal replacement 
therapy were: improvement of the disease, recovery of 
renal function, infection control, stability of the vital 
signs, or the death of the patient.

Blood tests and severity of disease
The clinical data of the two groups of patients, the 

changes of APACHE- II score, blood lactic acid, neutrophil 
percentage, C-reactive protein (CRP), Procalcitonin 
(PCT), Serum creatinine (Scr), urea nitrogen and urine 
volume per hour of patients before treatment and 1, 3,  and 
7 days after treatment at 6:00 in the morning, the types of 
vasoactive drugs that maintain average arterial pressure 
greater than 65 mmHg in a day, maximum dose and peak 
temperature of body temperature were monitored.

Fig. 1. Medication before and after treatment (the experimental and control groups were compared, * P <0.05.)
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The amount of vasoactive drug decreased. The effect 
was significantly better than the intermittent renal 
replacement therapy group (P <0.05).

DISCUSSION

After treatment, the APACHE-II score showed 
that both IRRT and CRRT could reduce the blood 
lactate level and reduce the mortality rate. The 
therapeutic effect of CRRT was better than that of 
IRRT. In addition, the index of inflammation was 
significantly reduced after 1 day of CRRT. When the 
control group was treated for 1 day with IRRT, some 
of the inflammatory indexes were still rising. Three 
days after the treatment, inflammatory cytokines 
were decreased in the control group. It has been 
shown that in the plasma of patients with acute renal 
injury associated with septic shock, cytokines are 
increased and are associated with poor prognosis 
(11). Microbes and their metabolites can induce 
inflammatory reactions which can lead to local 
microvascular damage. The infection has a potential 
to spread and produce serious consequences in 
different organs, resulting in multiple organ failure 
(12). Although a large number of inflammatory 
mediators can be produced in the infected area, the 
stress response of the body can also produce anti-
inflammatory mediators.

This study showed that the dose of vasoactive 
drug for maintaining the mean arterial pressure over 
65 mmHg was not different before treatment between 
the groups, but after treatment in the experimental 
group the effect was improved compared to the 
control group (P <0.05). IRRT can quickly remove 
the solute and water. In patients with septic shock, 
hemodynamic stability should be maintained first. 
However, even in patients with stable hemodynamic 
sepsis, CRRT can still show some advantages 
compared to other renal replacement treatments. 
Studies have shown that the avoidance of severe 
fluctuations in intracranial blood flow can only 
be passed through CRRT (13). After treatment, 
the serum creatinine and urea nitrogen decreased 
significantly in the experimental group (P<0.05), but 
the decrease in the control group was not obvious 
(P>0.05). The urine volume increased in the two 

comparison between the groups. The standard α value of 
the test is 0.05. P<0.05 indicated that the difference was 
statistically significant.

RESULTS

General clinical data of the patients
There was no significant difference in the general 

clinical data between the two groups (P>0.5) (Table I).

Blood inflammation and biochemical indexes before 
and after treatment

There was no statistical difference between the 
two groups before treatment (P>0.05) (Table II). 
After the treatment, the scores of APACHE- II in the 
experimental group and the control group decreased 
compared with those before the treatment. At 3 
days and 7 days after treatment, APACHE- II score 
in the experimental group was significantly lower 
compared with the control group (P<0.05). The 
inflammatory indices (neutrophil percentage, CRP, 
PCT) at days 1, 3 and 7d after treatment in the two 
groups were decreased compared with the levels 
before the treatment. In the control group, the index 
of partial inflammation still increased 1 day after 
treatment. In the treatment group the inflammatory 
indices were lower compared to the control group 
at 1, 3 and 7 days (P<0.05). The blood lactic acid 
values of the two groups were all lower than those 
before the treatment. On day 1 after treatment the 
decrease of blood lactic acid in the experimental 
group was greater than that of the control group, but 
with no statistical significance (P>0.05). At days 3 
and 7 after treatment, the decrease of blood lactic 
acid in the experimental group was significantly 
greater than that of the control group (P<0.05).

Medication before and after treatment
There was no significant difference in the 

maximum dose of dopamine and norepinephrine 
before treatment in the two groups (P>0.05) 
(Fig. 1). After the treatment of early CRRT, the 
hemodynamics of the experimental group tended 
to be stable with the clearance of inflammatory 
mediators and metabolites, improvement of the 
internal environment and increase of urine output. 
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W. Influence of volume administration on Doppler-
based renal resistive index, renal hemodynamics and 
renal function in medical intensive care unit patients 
with septic-induced acute kidney injury: a pilot study. 
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groups after treatment, and the increase of urine 
volume in the treatment group was greater than that 
in the control group (P<0.05). Low urine volume is 
an important risk factor associated with mortality in 
patients with acute kidney injury due to septic shock 
(14). The urine output of the experimental group was 
better than that of the control group and the prognosis 
was improved.

In summary, CRRT is a worthy treatment 
for patients with acute kidney injury associated 
with septic shock as it can effectively protect 
renal function, reduce inflammation and improve 
hemodynamics. 
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To the Editor,
At present, cardiovascular disease is one of 

the major health threats across the world and 
hypertension is the most important risk factor (1, 
2). Prevention and control of hypertension are the 
key points in reducing the incidence and mortality 
of cardiovascular diseases. Several studies showed 
that high-risk hypertensive patients tended to 
develop myocardial infarction and stroke even if 

interventional measures of lowering blood pressure 
and lipid levels were taken (3, 4). It is therefore 
necessary to apply more strenuous therapies to 
patients with low and moderate-risk hypertension to 
delay the progress of hypertension.

The pathogenesis of hypertension is very 
complicated (5), and its occurrence is related to 
many risk factors, such as lack of exercise or 
insufficient physical activity. Rehabilitative exercise 

Key words: aerobic exercise; rehabilitative exercise; hypertension; inflammatory factors; endothelin-1

The aim of this study was to evaluate the effects of rehabilitative aerobic exercise on blood pressure, 
serum inflammatory factors, endothelin and quality of life in patients with hypertension. NInety patients 
with mild hypertension visiting West China Hospital of Sichuan University from June 2017 to December 
2017 were enrolled and randomly divided into an experimental group and a control group. Patients in 
both groups were given a low-salt diet, and the experimental group was given an extra three-month 
treadmill training. Systolic blood pressure (SBP), diastolic blood pressure (DBP), serum tumor necrosis 
factor α (TNF-α), serum interleukin-6 and endothelin-1, body mass index (BMI), triglyceride (TG) and 
other indicators were examined in both groups before and after exercise, SF-36 scale was used to evaluate 
the quality of life. The results showed that after 3 months of exercise, SBP and DBP in the experimental 
group were significantly lower than those in the control group (P < 0.05). Compared with the control 
group, the concentrations of TNF-α, interleukin-6 and endothelin-1 in the experimental group were 
significantly decreased (P < 0.05). Correlation analysis showed that IL-6 was positively correlated with 
SBP (P < 0.05), and TNF-α and ET-1 were positively correlated with diastolic blood pressure (P < 0.05). 
The general health status, energy, mental health, social function, emotional function and health changes 
of the experimental group were significantly improved compared with before exercise (P < 0.05). In 
conclusion, rehabilitative aerobic exercise can lower blood pressure and improve the overall quality of 
life in mild hypertension patients by inhibiting vascular inflammation and lowering plasma endothelin-1.
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examination 3 months after the baseline evaluation. On 
the basis of the control group, the experimental group 
imderwent aerobic training for 3 months after the baseline 
evaluation.

Cardiopulmonary function was evaluated by using a 
bicycle exercise program (no more than 6 g of salt and 
40 g of fat each day). Meanwhile, SF-36 Simple Health 
Questionnaire on Quality of Life (8) was used to record 
the lifestyle of the two groups and evaluate their quality 
of life, and the exercise intensity of each patient in the 
experimental group within three months was determined 
by treadmill exercise test.

According to the FITT principle, the patients’ exercise 
plan was designed as follows: bicycle exercise training was 
applied and the frequency of exercise was twice per day for 
3 months; the intensity of exercise was 50-70% HRmax; 
the total duration of each exercise was 40 min, including 
30 min of exercise, 5 min of warm-up, and 5 minutes of 
relaxation after exercise. The whole training process was 
well prepared for emergency to prevent accidents.

The exercise effect of the experimental group was 
evaluated. The blood pressure and heart rate of all patients 
were measured by electronic blood pressure and heart 
rate meters before and after treatment. All subjects were 
fasting for more than 12 hours, and 10 mL venous blood 
was collected in the morning. 5 mL venous blood was 
used to examine blood lipids of the two groups, including 
triglyceride (TG), total cholesterol (TC), low density 
lipoprotein cholesterol (LDL), high density lipoprotein 
cholesterol (HDL). 5 mL venous blood was centrifuged 
for 10 min at 3 000 r/min and stored at -70°C. All the 
above tests were completed within 4 hours. Enzyme-
linked immunosorbent assay (ELISA) was used to 
determine serum TNF-α, IL-6, and ET-1 according to the 
manufacturer’s instructions (Shanghai Jianglai Biological 
Technology Co., Ltd., China).

SF-36 simple scale was used to assess the quality of 
life from eight dimensions: physiological function (PF), 
role of physiology (RP), general health status (GH), 
vitality (VT), social function (SF), role of emotion (RE), 
mental health (MH), and reported health transition (HT).

Statistical analysis
SPSS22.0 statistical software was used for statistical 

analysis. The data were presented by mean ± standard 
deviation or median and interquartile. Statistical differences 

therapy is an important measure for the treatment 
(6). Cornelissen et al. (7) carried out 6-52 weeks of 
aerobic exercise training on more than 600 volunteers 
and it was found that their systolic and diastolic 
blood pressure was decreased by 3.2 mmHg and 2.7 
mmHg, respectively. In this study, serum TNF-α, 
IL-6 and ET-1 concentrations in mild hypertension 
patients were determined, and their correlation with 
blood pressure was analyzed by observing the effect 
of three-month bicycle exercise on blood pressure; 
the relationship between exercise hypotension and 
serum inflammatory factors was evaluated, in order 
to provide new insight into the exercise pressure 
reduction mechanism.

MATERIALS AND METHODS

Patients 
Ninety outpatients with mild essential hypertension 

visiting West China Hospital of Sichuan University from 
June 2017 to December 2017 were enrolled. Among them, 
32 patients had simple elevated systolic blood pressure 
(SBP), 25 patients had simple elevated diastolic blood 
pressure, and 33 patients had both elevated systolic and 
diastolic blood pressure. The patients were randomly 
divided into an experimental group and a control group, 
45 in each group. There were 24 males and 21 females 
aged 53-70 in the experimental group, and 22 males and 
23 females aged 51-69 in the control group. This study 
was approved by the ethics committees of West China 
Hospital of Sichuan University and each participant 
completed the written consent form. 

Exclusion criteria: regular exercise within the 
previous year; secondary hypertension, cerebrovascular 
disease, diabetes, coronary atherosclerotic heart disease, 
myocardial infarction, myocardial hypertrophy and heart 
failure; proteinuria, hematological diseases, immune 
diseases, severe hepatorenal insufficiency, inflammatory 
diseases and connective tissue diseases; dysfunction of 
lower extremity muscles and joints.

Procedure for intervention and testing
The patients in the control group received assessment 

of cardiopulmonary function in our hospital at baseline, 
and then they all had 2 weeks of low-salt and low-fat 
diet and received another cardiopulmonary function 
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group and the control group in TG, TC, LDL, and 
HDL, as shown in Table I. 

Effects of rehabilitative exercise on blood pressure, 
inflammatory factors and plasma endothelin-1 in 
patients and correlation analysis

There was no significant difference in SBP, DBP, 
serum TNF-α, IL-6 and ET-1 between the two groups 
before exercise. After 3-month exercise, SBP and 
DBP in the experimental group dropped to normal 
levels, while the serum TNF-α, IL-6 and ET-1 levels 
in the experimental group were lower than those in the 
control group and before exercise (P < 0.05), as shown 
in Table I. The correlation analysis showed that SBP 
and DBP were both positively correlated with IL-6 
(P < 0.05), and DBP was positively correlated with 
TNF-α and ET-1 (P < 0.05). The details are shown Fig. 
1. Multiple linear regression analysis showed that the 
concentrations of TNF-α and ET-1 in the experimental 

between continuous variables with normal distribution 
were tested by Student’s t-test, while those not obeying 
normal distribution were tested by Wilcoxon signed rank 
test. Correlation analysis of normal distributed data was 
performed by Pearson analysis, and multivariate analysis 
by multivariate linear regression analysis. A P-value (two-
tailed) of <0.05 was considered statistically significant.

RESULTS

Effects of rehabilitative exercise on body mass index 
and blood lipid

The comparison of the baseline data between 
the two groups showed no significant difference in 
age, gender, height, BMI, TG, TC, LDL, and HDL. 
After 3-month training, body mass index (BMI) of 
the experimental group was significantly lower than 
that of the control group (P < 0.05), but there was 
no significant difference between the experimental 

Table I. Effects of exercise training on body mass index, blood lipids, blood pressure, inflammatory factors and plasma 
endothelin-1 in patients with hypertension (x±SD).

Detection index
Control group (n=45) Experimental group (n=45)

Before experiment After experiment Before exercise After exercise

BMI(Kg/M2) 24.83±3.25 24.97±2.49 25.50±2.43 23.57±2.43#*

TG(mmol/L) 1.45±0.36 1.47±0.33 1.42±0.25 1.41±0.29

TC(mmol/L) 4.80±0.67 4.95±0.74 4.85±0.64 4.64±0.67

LDL(mmol/L) 2.69±0.44 2.81±0.49 2.79±0.55 2.63±0.61

HDL(mmol/L) 1.47±0.30 1.51±0.31 1.57±0.26 1.61±0.33

SBP(mmHg) 143.71±8.82 145.52±6.87 144.85±7.18 135.49±7.22#*

DBP(mmHg) 90.52±6.84 92.78±5.76 92.96±5.45 86.84±5.82#*

TNF-α(pg/mL) 28.64±5.37 28.87±5.06 28.75±4.78 22.81±4.80#*

IL-6(pg/mL) 36.51±3.68 36.84±3.98 37.61±4.26 32.73±4.79#*

 ET-1(pg/mL) 90.77±16.78 91.73±16.70 92.45±13.61 79.56±13.07#*

 P<0.05, compared with the control group; P<0.05, compared with before exercise.
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the control group (P < 0.05). PF in the experimental 
group was not significantly different from that in the 
control group and before exercise. Before exercise, 
there was no significant difference in the scores 
of RP, SF, RE and HT between the two groups; 
after 3 months of exercise, SF, RE and HT in the 
experimental group were significantly improved 
compared with those in the control group (P < 0.05), 
but there was no significant difference in RP between 
the two groups, as shown in Table III.

group were closely related to the changes of diastolic 
blood pressure (P < 0.05) (Table II).

Effects of rehabilitative exercise on quality of life in 
patients with hypertension 

The results showed that there were no significant 
differences in PF, GH, VT, and MH between the two 
groups before exercise. After 3 months of exercise 
training, GH, VT and MH in the experimental group 
were significantly improved compared with those in 

Fig. 1. Correlation analysis of TNF-α, IL-6 and ET-1 with SBP and DBP.
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It was found that the ET-1 level in the experimental 
group was lower than that in the control group (P 
< 0.05). Zheng et al. (10) reported that Baduanjin 
exercise decreased plasma ET-1 concentration 
in elderly patients with hypertension, which was 
consistent with our results. Correlation analysis 
showed that the decrease of blood pressure was 
positively correlated with the changes of TNF-α and 
IL-6, suggesting that exercise-induced decrease of 
TNF-α and IL-6 might be related to exercise-induced 
hypotension. In addition, multiple linear stepwise 

DISCUSSION

Our study showed that after three-month exercise 
SBP and DBP in the experimental group were 
significantly lower than those in the control group 
and compared to before exercise. Furthermore, 
there was no serious cardiovascular reaction during 
exercise. Our results were consistent with the study of 
Krieger et al. (9), who reported that low-to-moderate 
intensity exercise had better anti-hypertensive effects 
than high intensity exercise.

Table II. Multiple linear regression analysis of changes of DBP and different indexes in the experimental group.

Variable Parameter estimation Standard deviation T P

Intercept 58.403 2.989 19.545 <0.05

TNF-α 0.637 0.108 5.845 <0.05

IL-6 -0.079 0.074 -1.081 0.287

ET-1 0.207 0.040 5.326 <0.05

Table III. Comparison of PF, GH, VT, and MH between the two groups (x± SD).

Detection index
Control group (n=45) Experimental group (n=45)

Before experiment After experiment Before exercise After exercise

PF 82.15±10.52 78.82±10.26 80.36±10.61 84.12±10.21

GH 63.54±20.15 58.63±20.55 63.75±20.78 69.64±16.27#*

VT 71.45±15.35 68.27±13.85 71.56±14.22 76.15±13.22#*

MH 59.48±16.89 56.04±17.49 59.64±17.61 65.24±18.01#*

RP 83.51±10.32 81.20±11.78 81.98±13.55 82.54±11.24

SF 62.78±14.59 59.86±15.21 64.12±10.33 71.65±14.28#*

RE 68.39±17.85 69.51±18.20 67.42±15.18 75.95±12.53#*

HT 57.45±10.23 54.69±12.17 55.83±13.57 68.26±14.84#*

Note:#P<0.05, compared with the control group; *P<0.05, compared with before exercise. 
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regression analysis showed that the change of DBP 
before and after treatment was closely related to the 
change of TNF-α concentrations, suggesting that 
TNF-α may affect the change of DBP alone. Our 
results showed that after three months of aerobic 
exercise training, the scores of GH, VT, SF, RE, MH 
and HT in patients with hypertension were improved.

In conclusion, the changes of blood pressure in 
hypertensive patients were positively correlated with 
serum TNF-α, IL-6 and ET-1. Aerobic exercise can 
reduce blood pressure and improve the life quality 
of patients with mild hypertension by inhibiting 
inflammation and lowering the level of ET-1.
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To the Editor,
Lymphocytes play an important role in the immune 

response, in which T lymphocytes have a variety of 
biological functions, such as directly killing target cells, 
assisting or inhibiting the production of antibodies by 
B lymphocytes, and resisting pathogenic infection (1, 
2), thereby forming the first line of defense against 
tumor. Programmed death ligand-1 (PD-L1) is one 
of the important negative costimulatory molecules 
in the regulation of T lymphocyte immune response 
(3, 4). PD-L1 is one of PD-1 (Programmed death-1). 
It is also a member of the CD28/B7 superfamily. 
There are two forms of cell membrane types which 
are soluble. sPD-L1 combines with its receptor in 

the same manner as the membrane-type PD-L1 
molecule and plays biological functions. Studies have 
confirmed that PD-1/PD-L1 can significantly inhibit 
the function of T lymphocytes, attenuate activation of 
T lymphocytes and reduce cytokine (e.g. IL-2, IL-4 
and IL-6) production. PD-L1 exists in cell membrane 
type and soluble form (5, 6). The soluble form of 
PD-L1 (sPD-L1) has a certain biological role in the 
occurrence and progression of various diseases, and 
was reported to be associated with the stage, metastasis 
and efficacy of lung cancer (7).

However, the effect of sPD-L1 on lung cancer 
growth in vivo remains to be clarified. In this study, 
we established a Lewis lung cancer animal model by 

Key words: soluble PD-L1; T lymphocyte subsets; lung cancer; immune response

To investigate the effects of different doses of soluble PD-L1 (soluble form of Programmed death ligand 
1, sPD-L1) protein on Lewis lung cancer cells, flow cytometry was used to detect the expression of PD-L1 
(Programmed death ligand 1) on the surface of Lewis lung cancer cell lines and the expression of PD-1 on 
the surface of T lymphocytes in peripheral blood and spleen cells of C57BL/6 mice. A Lewis lung cancer 
animal model of C57BL/6 mice was established by transplanting Lewis lung cancer cells subcutaneously. 
The sPD-L1 protein was injected into the abdominal cavity of the mouse (sPD-L1 Ig) (working dose: 2.5, 
5, 10 μg per mouse), while the sPD-L1 control protein was injected as a control. The growth of Lewis 
lung cancer xenografts was observed. On the 18th day after tumor cell inoculation, T lymphocyte subsets 
in mouse spleen were determined by flow cytometry. The PD-1 molecules on the surface of Lewis lung 
cancer cell line, C57BL/6 mouse spleen T lymphocytes and peripheral blood T lymphocytes were positively 
expressed. Compared with the control group, the volume of the transplanted tumor of Lewis lung cancer 
in C57BL/6 mice was larger with 10 μg sPD-L1 I g injection (P < 0.05), and no significant difference was 
observed in tumor volume with 2.5 μg and 5 μg injection (P > 0.05). A certain level of soluble PD-L1 (10 μg/
mouse) could promote the growth of transplanted tumors of Lewis lung cancer in C57BL/6 mice.
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any antibody were used as blank controls. Lewis lung 
cancer cells with 1 μl of PE-labeled control antibody were 
used as isotype controls. Cell labeling was detected by 
flow cytometry at PE wavelength.

Expressions of PD-1 in peripheral blood T lymphocytes 
of C57BL/6 mice

The mice were intraperitoneally injected with propofol 
100mg/kg. Then, eyeball was removed to collect whole 
blood. The blood diluted 1:1 with PBS was added to the 
lymphocyte separation solution and then centrifuged. The 
single nuclear cell layer was separated. After washing, it 
was incubated with FITC-labeled mouse CD3 monoclonal 
antibody (Shanghai Meilian Bioengineering Co., Ltd., 
China), and PE-labeled mouse PD-1 antibody for 30 min. 
The peripheral blood T lymphocytes of mice without any 
antibody were used as a blank control. The cell labeling 
was detected by flow cytometry.

Expressions of PD-1 in spleen T lymphocytes of C57BL/6 
mice

K57BL/6 mice were anesthetized with ketamine by 
intraperitoneal injection of 100 mg/kg bw, and sacrificed 
by cervical dislocation. The body was then soaked in 
75% alcohol for 5 minu. The skin and peritoneum of the 
abdominal junction of the mouse were cut open, and the 
spleen was taken out and placed on a 200-mesh steel net. 
Approximately 3 mL of PBS was added and. The splenocyte 
suspension was collected. The splenocyte suspension 
was added to the lymphocyte separation solution and 
centrifuged at 1800 rpm for 5 min. The single nuclear cell 
layer was separated. After washing, it was incubated with 1 
μl of FITC-labeled mouse CD3 monoclonal antibody, and 
PE-labeled mouse PD-1 antibody for 30 min. 1 μl of PE-
labeled control antibody and mouse spleen T lymphocytes 
without any antibody were used as an isotype control and 
blank control, respectively. Cell labeling was detected by 
flow cytometry.

Establishment of ectopic model of Lewis lung cancer in 
C57BL/6 mice

After culture and passage with DMEM medium 
containing 100mL/L FCS (fetal bovine serum), Lewis lung 
cancer cells in log phase were washed twice with PBS 
and trypsinized for 2~3 min. Digestion was stopped after 
addition of the medium. The cell fluid was pipetted and 

transplanting cancer cells into C57BL/6 mice, which 
were then injected with different doses of sPD-L1 
into the abdominal cavity. The growth of tumors was 
observed.

MATERIALS AND METHODS

Animals
Four/five week-old male C57BL/6 mice weighing 

18~22g were selected. All mice were raised at room 
temperature (24±1)°C and relative humidity (50±5) % and 
were kept in 12h/12h light/dark cycle. The mice were given 
free access to food and water. The mice were tested after 
one week of adaptation. The operations and medications 
involved in this experiment are in line with international 
animal protection regulations and the study was approved 
by the Ethics Committee of Weifang Respiratory Disease 
Hospital (Weifang No.2 People’s Hospital).

Cell culture and passage
Lewis lung cancer cells (Nanjing Senbeijia 

Biotechnology Co., Ltd., China) were cultured in a 
high glucose DMEM (Dulbecco’s Modified Eagle 
Medium)(including 10% fetal bovine serum, penicillin 
100 U/ml, streptomycin 100 μg/ml) (Guangzhou Fulbo 
Biotechnology Co., Ltd., China) in a 5% CO2 and 37°C 
incubator. 0.25% trypsin was used for digestion and 
passage (1:5). Depending on the cell growth condition, 
2 to 3 passages were performed weekly. Logarithmic 
growth phase cells were selected for the experiments.

Expressions of PD-L1 in Lewis lung cancer cells
Lewis lung cancer cells in log phase were collected 

and centrifuged at 1000 rpm for 5 min. The supernatant 
was discarded. After resuspending the cells in DMEM, 
1 μl of PE-labeled mouse PD-L1 antibody (Shanghai 
Meilian Bioengineering Co., Ltd., China) was added. 
The PE-labeled control antibody (Shanghai Meilian 
Bioengineering Co., Ltd., China) served as an isotype 
control antibody. After shaking, the reaction was protected 
from light at 4°C for 30 min, and 3 mL PBS (phosphate 
buffered saline solution, PH=7.3) (Shanghai Jingke 
Chemical Technology Co., Ltd., China) was added thereto, 
followed by centrifugation at 1000 rpm for 5 min. The 
supernatant was discarded. The cells were resuspended in 
0.5 mL of PBS (PH=7.3). Lewis lung cancer cells without 
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separation solution and centrifuged at 1800 rpm for 20 min. 
The single nuclear cell layer was separated. After washing 
twice with PBS, the suspension was incubated with 500 
μL PBS to adjust the spleen lymphocyte suspension to 
5×106 cells/mL. 100 uL of the cell suspension in dedicated 
tubes was used for flow cytometry analysis. Two tubes 
were prepared for each sample and labeled with FITC 
and PE two-color fluorescent antibody. The first tube was 
supplemented with 1 uL of PE-labeled anti-CD3 antibody 
and 1 μL of FITC-labeled anti-CD4 antibody (Shanghai 
Meilian Bioengineering Co., Ltd., China). The second 
tube was supplemented with 1 μL of PE-labeled anti-CD3 
antibody and 1 μL of FITC-labeled anti-CD8 antibody 
(Shanghai Meilian Bioengineering Co., Ltd., China). 
After incubation for 30 min at room temperature, 500 
μL PBS was added to each tube and shaken. The upflow 
analyzer recorded the proportion of CD3+CD4+ cells and 
CD3+CD8+ cells of the samples.

Statistical analysis
Continuous data were presented as the mean±standard 

deviation, or median (1st quartile, 3rd quartile). Differences 
between variables were examined by Student’s t-test or 
Mann-Whitney U test. Statistical analysis was carried out 
using SPSS 22.0 software. A P value of < 0.05 (two-tailed) 
was considered statistically significant. P<0.05 indicated 
significant difference. 

centrifuged at 1000 rpm for 5 ~ 10 min. The supernatant 
was discarded. The remaining cell solution was washed 
twice with PBS and repeatedly mixed 5~6 times. The 
cell suspension was obtained. The cells were counted at 
107/mL and placed in a 1.5 mL EP (Eppendorf) tube; 0.2 
mL of the cell suspension was taken and the inoculated 
site was wiped with 75% ethanol. C57BL/6 mice were 
inoculated subcutaneously with a 1 mL disposable syringe. 
The growth of the tumor was observed.  On day 8 post 
inoculation, the tumor lumps were observed. All the mice 
were divided into four groups, with six in each group, and 
were treated with different doses of sPD-L1 Ig (Shanghai 
Meilian Bioengineering Co., Ltd., China) at day 0, 3, 4, 9. 
The mice were injected with 2.5 μg, 5 μg and 10 μg sPD-L1 
Ig into the abdominal cavity respectively, and mice in the 
control group were injected with sPD-L1 Ig control protein.

The tumor growth after the injection was observed. At 
day 5, 7, 9, 11, 14 and 16 post-injection, the long diameter 
(a) and the short diameter (b) of the tumor were measured 
with a vernier caliper. The volume was calculated using 
the following formula: V=0.4a×b2.

Splenic T lymphocyte subsets in each group of mice
At day 18 after inoculation of the tumor cells, the mice 

in the 10-μg group and the model control group and mock 
group were sacrificed. After treatment, the splenocyte 
suspension was collected and added to 2 mL of lymphocyte 

Table I. Volume of Lewis lung cancer transplanted tumors in C57BL/6 mice after different levels of sPD-L1 intervention (mm3).

Days sPD-L1 control 
protein sPD-L1:2.5ug sPD-L1:5ug sPD-L1:10ug

5d 0.68 1.13 1.52 3.43

7d 1.16 12.19 18.82 49.18

9d 2.86 18.33 25.38 62.33

11d 6.28 19.12 28.19 80.82

14d 14.73 22.72 30.22 147.91

16d 29.11 36.28 40.73 185.68
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Expressions of PD-1 on the surface of spleen T 
lymphocytes in C57BL/6 mice

The PD-1 on the surface of spleen T lymphocytes 
of C57BL/6 mice was positive, and the positive rate 
was 18.13% (Fig. 3).

Effects of different levels of sPD-L1 on the growth of 
Lewis lung cancer transplanted tumors

When the sPD-L1 Ig working dose was 10 μg per 
mouse, the tumor volume was significantly larger 
than that in the sPD-L1 control protein group (P < 

RESULTS

Expressions of PD-L1 in Lewis lung cancer cell lines
As shown in Fig. 1, the PD-L1 on the Lewis lung cancer 

cell line was positive, and the positive rate was 17.09%.

Expressions of PD-1 on the surface of peripheral 
blood T lymphocytes in C57BL/6 mice

The positive rate of PD-1 expression on the surface 
of peripheral blood T lymphocytes of C57BL/6 mice 
was only 3.23% (Fig. 2).

 
Fig. 1. Expressions of PD-L1 on the surface of Lewis lung cancer cell lines (IgG and 
PD-L1 are PE-labeled antibodies). A) blank group; B) IgG group; C) PD-L1 group. 

 

 

 
Fig. 2. Expressions of PD-1 on the surface of peripheral blood T lymphocytes in 
C57BL/6 mice (PD-1 is a PE-labeled antibody; CD3 is a FITC-labeled antibody). A) 
peripheral blood blank group; B) peripheral blood CD3+PD-1 group). 

 

 

 
Fig. 1. Expressions of PD-L1 on the surface of Lewis lung cancer cell lines (IgG and 
PD-L1 are PE-labeled antibodies). A) blank group; B) IgG group; C) PD-L1 group. 

 

 

 
Fig. 2. Expressions of PD-1 on the surface of peripheral blood T lymphocytes in 
C57BL/6 mice (PD-1 is a PE-labeled antibody; CD3 is a FITC-labeled antibody). A) 
peripheral blood blank group; B) peripheral blood CD3+PD-1 group). 

 

 

Fig. 1. Expressions of PD-L1 on the surface of Lewis lung cancer cell lines (IgG and PD-L1 are PE-labeled antibodies). 
A) blank group; B) IgG group; C) PD-L1 group.

Fig. 2. Expressions of PD-1 on the surface of peripheral blood T lymphocytes in C57BL/6 mice (PD-1 is a PE-labeled 
antibody; CD3 is a FITC-labeled antibody). A) peripheral blood blank group; B) peripheral blood CD3+PD-1 group).
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negative immunomodulatory effects by binding with 
PD-1 receptors on the surface of T lymphocytes 
and B lymphocytes (9, 10). It has been (11) shown 
that sPD-L1 can inhibit T lymphocyte function and 
promote tumor growth.

Our results showed that the PD-L1 on the Lewis 
lung cancer cell line was positive. The PD-L1, receptor 
of PD-1, was confirmed to be positively expressed on 
the surface of spleen T lymphocytes of C57BL/6 mice. 
The PD-1 expression was also detected on the surface 
of peripheral blood T lymphocytes. Our results showed 
that compared with the sPD-L1 control protein group, 
the volume of Lewis lung cancer transplanted tumors 
with a sPD-L1 Ig working dose of 10 μg/mouse was 
significantly increased (P<0.05). When the working 
dose was 2.5 μg/mouse and 5 μg/mouse, the volume of 
Lewis lung transplanted tumors was not significantly 

0.05). When the working dose was 2.5 μg per mouse 
and 5 μg per mouse, the volume of the tumor was 
not significantly different from that of the sPD-L1 
control protein group (P>0.05) (Table I).

Effects of sPD-L1 on spleen T lymphocyte subsets 
of mice

On day 18 after inoculation of tumor cells, the 
CD4/CD8 ratios of normal mice and sPD-L1 control 
protein mice were 1.94 and 1.89, respectively. The 
CD4/CD8 ratio of sPD-L1 10 μg/mouse was 1.59.

DISCUSSION

T cell-mediated cellular immunity plays a 
very important role in human immune response 
(8). Previous studies found that sPD-L1 can exert 

 
Fig. 3. Expressions of PD-1 on the surface of spleen T lymphocytes in C57BL/6 mice 
(IgG and PD-1 are PE-labeled antibodies; CD3 is a FITC-labeled antibody). A) 
spleen blank group; B) spleen IgG group; C) spleen CD3 group; D) spleen PD-1 
group; E) spleen CD3+PD-1 group. 

 

 

Fig. 3. Expressions of PD-1 on the surface of spleen T lymphocytes in C57BL/6 mice (IgG and PD-1 are PE-labeled 
antibodies; CD3 is a FITC-labeled antibody). A) spleen blank group; B) spleen IgG group; C) spleen CD3 group; D) 
spleen PD-1 group; E) spleen CD3+PD-1 group.
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different from that of sPD-L1 control protein group 
(P>0.05). The underlying mechanism could be that a 
certain threshold level of sPD-L1 molecules inhibited 
PD-1+ T cells through the PD-1/sPD-L1 pathway. 
The inhibition of killing function of T lymphocytes 
could lead to the apoptosis of tumor-specific T cells.

In summary, different doses of soluble PD-
L1 have different effects on the growth of Lewis 
lung transplanted tumors. A certain threshold 
level of soluble PD-L1 could promote the growth 
of transplanted tumors of Lewis lung cancer in 
C57BL/6 mice. 
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To the Editor,
Senile deafness is the aging manifestation of 

binaural, progressive and aging hearing impairment 
in aging organisms, and it is also a typical 
manifestation of the aging process in auditory organs 
(1). The symptoms and signs of aging are highly 
individualized, and increasing evidence indicates 
that the onset time of senile deafness does not have a 
clear boundary (2). Therefore, early prevention and 
early treatment of senile deafness are very important. 

The mechanism of cochlear aging has not yet been 
fully elucidated (3, 4). Molecular studies have found 
that nuclear gene ahl2 may be associated with early-
onset senile deafness and ahl3 is associated with 
late-onset senile deafness (5). 

Many studies have reported that targeted silencing 
of RNF8 can increase the sensitivity of cell therapy 
(6-8), therefore RNF8 could be the next key solution 
for the cochlear aging problem in the DNA damage 
response (DDR) network (9). In this study, the 

Key words: RNF8 gene; DNA damage repair; cochlea; aging

This study aimed to investigate the role of RNF8 (RING finger protein 8) in DNA damage repair in mice 
of different ages, and to provide new insight into the pathology and treatment of senile deafness. Sixteen 
C57BL/6J mice aged 8 weeks, 16 weeks and 32 weeks were obtained by paired reproduction. The mice of 
three age groups were equally divided into two groups, named experimental group (RNF8 gene knockout) 
and control group (no knockout). The cochlear hair cells, stria vascularis and spiral ganglion cells were 
observed by HE (hematoxylin-eosin) staining. The degree of DNA damage and the related expressions 
were observed by immunofluorescence γ-H2AX staining and 8-OH immunohistochemical staining, and the 
aging of damaged cells was detected by lipofuscin and β-galactosidase staining. HE staining showed that 
the changes of cochlear hair cells, stria vascularis and spiral ganglion cells were obvious in the same group 
of mice at different ages. Compared with the control group, the aging changes of cochlear hair cells, stria 
vascularis and spiral ganglion cells were more significant in the experimental group. Immunofluorescence 
γ-H2AX staining showed H2AX phosphorylation in injured cells. The aging of cochlea in mice changed, 
and staining of β-galactosidase in the experimental group suggested that the striae of blood vessels were 
changed with age at 32 weeks old and staining of lipofuscin showed dark brown staining around the 
nucleus (P < 0.05). In conclusion, the deletion of RNF8 is an important cause of morphological changes in 
the cochlea of mice. The deletion of RNF8 accelerates the aging of the cochlea of mice, suggesting that the 
apoptosis of the cochlea could contribute to aging in RNF8 gene-deficient mice.
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the cochlea could be fixed adequately with the fixed solution. 
The fixed cochlea was replaced by decalcification, dehydration, 
paraffin and xylene (Pengcheng Biological Co., Ltd., China), then 
soaked with soft wax and placed on the base of the embedding 
box. After pouring hard wax into the wax block, the cochlea was 
maintained for 24 h (Thermo Fisher Scientific, USA) at –25°C. 
Before section, 0.5-0.6 cm wax was removed horizontally from 
the top of the wax block with a knife and the base of the embedding 
box and unwanted bone tissues were also removed. The sections 
were paraffin fixed or frozen for regular slicing and baking.

HE staining 
Different sections of paraffin-fixed mouse cochlea were used. 

They were dehydrated with 55%, 75%, 85%, 95% and 100% 
ethanol; the sections were treated with xylene twice; re-hydrated 
with absolute ethanol (Beijing Chemical Plant Co., Ltd., China) 
twice; dehydrated with 95%, 85% and 75% ethanol; washed 
briefly in distilled water; stained in hematoxylin (Shanghai 
Maikun Chemical Co., Ltd., China) for 8 min; differentiated 
in 1% hydrochloric (Beijing Chemical Plant Co., Ltd.,  China) 
alcohol for 30 s; washed in running tap water; stained in eosin 
for 2 min; re-hydrated with absolute ethanol twice; and treated 
with xylene twice. After staining, the slices were placed under 
neutral gum and then observed under a microscope.

γ-H2AX immunofluorescence staining 
The slices were dewaxed with xylene twice; dehydrated 

with 100%, 95%, 85%, 75% ethanol twice; washed briefly in 
distilled water; and fixed by 4% PA (Paraformaldehyde). After 
washing with PBS (Phosphate buffered solution) (TaKaRa 
Biological Co., Ltd., Japan), the slices were sealed in goat serum 
working fluid at 37°C, and the blocking solution was discarded. 
Primary antibody γ-H2AX (Kehao Biological Co., Ltd., China) 
was added and they were incubated overnight at 4°C. After PBS 
washing, they were incubated at 37°C for 1 h after adding second 
antibody CY3. After PBS washing, DAPI (4’,6-diamidino-2-
phenylindole) was added and washed by PBS. The sections were 
sealed with fluorescence attenuation professional seal liquid and 
observed under a fluorescence microscope (Olympus, Japan).

8-OH immunohistochemical staining 
The slices were dewaxed with xylene twice; dehydrated with 

100%, 95%, 85%, 75% ethanol twice; washed briefly in distilled 
water; fixed in 9.4% PA; washed by PBS and incubated at room 
temperature with 0.3% hydrogen peroxide. Antigen was repaired 
after PBS washing, and CB (0.01M Ph6.0 Citrate buffer) was 

natural aging mouse model by knocking out RNF8 
gene was established, and the cochlear hair cells, 
stria vascularis and spiral ganglion of experimental 
animals were harvested and detected by biological 
techniques. By analyzing their morphological and 
qualitative indexes of aging, we evaluated the effect 
of RNF8-knockout on the mice cochlea aging and 
its potential mechanism. Our study could provide a 
novel and precise therapeutic target for hearing in 
aging.

MATERIALS AND METHODS

Animals
Sixteen C57BL/6J mice aged 8 weeks, 16 weeks and 32 

weeks were obtained by paired reproduction (Beijing Weitong 
Lihua Laboratory Animal Technology Co., Ltd., China). The 
mice of the three age groups were equally divided into two groups 
(8 mice in each age group), named experimental group (RNF8 
gene knockout) and control group (no knockout). The feeding 
conditions of mice were as follows: room temperature 19-24°C, 
noise less than 60 dB, humidity 50-60%, illumination 12h/d, 
autoclave sterilization of feed, and strictly-pasteurized drinking 
water. The animal experiment procedures were in accordance 
with the International Regulations on Animal Protection and 
Management and was approved by the ethics committee of The 
Fourth Affiliated Hospital of Harbin Medical University.

Primer design
Promega kit (Shanghai Sixin Biotechnology Co., Ltd., China) 

was used to extract DNA from target mice and amplify target 
genes. The primers were designed as follows: RNF8-control group: 
5’-TGACCTTGCAGCCATTAGGGAGATT-3’; RNF8-experimental 
group: 5’-AGACCTTGGGACCACCTCATCAGAA-3’.

Material preparation 
After routine disinfection, mice were anesthetized by 

intraperitoneal injection of 2% pentobarbital sodium (Beijing 
Chemical Plant Co., Ltd., China) 40-50mg/kg. After anesthesia, 
the left ventricle was perfused with 0.9% normal saline and 4% 
paraformaldehyde (Beijing Chemical Plant Co., Ltd., China). 
After successful perfusion, the brain tissue of mice was removed. 
The cochlea was separated and fixed in a tubule containing 4% 
poly-formaldehyde. After 8 h, the attached muscles and bones 
were removed, the ossicles were removed, and the cochlea was 
exposed. The cochlear top was broken by fine needling, so that 
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they were differentiated into transparent background with long 
acid differentiation solution; after rinsing with distilled water, 
they were re-stained with methylene blue nuclei; after rinsing 
with acetic acid, they were dehydrated and made transparent; after 
sealing with neutral gum, they were observed under a microscope.

Statistical analysis 
SPSS 19.0 software was used for statistical analysis. The data 

were presented by mean ± standard deviation. The difference 
between continuous variables obeying normal distribution was 
tested by Student’s t-test. A P-value (two-tailed) of <0.05 was 
considered statistically significant.

RESULTS

Morphological changes of cochlea in the two groups
HE staining results showed that hair cells of 

8-week-old mice in the two groups were well 
arranged, uniformly stained, orderly arranged, and 
had no nuclear deletion. The number of hair cells 
in the basal gyrus of the 16-week-old mice in the 
control group decreased compared with the 8-week-

boiled under high pressure and cooled to room temperature. After 
PBS washing, they were sealed with goat serum working fluid at 
37°C; primary antibody was added and the slices were incubated 
for overnight at 4°C. After PBS washing, second antibody was 
added and the slices were incubated at 37°C. Following PBS 
washing, SABC (Strept avidin-biotin complex) was added and 
they were incubated at 37°C. DAB (3,3’-diaminobenzidin) was 
washed in 0.1 M TrisCl, and stained, dehydrated and transparent 
after rinsing with clean water. Neutral gum was observed under 
a microscope (Nikon, Japan) after sealing.

Detection of aging by β-galactosidase staining 
The slices were dewaxed with xylene twice; dehydrated with 

100%, 95%, 85%, 75% ethanol twice; washed briefly in distilled 
water; fixed solution of β-galactosidase staining was added, and 
incubated overnight at 37°C. They slices were observed under a 
microscope after neutral gum sealing.

Cochlear lipofuscin staining 
The slices were routinely dewaxed; rinsed with distilled 

water for three times, and covered with fuchsin staining solution 
overnight at room temperature. After rinsing with distilled water, 

Table I. Comparisons of three-cycle hair cell count, stria vascularis thickness and spiral ganglion results in cochlear 
sections of mice between the two groups (`x±s).

8 weeks old 16 weeks old 32 weeks old

The 
number of 
three hair 

cells

Top Middle Bottom Top Middle Bottom Top Middle Bottom 

Control group 24±2 24±2 23±2 242 17±1 15±1 13±1

Experimental 
group 22±2 22±2 21±2 202 13±1 11±1 7±1

P >0.05 <0.05 <0.05

Control group
Stria 
striae 

thickness

12±1 10±0.5 7±1

Experimental 
group 11±1 7±0.5 6±0.5

P >0.05 <0.05 <0.05

Control group
Spiral 

ganglion 
of cochlea

24±2 19±2 13±1

Experimental 
group 22±2 13±1 7±2

P >0.05 <0.05 <0.05
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HE staining results showed that the stria vascularis 
of 16-week-old mice in the control group was thinner 
than that of 8-week-old mice in the marginal cell 
layer and sparse in the middle cell layer. Compared 
with 16-week-old cells, 32-week-old cells showed a 
decrease in the number of three layers. The size of 
nuclei was not uniform, and the staining was uneven 
and the nuclei were missing. The stria vascularis of 
the cochlea of 16-week-old mice showed a decrease 
in the number of three layers of cells, thinning and 

old mice; the number of hair cells in the 32-week-old 
mice decreased compared with the 16-week-old mice, 
and some hair cells were arranged disorderly, stained 
unevenly, and had nuclear deletion; the number of hair 
cells in the cochlea of 16-week-old mice decreased 
compared with the 8-week-old mice; the number of 
hair cells in 32-week-old mice was sparse compared 
with the 16-week-old mice, and most hair cells were 
disorderly arranged, unevenly stained, and the loss of 
nuclei was obvious, as shown in Fig. 1A and Table I. 

16W

32W

Control group

Experimental group

Control group

16W

16W

32W

32W

8W

8W

Control group

Experimental group

Experimental group

A

B

C

Fig. 1. Comparison of HE staining of mice in two groups. A) hair cells; B) striated 
cells; C) spiral ganglion cells) (20X) 

 

Fig. 1. Comparison of HE staining of mice in two groups. A) hair cells; B) striated cells; C) spiral ganglion cells) (20X)
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old cells were sparse, mostly disorderly arranged, 
with not uniform size of nuclei, uneven staining, 
obvious nuclear deletion, and serious fissures, as 
shown in Fig. 1C and Table I.

Overall, compared with the 8-week-old mice, the 
16-week-old mice showed different aging changes 
in cochlear hair cells, stria vascularis and spiral 
ganglion. Hair cell loss was more obvious, while 
changes of stria vascularis and spiral ganglion were 
not apparent. The age-related changes of hair cells, 
stria and spiral ganglia were more significant at 
32-week-old mice compared with the 16-week-old 
mice. Compared with the cochlea of mice in the 
RNF8 control group, the aging changes of hair cells, 
stria vascularis and spiral ganglion in the cochlea of 
the RNF8 experimental group were greater at the age 
of 16 weeks and 32 weeks.

abnormal rupture of the marginal layer compared 
with the 8-week-old mice. Compared with the 
16-week-old three-layer structure, 32-week-old 
cells showed a decrease in the number, irregular cell 
arrangement, uneven nuclear staining, three-layer 
separation of stria vascularis and serious breakage 
of marginal layer, as shown in Fig. 1B and Table I.

HE staining results showed that the number 
of cochlear spiral ganglion cells in the 16-week-
old mice decreased compared with the 8-week-old 
mice. Compared with 16-week-old cells, 32-week-
old cells showed a decrease in number, disordered 
arrangement, not uniform nuclei size and nuclear 
deletion. The number of cochlear spiral ganglion 
cells decreased and slight fissures appeared in 
16-week-old mice compared with the 8-week-old 
mice. Compared with 16-week-old cells, 32-week-

 

 

Fig. 2. The comparison results of γ-H2AX staining in 32-week-old mice of the two 
groups. A) Cochlear hair cells γ-H2AX staining; B) stria γ-H2AX staining; C) spiral 
ganglion γ-H2AX staining; D) Cochlear γ-H2AX staining) (40X). 

 

Fig. 2. The comparison results of γ-H2AX staining in 32-week-old mice of the two groups. A) Cochlear hair cells γ-H2AX 
staining; B) stria γ-H2AX staining; C) spiral ganglion γ-H2AX staining; D) Cochlear γ-H2AX staining) (40X).
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cells in the control group, but positive cells were 
detected in stria vascularis and spiral ganglion of the 
32-week-old mice. There was no obvious change 
in parietal gyrus, middle gyrus and basal gyrus of 
cochlear hair cells in the experimental group, and 
positive cells were distributed in different degrees in 
the 32-week-old mice. There were a large number of 
positive cells in the stria vascularis and spiral ganglion 
with aging changes, as shown in Fig. 3A.

The results of aging test with β-galactosidase 
staining showed that there was no obvious change in 
the three cycles of cochlear hair cells in the 8-week-old 
and 16-week-old control group mice, and there were 
a few black spots and uneven distribution in the three 
cycles of 32-week-old mice. There was an increase 
in the number of black spots in the stria vascularis 
along with age changes, which were obvious in the 

Damage and aging of cochlea tissues in two groups 
of mice

The results of γ-H2AX immunofluorescence 
staining showed that the cochlea of 8-week-old mice 
in the control group showed no difference and little 
color; the 16-week-old mice only had little color shown 
at the bottom; there were varying degrees of color 
in the 32-week-old mice. There was no significant 
change in the cochlea of 8-week-old mice. Multiple 
bright spots appeared in the 16-week-old mice, and 
bright spots were densely distributed in the 32-week-
old mice. The changes of hair cells and stria vascularis 
were more significant, while the spiral ganglion was 
more concentrated, as shown in Fig.2.

The results of 8-OH immunohistochemical staining 
showed that there was no obvious change in parietal 
gyrus, middle gyrus and basal gyrus of cochlear hair  

stria vascularis

Control group

Experimental group

Striae vascularis Spiral ganglion

Control group

Experimental group

Hair cells Stria vascularis Spiral ganglion

A B

C

Fig. 3. Comparison of staining  in 32-week-old mice between the two groups. A) 
stria vascularis, spiral ganglion 8-OH immunohistochemical staining; B) stria 
β-galactosidase staining; C) hair cells, stria vascularis, and spiral ganglion lipofuscin 
aging change staining) (20X). 
 

Fig. 3. Comparison of staining  in 32-week-old mice between the two groups. A) stria vascularis, spiral ganglion 8-OH 
immunohistochemical staining; B) stria β-galactosidase staining; C) hair cells, stria vascularis, and spiral ganglion 
lipofuscin aging change staining) (20X).
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gene has been clearly linked to DNA damage and 
neurodegeneration, and the molecular mechanism 
underlying the primary interaction between DNA 
damage and repair upstream and downstream has 
also been explored. 

In conclusion, RNF8 deletion is one of the 
important causes of morphological changes in the 
cochlea of mice, and it also indirectly affects the 
physiological function of the cochlea. The different 
effects of RNF8 on the aging of cochlear structures in 
mice are closely related to the clinical manifestations 
of senile deafness. The apoptosis of cochlea in 
RNF8-deficient mice is closely related to aging.
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To the Editor,
Breast cancer with a complex etiology is one of 

the most common malignant tumors in women (1). 
The incidence of breast cancer accounts for 7-10% 
of all types of malignant tumors and is the second 
cause of cancer in women after uterine cancer 
(2). It usually affects breast epithelial tissue and 

has a negative influence on women’s physical and 
mental health (3). Research has shown that human 
epidermal growth factor receptor 2 (HER2) gene 
overexpression is associated with relatively poor 
prognosis of breast cancer, and molecular targeted 
therapy can be an efficient treatment option (4, 5). 
Trastuzumab is a specific humanized monoclonal 

Key words: trastuzumab; lapatinib; HER2 positive breast cancer; progression-free survival; overall survival

This study aimed to evaluate the clinical efficacy of trastuzumab combined with lapatinib in the 
treatment of human epidermal growth factor receptor 2 (HER2) positive breast cancer. One hundred and 
fifty-four patients with breast cancer were randomly divided into a trastuzumab group (group A, 52 cases), 
a lapatinib group (group B, 48 cases) and a combination group (group C, 54 cases). The patients from 
group A received trastuzumab 4 mg/kg intravenously once a week in the first 9 weeks, and 2 mg/kg iv in 
the second 9 weeks. The patients from group B took lapatinib 1.5 g orally once per day. The patients from 
group C received the combination of 4 mg/kg intravenously once a week in the first 9 weeks, and 2 mg/kg 
iv trastuzumab (the same doses as in group A) in the second 9 weeks and 1.5 g lipatinib orally per day for 
18 weeks. After treatment, the clinical efficacy of the treatments in the three groups was observed, and the 
progression free survival (PFS), overall survival (OS), central nervous system (CNS), overall response rate 
(ORR), clinical Benefit Response (CBP) and adverse reactions were compared before and after treatment. 
After treatment, PFS of group A, group B and group C were 44, 42 and 58 months, respectively. PFS of 
group C was significantly higher compared with that of group A and group B (P<0.05). After treatment, 
during follow-up, OS in group A, group B and group C were 28, 20 and 22 months, respectively. After 
treatment, the CNS metastasis rate in group C was significantly lower than that in group A and group B 
(P<0.05). ORR and CBR in group C were higher than those in group A and group B (P<0.05). The incidence 
of adverse reactions in group C was significantly lower than that in group A and group B (P<0.05). In 
conclusion, the potency of lapatinib combined with trastuzumab in the treatment of HER2 positive breast 
cancer patients is superior to treatment with lapatinib or trastuzumab only.
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were randomly divided into a trastuzumab group (group 
A, 52 cases), a lapatinib group (group B, 48 cases) and a 
combination group (group C, 54 cases). 

In group A, trastuzumab (Herceptin, Roche Pharma 
(Schweiz) Ltd., USA, 440mg (20mL)/bottle) was injected 
intravenously once a week, 4 mg/kg in the first 9 weeks 
and 2 mg/kg in the second 9 weeks.

In group B, the patients received 1.5g lapatinib 
(Tykerb, Glaxo Group Limited, UK, 0.25g/tablet) (6 
tablets of 0.25g) once per day for 18 weeks. 

In group C, the patients received 1.5g lapatinib 
(Tykerb, Glaxo Group Limited, UK, 0.25g/tablet) (6 
tablets of 0.25g) once per day in combination with 
trastuzumab (Herceptin, Roche Pharma (Schweiz) Ltd., 
USA, 440mg (20mL)/bottle) intravenously injected once 
per week in doses of 4 mg/kg in the first 9 weeks, and 2 
mg/kg in the second 9 weeks. 

The response of the treatment was evaluated 
by complete response (CR), partial response (PR), 
progressive disease (PR), stable disease (SD), recovery 
rate and control rate. The recovery rate and control rate 
were calculated using the following formulas: 

Recovery rate=(CR+PR)/ Total number of cases
Control rate=(CR+PR+PD)/ Total number of cases
For each patient included in the study was calculated 

the PFS (Progression-free survival), OS (overall survival), 
ORR (objective response rate) and CBR (clinical benefit 
rate) (9) were calculated. CNS (central nervous system) 
metastasis was evaluated by MRI (magnetic resonance 
imaging) or CT (computed tomography).  

Statistical analysis
Statistical software SPSS19.0 was used to analyze the 

data, single weighting method was used to analyze the 
clinical efficacy, and Kaplan-Meier method was used to 
evaluate PFS, OS and other conditions. The difference 
was statistically significant when P<0.05.

RESULTS

Clinical efficacy
The recovery rate and the control rate after the 

treatment was significantly increased in group 
C treated with the transtuzumab plus lapatinib 
compared to group A and group B (P<0.05 and 
P<0.01, respectively) (Table I).

antibody targeting the extracellular domain of HER2 
that could significantly improve the 5-year disease-
free survival rate and overall survival rate of HER2-
positive breast cancer patients (6). Lapatinib is a new 
antitumor drug for breast cancer that acts through 
a different mechanism of action than trastuzumab. 
It has a dual-target mechanism by inhibiting the 
tyrosine kinase receptor which acts on 2 growth factor 
receptors - EGFR (epidermal growth factor receptor) 
and HER2 (7). Lapatinib can inhibit the activation of 
MAPK and AKT, which are the downstream effectors 
of EGFR and HER2, reduce the excessive signal in 
transduction pathway, accelerate the apoptosis of 
tumor cells, and inhibit cell growth (8). This study 
aimed to evaluate the efficacy of monotherapy with 
lapatinib or trastuzumab alone and their combination 
in the treatment of HER2 positive breast cancer.

MATERIALS AND METHODS

Patients 
The study included 261 patients from Tonglu First 

People’s Hospital diagnosed with breast cancer between 
February 2015 and July 2018. The course of the disease 
ranged from 5 months to 45 months. The study was 
approved by the Ethics Committee of Tonglu First 
People’s Hospital and all the patients signed an inform 
consent to participate in the study.  

Inclusion criteria: The patient had been diagnosed 
with HER2 positive breast cancer; tumor size ≥2cm, 
and heart, liver, kidney, bone marrow and other organs 
function normal; LVEF (Left Ventricular Ejection 
Fractions) ≥50%;  patients with a Eastern Cooperative 
Oncology Group Performance Status of 0 to 2 grades; 
patients agreed to receive lapatinib or/and trastuzumab 
treatment and signed the informed consent; no recurrent 
or progressive diseases had been treated with cytotoxic 
or biological agents before treatment; survival ≥12 
months.

Exclusion criteria: patients receiving other anti-
tumor drugs during treatment; patients with serious 
adverse reactions during treatment; patients with other 
major diseases; survival less than 12 months.

Therapeutic regimen
Two hundred and sixty-one patients with breast cancer 
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DISCUSSION

The current study showed that the treatment with 
lapatinib combined with trastuzumab determined 
an increased recovery rate and control rate in breast 
cancer patients compared to lapatinib or trastuzumab 
alone. These results are in accordance with a 
previous study that showed increased pathological 
complete response in combined HER2-targeted 
therapy compared with single agent therapy (10). 

Comparison of PFS and OS between the groups
After treatment, PFS of group A, group B and 

group C were 44, 42 and 58 months, respectively. 
There was no significant difference between group 
A and group B. In group C, PFS was significantly 
longer than that of group A and group B (P<0.05) 
(Fig.1A). During the follow-up period, OS of group 
A, group B and group C were 28, 20 and 22 months, 
respectively (Fig.1B). 

CNS metastasis status, ORR and CBR in each group
There was no statistical significant difference 

in the metastasis rate of CNS between groups A 
and B after treatment (P>0.05), but in group C the 
metastasis rate was significantly lower than that in 
groups A and B (P<0.05) (Table II).

There was no significant difference in the level 
of ORR and CBR between group A and group B.  
ORR and CBR in group C increased significantly 
compared with the levels of groups A and B (P<0.05) 
(Table II).

Evaluation of the incidence of adverse reactions in 
the groups

The patients from group C developed less adverse 
reactions compared with the patients from groups A 
and B. The difference between group C and group A 
and B were highly statistically significant for heart, 
liver, gallbladder and pancreas levels (P<0.01) and 
statistically significant for nerve, lung and upper 
respiratory tract level (P<0.05).

Table I. Comparison of clinical efficacy among the 3 groups.

Category Group A
n

Group B
n

Group C
n

CR 3 2 3

PR 10 9 22

PD 16 16 17

SD 17 14 6

Others 6 7 6

Recovery rate (%) 25.00 22.93 46.30#*

Control rate (%) 55.77 56.25   77.78##**

Note: compared with group A: #P<0.05, ##P<0.01; compared with group B: *P<0.05, **P<0.01.

Fig. 1. Kaplan –Meier plot of (A) PFS (Progession Free 
Survival) and (B) OS (overall survival) of patients in each 
group.
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Table III. Comparison the incidence of adverse reaction (%) between the groups 

Category Group A
(%) 

Group B
(%)

Group C
(%) 

Heart 5.77 6.25 0.00##**

Skin 19.23 18.75 14.81

Hepatobiliary / pancreas 5.77 4.17 1.85##**

Infection 3.85 4.17 1.85*

Lymph 19.23 16.67 12.96

Nerve 11.54 10.42 3.70#*

Pain 13.46 12.50 11.11

Lung / upper respiratory tract 7.69 8.33 3.70#*

Others 61.54 60.42 53.70

Note: compared with group A: #P<0.05, ##P<0.01; compared with group B: *P<0.05, **P<0.01.

Table II. Comparison of CNS metastasis, ORR and CBR between the 3 groups. 

Groups 

CNS metastasis status, n CNS 
metastasis 
rate (%)

ORR CBR
Yes No Unknown 

Group A 15 30 7 28.85 59.65 47.27

Group B 16 22 10 33.33 56.88 43.25

Group C 10 39 5 18.52#* 76.73#* 68.93#*

Note: compared with group A: #P<0.05; compared with group B: *P<0.05.
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smaller. J Clin Oncol 2009; 27(34):5700-6.
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eribulin mesylate with trastuzumab as first-line 
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positive breast cancer. Clin Breast Cancer 2014; 
14(6):405-12.

7.	 Krishnamurti U, Silverman JF. HER2 in breast 
cancer: a review and update. Adv Anat Pathol 2014; 
21(2):100-7.

8.	 Lin NU, Freedman RA, Ramakrishna N, et al. 
A phase I study of lapatinib with whole brain 
radiotherapy in patients with human epidermal 
growth factor receptor 2 (HER2)-positive breast 
cancer brain metastases. Breast Cancer Res Treat 
2013; 142(2):405-14.

9.	 U.S. Department of Health and Human Services 
Food and Drug Administration Center for Drug 
Evaluation and Research (CDER), Center for 
Biologics Evaluation and Research (CBER). 
Guidance for industry: clinical trial endpoints for 
the approval of cancer drugs and biologics. http://
www.fda.gov/downloads/Drugs/.../Guidances/
ucm071590.pdf. Published May 2007. Accessed 
June 4, 2018.

10.	 Robidoux A, Tang G, Rastogi P, et al. Lapatinib as 
a component of neoadjuvant therapy for HER2-
positive operable breast cancer (NSABP protocol 
B-41): an open-label, randomised phase 3 trial. 
Lancet Oncol 2013; 14(12):1183-92.

11.	 Valachis A, Nearchou A, Lind P, Mauri D. 
Lapatinib, trastuzumab or the combination added 
to preoperative chemotherapy for breast cancer: 
a meta-analysis of randomized evidence. Breast 
Cancer Res Treat 2012; 135(3):655-62.

The side effects of Lapatinib are lower than those 
of other medicines from the same class. The main 
side effects are neutropenic fever, diarrhea, rash and 
anorexia (11). There were no differences between 
PFS and OS in group A and group B (P>0.05), while 
those in group C were significantly higher than those 
in groups A and B (P<0.05). This indicates that 
combined medication with lapatinib and trastuzumab 
can prolong the survival time of patients.

Trastuzumab combined with lapatinib did not 
increase the incidence of severe visceral damage 
but was significantly reduced, and the incidence of 
adverse reactions in group C was significantly lower 
than that in groups A and B (P<0.05). In other studies, 
also the incidence of cardiac damage events were 
lower in the combined treatment, with no significant 
difference compared with trastuzumab alone, and even 
significantly lower than that of lapatinib alone (11). 

In conclusion, lapatinib combined with 
trastuzumab presented good tolerance and safety 
in patients with HER2 positive breast cancer, 
and showed improved efficacy in delaying tumor 
progression and prolonging the survival of patients.
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To the Editor,
Bone tumors (1) are tumors affecting bone tissues. 

Abnormal growth of the bone can be classified as be-
nign (non-cancerous) or malignant (cancerous). It is 
easy to cure benign bone tumors, which are associated 
with a good prognosis. In contrast, it is usually diffi-
cult to treat malignant bone tumors. Malignant bone 
tumors can be divided into primary bone tumors and 
secondary bone tumors (2). The balance between os-
teogenesis and bone resorption is maintained in the 
process of normal bone metabolism. This balance is 
mainly achieved through the coordinated action of 
osteoclasts and osteoblasts. However, the balance 
between osteogenesis and bone resorption is broken 
during the pathogenesis of bone tumors, leading to the 
abnormal manifestations of osteogenesis (3). 

Alkaline phosphatase (ALP) (4) has long been con-
sidered as a marker of osteoblast activity. In addition, 
mainly derived from osteoclasts, serum tartrate-resis-

tant acid phosphatase 5b (TRACP5b) (5) is a marker 
of bone resorption. Possessing the enzyme activity of 
degrading mineralized calcium and phosphorus sub-
strates in the bone matrix, TRACP5b can be used as 
a marker to reflect the activity of osteoclasts and the 
degree of bone resorption. In recent years, it has been 
confirmed that the expression of TRACP5b is elevated 
in patients with metastatic bone tumors (6), Paget dis-
ease, and osteoporosis (7). However, few studies have 
reported TRACP5b levels in patients with primary 
bone tumors (8-10). Therefore, this study explored the 
clinical value of using TRACP5b as a marker in the 
treatment of primary bone tumors.

MATERIALS AND METHODS

Subjects
Eighty bone tumor patients diagnosed by pathological 

examinations (bone tumor group) and 36 healthy subjects 

Key words: bone tumors; tartrate-resistant acid phosphatase 5b; tumor markers; diagnosis; clinical value

In order to investigate the diagnostic value of serum levels of tartrate-resistant acid phosphatase 5b 
(TRACP5b) in patients with bone tumors, enzyme linked immunosorbent assay (ELISA) was used to com-
pare serum levels of TRACP5b and alkaline phosphatase (ALP) in bone tumor patients (experimental group, 
80 cases) and healthy controls (control group, 36 cases). It was found that the serum level of TRACP5b in the 
experimental group was significantly higher than that in the control group. In addition, the sensitivity and 
specificity of serum TRACP5b were higher than those of serum ALP in the diagnosis of bone tumors. Fur-
thermore, the serum level of TRACP5b was positively correlated with that of ALP. Therefore, it was conclud-
ed that the serum level of TRACP5b may be used as a sensitive indicator of bone tumors, and the sensitivity 
and specificity of TRACP5b are even higher than those of ALP in the diagnosis of bone tumors.
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standard products and 50 uL streptavidin-HRP were added 
to each of other wells, respectively, followed by the addition 
of 40 uL samples. Subsequently, 10 uL of anti-TRACPSb an-
tibody and 50 uL of streptavidin-HRP were added into each 
well before the plate was sealed with a sealing film. After be-
ing gently shaken and mixed, the plate was incubated at 37℃ 
for 60 min. In the next step, the sealing film was removed 
and the liquid in the plate was discarded. After blotting the 
plate dry, each well was washed five times (30 s each time) 
with a phosphate buffered saline detergent. After blotting 
dry the plate, 50 uL of TMB developer A liquid were added 
into each well, followed by the addition of 50 uL TMB de-
veloper B liquid into each well. After being gently shaken 
and mixed, the plate was incubated at 37°C for 10 min away 
from light to develop color. Finally, 50 uL of stop buffer was 
added to each well to terminate the reaction (at this time, 
the blue color would turn yellow). The absorbance (OD) of 
each well was then measured at a wavelength of 450 nm af-
ter zero-setting the blank well. The measurement should be 
completed within 10 min after adding the stop buffer. The 
linear regression equation of the standard curve was then 
calculated according to the concentration of the standard 
and the OD value. Subsequently, the level of TRACP5b in 
each sample was calculated using the regression equation 
according to the OD value of each sample.

Detection of serum ALP
ALP was detected by the rate method. Under certain 

conditions of enzymatic reaction, colorless p-nitrophe-
nyl phosphate disodium (Beijing Soleboard Corporation, 
China) reacts with ALP to produce pale yellow p-nitro-
phenol (Beijing Soleboard Corporation, China) with spe-
cific absorption at 405 nm. By measuring the change rate 
of absorbance at 405 nm, the activity of ALP was calculated 
according to Formula 1, through the molar extinction co-
efficient of NADH and the microprocessor of biochemical 
automatic analyzer.

In the formula, 260 µL is the general volume of the reac-
tion, 10 µL is the sample volume, 6.22x103 is the micro-mo-
lar optical coefficient (ε) of NADH at 405 nm, ΔA/min is 
the change rate of absorbance per minute, 106 is the conver-
sion factor of the unit per microliter (µL) to each liter (L).

Statistical analysis 
SPSS19.0 statistical software was used for statistical 

analysis. The experimental results followed normal distri-

(normal control group) from The Second Hospital Affiliat-
ed to Zhejiang University School of Medicine between April 
2017 and August 2018 were enrolled in the study. The 80 
bone tumor patients included 39 females and 41 males, aged 
11-70 years (average 38.3 years). There were 16 females and 
20 males in the normal control group, aged 9-76 years (av-
erage 43.1 years). Informed consent was obtained from all 
patients, and this study was approved by the ethics commit-
tee of The Second Hospital Affiliated to Zhejiang University 
School of Medicine.

Inclusion criteria of the bone tumor group: patients di-
agnosed with bone tumors by pathological examinations; 
patients who had not taken any drugs affecting bone me-
tabolism or received any surgical treatment in the previous 
six months; patients who signed the informed consent.

Exclusion criteria of the bone tumor group: patients 
who had history of locomotor system trauma in the past six 
months; patients with diseases affecting bone metabolism; 
patients who had taken drugs affecting bone metabolism 
in the previous six months; patients with impaired liver or 
kidney functions.

Sample collection, processing and preservation
2-3mL of fasting venous blood samples were collected 

from each subject using vacuum blood collection tubes 
(Shanghai Yuanye Biotechnology Co., Ltd., China) contain-
ing no anticoagulant. After being placed at room tempera-
ture for l-2 h, each blood sample was centrifuged at 4000 
rpm (Zhengzhou Honglang Instrument Equipment Co., 
Ltd., China) for l0 min. The serum was collected and ali-
quoted into 100 uL Eppendorf tubes and stored in a -80°C 
cryocontainer (China Haier Company, China) for subse-
quent testing. During testing, the samples were thawed at 
room temperature for at least 30 min. Subsequently, the 
samples were detected at room temperature (20-23°C).

Detection of serum TRACP5b
The kit (Shanghai Source Leaf Biotechnology Co., Ltd., 

China) and sample serum were taken from the freezer and 
placed at room temperature for at least 30 min. The blank 
well was not porous, but the standard and sample wells were 
both porous. 120 uL, 240 uL, 360 uL, 480 uL and 600 uL of 
standard diluents were added to 120 uL of standard solution, 
respectively. The first well was used as the blank control well, 
which contained only Tetramethylbenzidine (TMB) color 
reagents A/B and H2SO4 termination solution. 50 uL diluted 
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bone tumor group and normal control group were 
(140.162±117.261) U/L and (92.692±46.692) U/L, 
respectively. Therefore, the serum level of ALP in the 
bone tumor group was significantly higher than that 
in the normal control group (P=0.0020), as shown in 
Table I.

ROC curves, sensitivity and specificity of TRACP5b 
and ALP in the diagnosis of bone tumors

Based on the analysis of Receiver Operating Char-
acteristic (ROC) curves, the area under the curve 
(AUC) of TRACP5b was 0.782 in the diagnosis of 
bone tumors, and its 95% confidence interval was 
0.697-0.866 (P < 0.01). The AUC of ALP was 0.634 
and its 95% confidence interval was 0.532-0.736 (P < 
0.05) (Fig. 1A). When 3.749U/L was used as the cut-
off value of TRACP5b, its sensitivity and specificity in 
the diagnosis of bone tumors were 76.8% and 62.2%, 
respectively. When 77.500U/L was used as the cutoff 
value of ALP, its sensitivity and specificity in the diag-

bution and were expressed as mean ± standard deviation. 
The data of the two groups were compared by t-test (t-test 
for data with homogeneous variance and adjusted t-test for 
data with uneven variance), and one-way analysis of vari-
ance (ANOVA) was used to compare the mean values of 
the two groups. A test level of α=0.05 was used in this study, 
while P <0.05 indicated significant difference. Finally, Pear-
son correlation analysis was used to analyze the correlation 
between two variables.

RESULTS

Comparison of serum levels of TRACP5b and ALP 
between the bone tumor and normal control groups

The serum levels of TRACPSb in the bone tumor 
group and normal control group were (5.925±2.913) 
U/L and (3.597±1.131) U/L, respectively. Therefore, 
the serum level of TRACPSb in the bone tumor group 
was significantly higher than that in the normal con-
trol group (P=0.000). The serum levels of ALP in the 

properties in rats. Adv Clin Exp Med 2016; 25(2):213-18.  
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Table I. Basic characteristic of patients in the two groups. 
Category  Bone tumor group Normal control group P  

Number of cases 80 36  
Male/female 41/39 20/16  
Age (year) 11-70(38.3) 9-78(43.1)  

TRACP5b (U/L) 5.925±2.913* 3.597±1.131 0.000 
ALP (U/L) 140.162±117.261* 92.692±46.692 0.0020 

Note: *P<0.05, compared with the control group. 

 

 

Table II. TRACP5b levels in bone tumor patients measured before and after 
surgery/chemotherapy. 

 Cases  Diagnosis TRACP5b (U/L) 
before operation 

TRACP5b (U/L) 
after operation 

Patients with 
bone tumors 
treated with 

surgery 

1 Osteosarcoma 4.231 5.253 
2 Osteosarcoma 3.781 4.946 
3 Osteosarcoma 12.182 13.362 
4 Osteosarcoma 5.436 8.227 
5 Giant cell tumor 4.662 8.731 
6 Bone cyst 5.082 5.602 

Patients with 
bone tumors 
treated with 

chemotherapy 

1 Osteosarcoma 3.962 3.128 
2 Osteosarcoma 10.641 5.972 
3 Chondrosarcoma 5.726 4.225 

 

 

Table I. Basic characteristic of patients in the two groups.

Note: *P<0.05, compared with the control group. 

 
Fig. 1. ROC curves, sensitivity and specificity of TRACP5b and ALP in the diagnosis of 
bone tumors. A) ROC curves of TRACP5b and ALP in the diagnosis of bone tumors; B) 
sensitivity and specificity of TRACP5b and ALP in the diagnosis of bone tumors. 

 

 

 
Fig. 2. Discrete trend of TRACP5b and ALP. A) Discrete trend of TRACP5b; B) 
Discrete trend of ALP. 

 

 

Fig. 1. ROC curves, sensitivity and specificity of TRACP5b and ALP in the diagnosis of bone tumors. A) ROC curves of TRACP5b 
and ALP in the diagnosis of bone tumors; B) sensitivity and specificity of TRACP5b and ALP in the diagnosis of bone tumors.
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Correlation between TRACP5b and ALP
This study showed a positive and linear correlation 

between TRACP5b and ALP, with a correlation coeffi-
cient of r = 0.427, P < 0.01 (Fig. 3A). 

Changes in post-operative expressions of TRACP5b 
in patients with bone tumors (measured on the third 
day after operation) and in patients receiving a 
neo-adjuvant chemotherapy

The changes in serum TRACP5b levels were mea-
sured before and after surgery of the following pa-

nosis of bone tumors were 69.5% and 54.1%, respec-
tively (Fig. 1B).

Discrete trend of TRACP5b and ALP
For TRACPSb, its median serum level was 4.351 

U/L, its average was 5.812 U/L, its quartile spacing was 
(3.542-6.058) U/L (Fig. 2A), and its coefficient of vari-
ation was 51.85%; For ALP, its median serum level was 
85.000 U/L, its average was 124.992 U/L, its quartile 
spacing was (71.000-127.000) U/L, and its coefficient 
of variation was 81.99% (Fig. 2B).
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clasts in the human body and has the activity of de-
grading calcium and phosphorus mineralized sub-
strates in bone matrix (11). Therefore, TRACP-5b 
can be used as a marker of bone resorption and os-
teoclast activity in the human body (12). The pres-
ent study showed that the serum level of TRACP5b 
in the cancer group was significantly higher than 
that in the normal control group. These results 
suggested that TRACP5b can be used as a valuable 
marker in the diagnosis of bone tumors.

By comparing the ROC curves of TRACP5b 
and APL in the diagnosis of bone tumors, it was 
found that TRACP5b had a higher value in the ear-
ly diagnosis. It was also confirmed that TRACP5b, 
like ALP, could be used as a good indicator of bone 
metabolism and bone tumors, therefore, whenever 
possible, the detection of TRACP5b should be car-
ried out in patients with bone tumors.

To sum up, the serum level of TRACP5b can 
be used as a sensitive indicator of bone tumors, 
and the sensitivity and specificity of TRACP5b are 
even higher than those of ALP in the diagnosis of 
bone tumors. However, TRACP5b as an evaluation 
index of therapeutic efficacy of bone tumors still 
needs further study in large sample prospective 
trials.

tients: extensive tumor resection in 4 patients with 
osteosarcoma, marginal resection in 1 patient with 
giant cell tumor, and clearance of intracystic lesions 
in 1 patient with bone cyst. The results showed that 
the post-operative expression of TRACP5b in the 5 
patients was higher than its pre-operative values. The 
changes in the serum TRACP5b levels of 2 cases of 
osteosarcoma and 1 case of chondrosarcoma were also 
measured before and after the patients being treated 
with a neo-adjuvant therapy. It was found that the se-
rum level of TRACP5b after chemotherapy was lower 
than that before chemotherapy, as shown in Table II.

 
Changes in the TRACP5b expression over age

Using age as abscissa (unit: years old) and 
TRACP5b expressions as ordinate (unit: U/L), the 
curve of TRACP5b versus age (Fig. 3B) was plotted. 
It can be seen that TRACP5b was highly expressed in 
children and adolescents, especially in the peak peri-
od of puberty growth and development. In addition, 
TRACP5b expressions gradually increased over age 
after a person was aged 40 or above.

DISCUSSION

TRACP-5b is related to the activity of osteo-
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To the Editor,
The clinical manifestations of acinic cell 

carcinoma (AciCC) in salivary gland are not 
characteristic (1, 2). Most researchers believe that 
the degree of malignance of AciCC is low, and most 
of AciCC cases are treated with local excision (3-
5). If necessary, AciCC of salivary gland can be 
cured by neck dissection in conjunction with post-
operative radiotherapy and chemotherapy, although 

this method may lead to local recurrence and distant 
metastasis. Mucin 1 (MUC1) is a high molecular 
weight type I transmembrane protein encoded by the 
MUC1 gene. Usually, MUC1 is widely expressed 
on the apical surface of human mucosal epithelial 
cells. Abnormal expressions of MUC1 are often 
found in tumor tissues (6). MUC1 can enhance 
the invasiveness of tumor cells by reducing the 
adhesion between tumor cells and by promoting 

Key words: mucin 1; acinar cell carcinoma; salivary gland tumor; tumor markers

This study aimed to detect the expression of Mucin 1 (MUC1) in acinic cell carcinoma (AciCC) of salivary 
gland and to explore the relationship between MUC1 and clinicopathological factors of AciCC of salivary 
gland. Patients with salivary gland tumors who were treated at our hospital were enrolled in this study. The 
pathological sections collected from all subjects were classified by histological examinations. In addition, 40 
cases of primary salivary gland AciCC tissues were selected and classified into experimental group, whereas 
40 cases of normal salivary gland (NSG) tissues were selected and classified into control group. MUC1 
positive cells in both experimental and control groups were detected by immunohistochemistry assays, 
while all clinical data were analyzed statistically. The results showed that MUC1 was only expressed in the 
ductal epithelium of NSG and distributed at the apical side of the cell membrane. In primary salivary gland 
AciCC tissues, scattered expressions of MUC1 were found both on the cell membrane and in the cytoplasm 
of tumor cells, and sometimes even in the cell nuclei, thus completely eliminating the polarized distribution 
of MUC1 expressions. The percentage of MUC1 positive cells in experimental group was significantly 
higher than that in control group (P < 0.05). In addition, the expression of MUC1 in salivary gland AciCC 
was correlated with gender, age, histological type, lesion location, cervical lymph node metastasis, local 
recurrence, and distant metastasis. In conclusion, MUC1 is related to the occurrence and development of 
salivary gland AciCC. Therefore, MUC1 may be used as a novel tumor marker in the clinical diagnosis and 
treatment of salivary gland AciCC.
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followed by the addition of 1000 mL of citrate buffer 
into a pressure cooker for antigen repair. The sections 
were then washed by tap water for 1 min, and the tissue 
area to be measured was marked and washed for 3 min 
x3 times using distilled water (Axyen, China). 100 μL of 
endogenous peroxidase blocker (Axyen, China) was then 
added onto the marked area of each slide and incubated 
for 10 min at 18-28°C. Following another PBS (Axyen, 
China) washing for 3 min x3 times, 100 μL of anti-MUC1 
antibody ab15481 (Beckman, Germany) was dripped 
onto each section and incubated for 120 min at 18-28°C. 
Following another PBS washing for 3 min x3 times, 100 
μL of enzyme-labeled sheep/rabbit IgG polymer (Axyen, 
China) was added onto the marked area and incubated for 
15 min at 18-28°C. Following another PBS washing for 
3 min x3 times, 100 μL of freshly prepared DAB color 
solution (Sigma, America) was dripped onto each slide 
and incubated for 3-5 min at 18-28°C. After rinsing with 
tap water, 100 μL of hematoxylin (InvitroGen, America) 
staining solution was added onto each slide to stain the 
nucleus to light blue, which subsequently turned blue 
upon PBS rinsing. The slides were then dehydrated, made 
transparent and mounted for observation.

Result judgment
The expression of MUC1 in cell membrane or 

cytoplasm/nuclei in 80 immunohistochemically stained 
specimens was observed under a light microscope. The 
expression intensity of MUC1 in a single cell was divided 
into four grades: negative (colorless), weak positive 
(weak yellowish), moderately positive (yellow) and 
strongly positive (strongly yellowish brown). Cells with 
a grade higher than moderately positive were identified as 
positive cells. Microscopically, the distribution of tumor 
parenchymal cells was observed to select the area with a 
high expression. Subsequently, 5 cells positive for MUC1 
expressions were counted in a high power field of vision 
to calculate the rate of positive cells. The rate of MUC1 
positive cells = (number of positive cells/total number of 
cells of the same type) x100%.

Statistical analysis
SPSS19.0 statistical software was used for statistical 

processing. Data were expressed as mean ± standard 
deviation. Independent sample t-test was used for 
the comparison between two groups, while one-way 

their metastasis. MUC1 may be used as a marker 
for the diagnosis of tumor invasion in surrounding 
tissues and the distant metastasis of squamous cell 
carcinoma. Additionally, MUC1 may be used as a 
new molecular marker to improve the prognosis of 
MEC patients in the future. The relationship between 
the expression of MUC1 and the clinicopathological 
factors of salivary gland AciCC was discussed in this 
study, and the results may provide a theoretical basis 
for the early diagnosis, treatment and prognosis of 
salivary gland AciCC.

MATERIALS AND METHODS

Subjects
Patients with salivary gland tumors who were treated 

in The First Affiliated Hospital of Hebei North University 
from March 2015 to September 2018 were enrolled in this 
study. The clinical and follow-up data of the patients were 
analyzed. In addition, the histological sections collected 
from all subjects were classified. According to the 
location of AciCC, 40 samples of primary salivary gland 
AciCC were classified into experimental group, while 40 
normal salivary gland (NSG) tissues were incorporated 
into control group. Informed consent was signed by all 
patients. In addition, this study was unanimously approved 
by the Ethics Committee of The First Affiliated Hospital 
of Hebei North University.

Inclusion criteria: primary salivary gland, salivary 
gland tumors with no signs of metastasis or recurrence; 
clear histopathological diagnosis; all cases were treated 
for the first time or treated for less than 3 months after 
surgery.

Exclusion criteria: No operation or biopsy was 
performed and hence the histopathological features were 
not clear.

Detection of MUC1 expressions
Eighty paraffin specimens were selected and sectioned 

with a thickness of 4μm (7). The Max Vision method was 
used for immunohistochemical staining (8). The PBS 
solution was used as the negative control. Positive quality 
control tablets (BIO-RAD, America) of breast carcinoma 
MUC1 were used as the positive control. The specific 
steps of the experiment were as follows:

First, paraffin sections were dewaxed and hydrated, 
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A large number of papillary vesicles appear in 
papillary cystic section (Fig. 1C). A large number of 
vacuolar structures appear in follicular section (Fig. 
1D). According to the statistics of different types of 
patients, it is found that among all tumor specimens, 
12 cases were of solid type, 12 cases of microcapsule 
type, 6 cases of papillary cystic type and 1 case of 
follicular type (Fig. 1). The 40 cases were followed 
up for 6-105 months, with a median follow-up of 45 
months. The rate of local recurrence was 12.50% 
(5/40) while the rate of distant metastasis was 5.00% 
(2/40).

Expressions of MUC1 in normal salivary gland 
tissue

Fig. 2A shows that normal salivary gland tissue 
is filled with tubular mucinous acinar structure and 
interstitial cells. Fig. 2B shows that dark staining 
is in the medial part of ductal epithelium of NSG 
tissue, but not in other parts. This indicates that 

analysis of variance was used for the comparison among 
multiple groups. In addition, SNK-q test was used for 
the comparison between two groups. The test level was 
α=0.05, and P <0.05 was considered significant.

RESULTS

General features
Among the 40 patients with primary salivary 

gland AciCC, there were 19 males and 21 females, 
with a male-to-female ratio of 1:1.11; the average age 
was 49 years old, and 47.50% (19/40) of the patients 
were aged 51~60 years old; the most common site of 
tumor was parotid gland, 67.50% (27/40), followed 
by palate, 12.50% (5/40), submandibular gland, 
7.50% (3/40), and small salivary gland, 12.50% 
(5/52). Pathological section of the patient is shown in 
Fig.1. No normal tubular mucinous acinar structure 
is found in solid section (Fig. 1A). A large number 
of vesicles appear in microcystic section (Fig. 1B). 

 
Fig. 1. Salivary gland neoplasm cell type. A) 1, 2: solid type, the arrows point to solid 
type structure; B) 1, 2: microcapsule type, the arrows point to microcapsule type 
structure; C) 1, 2: papillary cystic type, the arrows point to papillary cystic structure; 
D) 1, 2: follicular type, the arrows point to follicular structure) (HE*200) 
 

 

 

 

 

Fig. 1. Salivary gland neoplasm cell type. A) 1, 2: solid type, the arrows point to solid type structure; B) 1, 2: microcapsule 
type, the arrows point to microcapsule type structure; C) 1, 2: papillary cystic type, the arrows point to papillary cystic 
structure; D) 1, 2: follicular type, the arrows point to follicular structure) (HE x 200).
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2B), the staining site was not only confined to the 
medial ductal epithelium of NSG tissues, but also 
scattered in cell membrane and cytoplasm of tumor 
cells. The expression of MUC1 was also found in 
some nuclei, indicating that the polar distribution of 
MUC1 expression disappeared.

The rate of MUC1 positive cells 
The rate of positive MUC1 cells in experimental 

and control groups was (86.36±2.48)% and 
(9.06±2.15)%, respectively. There was significant 
difference between the two groups (P < 0.05).

MUC1 is only expressed in the ductal epithelium 
of NSG tissue, and is distributed at the top of cell 
membrane facing the lumen side cells and shows 
polarity distribution.

MUC1 expression in primary salivary gland AciCC
As can be seen from Fig. 3, dark staining was 

found in solid (Fig. 3A), microcapsule (Fig. 3B), 
papillary cystic (Fig. 3C) and follicular (Fig. 3D) 
histopathological sections which suggested that 
MUC1 was expressed in AciCC tissues of primary 
salivary glands. Compared with normal tissues (Fig. 

Table I. The relationship between the expression of MUC1 in salivary gland AciCC and its clinicopathological factors.

Groups Case (n) Rates of MUC1 
positive cells (%) t/F P 

Gender 
Male 19 82.16±2.32

-15.646 <0.001
Female 21 89.92±1.54

Age (years old)

0~20 2 84.79±1.87

11.841 <0.001
21~40 6 87.36±2.19

41~60 25 91.36±3.28

61~80 7 88.48±1.73

Location of 
disease

Parotid gland 27 86.77±2.68

14.671 <0.001
Palate 5 81.16±3.50

Salivary gland 3 93.36±2.37

Other minor 
salivary glands 5 83.14±1.28

Tissue type

Microcapsule type 12 80.33±2.55

115.33 <0.001Papillary cystic 
type 6 78.26±1.69

Solid type 21 92.82±3.13

Cervical lymph 
node metastasis

Yes 5 88.71±1.51
4.016 <0.001

No 35 86.81±1.83

Local 
recurrence 
or distant 
metastasis

Yes 7 93.41±2.06

8.148 <0.001
No 33 85.60±2.61
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Fig. 2. A) 1,2: Normal salivary gland, the arrows point to the normal tubular 
mucinous acinar structure (HE*200); B) 1, 2: MUC1 expression in normal salivary 
gland tissue, the arrows point to the MUC1 positive expression location (Max 
Vision*200). 

 

 

 

 

Fig. 3. The expression of MUC1 in AciCC of salivary gland, the arrow points to the 
positive expression of MUC1. A) 1, 2: MUC1 expression in solid type; B) 1, 2: MUC1 
expression in microcapsule type; C) 1, 2: MUC1 expression in papillary cystic type; D) 
1, 2: MUC1 expression in follicular type) (Max Vision *200) 
 

Fig. 2. A) 1,2: Normal salivary gland, the arrows point to the normal tubular mucinous acinar structure (HEx200); B) 
1, 2: MUC1 expression in normal salivary gland tissue, the arrows point to the MUC1 positive expression location (Max 
Vision x 200).

Fig. 3. The expression of MUC1 in AciCC of salivary gland, the arrow points to the positive expression of MUC1. A) 1, 2: 
MUC1 expression in solid type; B) 1, 2: MUC1 expression in microcapsule type; C) 1, 2: MUC1 expression in papillary 
cystic type; D) 1, 2: MUC1 expression in follicular type) (Max Vision x 200)
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cervical lymph node metastasis, local recurrence 
and distant metastasis was high in patients with 
salivary gland AciCC. Therefore, the expression 
level of MUC1 acts as an important factor affecting 
the prognosis of salivary gland AciCC.

In conclusion, it was speculated that MUC1 may 
play an essential role in the malignant transformation, 
invasion and metastasis of salivary gland AciCC, and 
hence the MUC1 expression may be used as a tumor 
marker in the diagnosis of salivary gland AciCC. 
Therefore, in clinical research and treatment, it is 
recommended to pay attention to patients with an 
abnormally high expression of MUC1.
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To the Editor,
Hilar cholangiocarcinoma (HC) refers to bile duct 

epithelial cancer located in the common hepatic duct 
and left and right hepatic ducts (1). The vast majority 
of HCs have various degrees of OJ (obstructive 
jaundice), and complete obstruction is observed in 
most cases (2). 

To ensure patient safety during operating, it is 
necessary to enhance the patient’s tolerance to surgery 
before an operation. It is reported that preoperative 
biliary drainage (PBD) can significantly improve 

liver function and liver regeneration after surgery (3). 
According to different drainage methods, PBD can 
be divided into internal biliary drainage (IBD) and 
external biliary drainage (EBD) (4). IBD is more of a 
physiological process, which restores bile intestinal 
and hepatic circulation. The patient recovers well, 
but the operation is difficult and the diagnostic value 
is not as good as external drainage (5). Although 
EBD has a desirable drainage effect, patients may 
have destruction in bile enterohepatic circulation, 
and worse long-term recovery. Complications such 

Key words: internal and external drainage; bile acid; liver regeneration; obstructive jaundice; apoptosis

The aim of this study was to investigate the mechanism of hepatocyte apoptosis and regeneration 
after partial hepatectomy in obstructive jaundice (OJ) rats under different drainage methods of bile acid 
intervention. Forty male Sprague Dawley rats were randomly divided into five groups. An OJ rat model 
was established by the following protocols. Seven days after obstruction, an SD rats model with 70% 
partial hepatectomy was established by different drainage methods of OJ. Blood and liver tissue samples 
were collected from rats 72 h after surgery; 72 h after partial hepatectomy (PH), the liver regeneration 
rate, the expression of proliferating cell nuclear antigen (PCNA) and the level of mitotic index (MI) in 
the internal biliary drainage (IBD) group were higher than those in external biliary drainage (EBD) 
group (P < 0.05). Those in the EBD group were higher compared to the OJ group (P <0.05). There was no 
significant difference among the IBD group, EBD+CA group and (SO) sham operation group (P>0.05). 
Bax expressions had the same trend as AI in the five groups. The expression of Bcl-2 was increased in the 
IBD group and EBD+CA group, which was statistically higher compared to the SO group (P < 0.05). In 
conclusion, both internal and external drainage can relieve biliary obstruction. The difference in liver 
regeneration caused by external drainage and internal drainage may be attributed to the destruction of 
bile acid enterohepatic circulation, which increases hepatocyte apoptosis and affects liver regeneration.
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Postoperative management and observation
After the operation, the rats were kept in separate 

cages, and a lamp was used for warmth until the anesthesia 
was over. General conditions such as hair color, activity, 
diet, mental state, and response to stimuli were recorded. 
Rats were allowed free access to food and water. The 
cages were kept clean constantly to prevent infection of 
the incision.

Specimen collection
At 72 h after 70% PH, the rats in each group were 

laparotomized. 3-5 ml of blood was taken from lower 
inferior vena cava, and maintained at room temperature 
for 15 min, followed by centrifugation (Shanghai 
Precision Instruments Co., Ltd., China) at 3000 rpm for 
15 min. 1.5-2ml of the supernatant was collected in an 
EP tube (Leica, Germany) and stored at -80°C. The liver 
tissue with a volume of 1.0×1.0×0.5 cm3 was immersed 
in 10% formalin (Shanghai Weiao Biotechnology Co., 
Ltd., China) and stored. The liver tissue with a volume 
of 0.5×0.5×0.5 cm3 was put into 2 ml cryotubes (Thermo 
Scientific, USA) and quickly transferred into liquid 
nitrogen and stored at -80°C.

General indexes
The automatic biochemical detector (Nanjing Beiden 

Medical Co., Ltd., China) was used to detect the changes of 
serum aspartate transaminase (AST), Alanine transaminase 
(ALT), total bilirubin (TBIL) and albumin (ALB) levels. 
Conventional pathological sections and H&E staining 
were performed. The proportion of mitotic or binucleated 
cells in 1000 hepatocytes which were counted under a 
light microscope was defined as the mitotic index (MI). 
Liver regeneration rate (%) = [C-(A-B)] / (A-B) × 100, 
where A refers to the liver mass before surgery, B refers 
to the liver mass removed in the surgery and C indicates 
the liver mass after regeneration. The expression of 
proliferating cell nuclear antigen (PCNA) in liver tissues 
was evaluated by immunohistochemical surfactant protein 
A. Five visual fields were selected under the microscope 
at high magnification. The percentage of PCNA-positive 
cells (brownish yellow nuclei) in 1000 hepatocytes was 
counted.

Serum total bile acid test
Before the test, the concentration of samples were 

as disturbance of acid-base balance of electrolytes, 
poor digestion and absorption, and translocation of 
intestinal flora often occur (6). In the present study, 
an animal model of 70% hepatectomy in OJ rats 
was established under different drainage methods, 
in order to simulate the clinical course of extensive 
hepatectomy after hepatic portal cholangiocarcinoma 
with preoperative drainage and yellowing and to 
understand the related mechanisms of different 
drainage methods in liver regeneration after partial 
hepatectomy.

MATERIALS AND METHODS

Animals 
Forty male Sprague-Dawley rats (SPF  grade) 

weighing 260-300g were purchased from Nanjing Junke 
Bioengineering Co., Ltd., China. The experimental 
animals were fed regularly, and allowed free access to 
food and water. The circadian rhythm was maintained 
properly. The ambient temperature was 15-20°C and 
humidity was 45-65%. The protocol was approved by 
the ethics committee of TongLu First People’s Hospital, 
and the experiment followed the regulations of the State 
Science and Technology Commission on the management 
of laboratory animals.

Preparation and grouping of animal model
Forty Sprague Dawley rats were randomly divided 

into five groups: Obstructive jaundice group (OJ), internal 
bile drainage group (IBD), external bile drainage group 
(EBD), external bile acid drainage + 0.2%CA group 
(EBD+CA) and sham operation group (SO), with eight rats 
in each group. Before the operation, food was forbidden 
for 12 h and water was not provided for 4 h. The rats were 
anesthetized by intraperitoneal injection of 10% chloral 
hydrate solution (Abcam, USA) (0.35ml/100g body 
weight). Seven days after the common bile duct ligation, 
the left outer lobe, the left inner lobe, and the middle lobe 
were removed, which together consisted of about 70% 
of the liver volume, and then drainage was performed in 
the tube. After 7 days of internal drainage, the left hepatic 
lobe and middle lobe were removed, and the liver volume 
was about 70%. After 7 days of external drainage, the left 
and middle lobe of the liver were resected, and about 70% 
of the liver volume was taken.
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0.6% hydrogen peroxide were added. The DAB coloring 
solution was added dropwise to the background color, 
and the reaction was controlled under a microscope. They 
were rinsed by tap water. The slides were counterstained 
in hematoxylin, followed by a series of dehydration and 
transparency. The slides were sealed with neutral gums 
and observed under a light microscope.

Negative controls were applied in the staining process 
by replacing the primary antibody with PBS. A known 
Bcl-2 positive tonsil was used as a positive control. The 
cytoplasm was brownish yellow as a positive reaction cell.

Detection of hepatocyte apoptosis by TUNEL method
The slides were washed with xylene (Shanghai Yuanye 

Biotechnology Co., Ltd., China) twice, 5 min each time, 
followed by washing by 100% ethanol for 5 min. They 
were washed in the order of 100%, 95%, 85%, 70%, and 
50% ethanol for 3 min each time, followed by washing 
by 0.85% NaCl for 5 min. They were rinsed with PBS for 
5 min each time, and incubated with the fixing solution 
(4% paraformaldehyde) for 15 min at room temperature. 
They were rinsed with PBS twice, 5 min each time, and 
the moisture was removed. 100 μl of 20 μg/ml proteinase 
(Beijing Zhongshang Jinqiao Biotechnology Co., Ltd., 
China) K solution (after 1:500 dilution) was added to 
cover the tissue and incubated at room temperature for 
10~30 min. They were rinsed with PBS for 5 min, and 
incubated with the fixing solution (4% paraformaldehyde 
in PBS) for 5 min at room temperature. They were rinsed 
with PBS twice, 5 min each time, and the moisture was 
removed. 100 μl of Equilibration buffer was added and 
incubated for 5~10 min at room temperature. They sections 
were incubated in 100 ul/slide of rTd T reaction mixture, 
followed by incubation with 2×SSC solution for 15 min to 
terminate the reaction. They were rinsed with PBS three 
times, 5 min each time. They were incubate with 0.3% 
H2O2 for 3~5 min, and rinsed with PBS three times, 5 min 
each time. 100 ul/slide of the streptavidin HRP solution 
(after 1:500 dilution) was added and incubated at room 
temperature for 30 min. 50 ul of DAB 20 × chromogen 
and 50 μl of 20 × hydrogen peroxide were added. 100 
μl DAB was added onto the slides and developed in a 
room until pale brown appeared. They were dehydrated 
through gradient ethanol and treated in xylene twice, 10 
min each time. The slides were sealed with neutral gum 
and observed under an optical microscope. The apoptotic 

estimated and hence the samples were diluted to fit in 
the detection threshold of the kit. All liquid reagents 
were mixed prior to use. 100 µL of sample dilution was 
added to the blank well, and 100 µL standard samples 
or test samples were added to other wells. The plate was 
covered and incubated at room temperature at 37°C for 2 
h. The solution was thoroughly aspirated from wells and 
the liquid was discarded. 100 µL of working solution of 
the test solution A was added to each well. The plate was 
covered and incubated at 37°C for 1 h. 100 µL of working 
solution of the test solution B was added to each well. The 
plate was covered and incubated at 37°C for 1 h. Ninety 
µL of substrate solution was added to each well. The plate 
was developed at 37°C in the dark for 30 min. The stop 
solution was added to each well. At this time, the blue 
color turns yellow, and the stop liquid is no longer added. 
The solution in each well was made up to the same level 
with secondary water. The optical density (OD value) of 
each well was read at 450 nm. The plate was evaluated 
right after the stopping the reaction.

Liver pathology test
The liver specimens were fixed and dehydrated. They 

were then immersed in wax and embedded, followed by 
paraffin sectioning. Baked slices were produced, and the 
slices were subjected to HE staining.

Detection of Bcl-2 and Bax expressions in liver tissues by 
immunohistochemistry

The tissues were dewaxed with xylene twice, for 10 
min each time. The tissues were washed with 100%, 
95%, 90%, 80%, 70% ethanol and distilled water for 5 
min each time, and then washed with PBS (pH 7.4) for 
3 times, 5 min each time. The endogenous peroxidase 
activity was blocked at room temperature by 30-min 
incubation in 0.3% H2O2 and 80% methanol. The sections 
were rinsed with PBS three times, 5 min each time. 0.01M 
citrate microwave antigen was repaired at 92~98°C for 15 
min. The primary antibody (rabbit anti-mouse Bax, Bcl-
2) was applied dropwise at 4°C overnight. The sections 
were rinsed three times, 2 min each time. The goat anti-
rabbit IgG antibody-HRP multimer was added dropwise 
and incubated at 37°C for 20-30 min. The sections were 
washed three times, 2 min each time. 50 μl of DAB 
substrate buffer was added to 950 μl of distilled water to get 
a working solution. 50 μl of DAB chromogen and 50 μl of 
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RESULTS

Establishment of animal models
As shown in Table IA, the body weight of the rats 

in the IBD group was higher than that in OJ group 
and EBD group 7 days after drainage and 3 days 
after partial hepatectomy, respectively. There was 
no significant difference between the IBD group and 
EBD+CA group.

Detection of liver function in each group after PH
The liver function of OJ group was better after 

cells stained with brownish yellow in the nucleus were 
observed under a light microscope. Five hundred-fold 
visual fields were counted in each case. The average 
number of apoptotic cells per 100 nuclei was used as the 
apoptotic index (AI).

Statistical analysis
Statistical analysis and plotting of data were performed 

by SPSS statistics 19.0 and Excel. Data were presented as 
mean ± standard deviation. One-way analysis of variance 
was used for comparison between groups. P<0.05 was 
considered statistically significant.

Table I. Comparison of test results of five groups of rats. 

Groups OJ group IBD group EBD group EBD+CA group SO group

A

Preoperative 271.33±8.11 269.15±8.26 270.28±8.53 270.52±8.22 271.17±8.13

7d after bile 
duct ligation 278.17±16.21 277.57±17.43 277.15±14.54 279.16±15.67 278.51±13.72

7d after different 
methods of 

drainage
278.09±14.34 302.13±12.11 269.54±26.13 296.88±11.54 312.41±12.11

3d after partial 
hepatectomy 282.12±16.15 308.87±14.65 273.75±18.55 301.08±11.03 318.22±11.32

B

AST(U/L) 583.13±42.33*# 215.14±31.22& 360.14±47.37*#& 231.65±23.11& 36.14±6.36&

ALT(U/L) 246.45±21.27*# 84.55±5.53& 138.22±21.35*#& 104.54±6.42& 123.725±11.43&

TBiL(umoL/L) 68.65±6.34*# 13.13±0.59& 7.93±0.52*#& 11.06±1.57& 19.65±1.96&

ALB(g/L) 28.82±5.54*# 35.87±3.07& 30.34±5.45*#& 34.14±4.18& 37.26±2.25&

C

Liver 
regeneration rate 

(%)
40.92±5.51*# 92.03±12.16& 65.16±9.16*#& 89.15±10.69& 99.14±10.16&

PCNA 55.06±8.15*# 64.13±6.34& 56.87±7.14*#& 62.26±7.15& 78.47±9.87&

MI(%) 12.33±2.37*# 16.32±2.41& 14.16±3.24*#& 17.06±2.54& 19.11±3.47&

D TBA 141.34±21.17*# 71.87±14.75*& 54.24±9.26*#& 88.36±13.54*& 91.22±10.38#&

A) Changes in body weight of rats (g); B) Results of liver function tests in each group; C) Changes in liver regeneration 
rate, PCAN, and mitotic index in each group; D) Changes in serum TBA after liver incision (μmol/L)
*P<0.05, compared with the same period in SO group; #P<0.05, compared with the same period in IBD group; &P<0.05, 
compared with the same period in OJ group.

Q. SUN ET AL.



575Journal of Biological Regulators & Homeostatic Agents

0.05). There was significant difference among the OJ 
group, IBD group, EBD group and SO group (P<0.05).

Detection of liver pathology
The OJ group showed an alleviation in liver 

congestion. The swelling at 72 h after the operation 
was significantly relieved 7 days after obstruction. 
The obvious dilatation of bile ducts above the 
obstructive segment was significantly reduced. The 
liver of the IBD group was significantly relieved of 
the swelling before drainage. The color was ruddy 
and bright. The texture of liver was soft, and the 
dilatation of bile ducts at all levels was significantly 
reduced. The liver color of rats in the EBD group 
was brighter than that in the OJ group, however, 
compared to the liver of EBD+CA group and SO 
group, the color was darker and the texture was 
tough. The liver of the EBD+CA group was roughly 
the same as that of the IBD group. The surface of the 
liver of the SO group was ruddy, bright and soft.

Observation of H&E staining under a light 
microscope

Obvious inflammatory cell infiltration was 

PH, which was significantly different compared 
to other groups (P < 0.05) (Table IB). There was 
significant difference among the OJ group, IBD 
group, EBD group and SO group (P < 0.05).

Changes of liver regeneration ration, PCNA, and MI 
in all groups after PH

PCNA was weakly expressed in hepatocytes of the 
OJ group (Fig. 1A), which was positively expressed 
in the IBD group (Fig.1B). The expression level of 
PCNA in the EBD group and EBD+CA group was 
higher than that in the OJ group but lower than that 
in the IBD group (Fig. 1C, D). PCNA was strongly 
expressed in hepatocytes of SO group (Fig.1E).

The liver regeneration rate, PCNA and MI of 
the OJ group were significantly lower than those 
of the other groups (P<0.05) (Table IC). There was 
significant difference among the OJ group, IBD 
group, EBD group and SO group (P<0.05).

Changes of TBA levels
As can be seen in Table ID, the overall TBA of 

the OJ group was significantly increased, which was 
significantly higher compared to the other groups (P < 

 

 

 
Fig. 1. The expression of PCNA in liver of each group by immunohistochemistry. A) 
OJ group; B) IBD group; C) EBD group; D) EBD+CA group; E) SO group) (100×). 

 

 

 
Fig. 2. HE staining results of liver in each group. A) OJ group; B) IBD group; C) 
EBD group; D) EBD + CA group; E) SO group) (100 ×). 
 

Fig. 1. The expression of PCNA in liver of each group by immunohistochemistry. A) OJ group; B) IBD group; C) EBD 
group; D) EBD+CA group; E) SO group) (100×).
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As shown in Fig. 3A, Bax was strongly positive 
in the OJ group. Bax was weakly expressed in the 
IBD group. The expression of Bax in the EBD 
group and EBD+CA group was lower than that of 
the OJ group but higher than that of the IBD group. 
Bax was rarely expressed in the SO group.

As shown in Fig. 3B, little Bcl-2 was expressed 
in hepatocytes of the OJ group, and was positively 
expressed in I the BD group. The expression of 
Bcl-2 in the EBD group and EBD+CA group was 
higher than that of the OJ group but lower than that 
of the IBD group. Almost no Bcl-2 expression was 
found in the SO group.

Determination of hepatocyte apoptosis by TUNEL 
method

As shown in Fig. 3C, substantial apoptosis was 
found in the OJ group, but little in the IBD group. 
Apoptosis in the EBD group and EBD+CA group 
was less than that in the OJ group but greater than 
that in IBD group. Very little apoptosis was found in 
the SO group.

observed in the liver of the OJ group, with focal 
necrosis, bile duct dilatation and moderate 
hyperplasia (Fig. 2A). Hepatocyte or intercellular 
cholestatic changes in the IBD group were 
significantly less than those in the OJ group. The 
bile duct was slightly dilated and proliferated, with 
focal necrosis and a small amount of inflammatory 
cell infiltration (Fig. 2B). The changes under the 
light microscope in the EBD group and EBD+CA 
group were less than those of the OJ group but 
more than those of the IBD group (Fig. 2C, D). 
There were no obvious abnormalities in the liver 
cell morphology of the SO group. The structure of 
the hepatic lobule, central vein, and portal area was 
clear, and only a small number of inflammatory 
cells were scattered (Fig. 2E).

Detection of Bax and Bcl-2 expressions and apoptosis 
in hepatocytes

The immunohistochemical positive reaction 
showed brownish yellow particles. Both Bax and 
Bcl-2 positive reactions were localized in the cytosol.

 

 

 
Fig. 1. The expression of PCNA in liver of each group by immunohistochemistry. A) 
OJ group; B) IBD group; C) EBD group; D) EBD+CA group; E) SO group) (100×). 

 

 

 
Fig. 2. HE staining results of liver in each group. A) OJ group; B) IBD group; C) 
EBD group; D) EBD + CA group; E) SO group) (100 ×). 
 

Fig. 2. HE staining results of liver in each group. A) OJ group; B) IBD group; C) EBD group; D) EBD + CA group; E) 
SO group) (100 ×).
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DISCUSSION

Bcl-2 is an apoptosis inhibitory gene (7), and Bax 
has an opposite function of Bcl-2 (8). The presence of 
Bcl-2 in the mitochondrial outer membrane protects 
cells from apoptosis. Bile acid is a general term for a 
class of choline acids in bile (9). After liver synthesis, 
the bile salt output pump enters the small intestine 
with bile and participates in metabolic processes 
(10). Recent studies found that bile acids can act as 
a signaling molecule to play an important regulatory 
role in liver regeneration by activating related 
signaling pathways (11, 12). There was no significant 
difference in the exogenous bile acid intervention 
between the EBD group and the IBD group. It is 
speculated that bile acid may inhibit hepatocellular 
apoptosis by directly or indirectly down-regulating 
the proapoptotic gene Bax and up-regulating the 
expression of anti-apoptotic gene Bcl-2.

The results of this study indicated that Bax played 
a very important role in the regulation of hepatocyte 
apoptosis. Bile acid had an inhibitory effect on 
hepatocyte apoptosis after hepatectomy in different 
drainage modes of OJ rats, and had a promoting effect 
on liver regeneration of residual liver. There was 
no significant difference in the exogenous bile acid 
intervention between the EBD group and IBD group. 
Bile acid may inhibit the apoptosis of hepatocytes by 
directly or indirectly down-regulating the proapoptotic 
gene Bax and up-regulating the expression of anti-
apoptotic gene Bcl-2. In conclusion, Bax and Bcl-2 
promoted liver regeneration by inhibiting apoptosis 
in liver tissues during early liver regeneration. The 
regulatory mechanisms and their signaling pathways 
remain to be further studied.
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To the Editor,
The shoulder is the most inherently unstable 

joint in the body, prone to frequent subluxation 
or dislocation (incidence of 24/100.000 cases per 

year); in 96-98% of cases, the shoulder displaces 
in an anterior direction (1). Glenoid labral damage 
is frequently identified as the source of recurrent 
subluxation or luxation following a major trauma or 
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The aim of this study is to determine the diagnostic performance of Magnetic Resonance Arthrography 
(MRA) in evaluating lesions of the glenoid labrum, in young active patients with chronic unstable 
shoulder, compared to shoulder arthroscopy. We retrospectively considered 65 MRA examinations, 
performed between December 2011 and January 2018. Among them, thirty-five patients (31 men, 4 
women; mean age, 27.3 years; range, 16-53 years; 4 patients with a previous arthroscopy of the same 
shoulder) underwent shoulder arthroscopy after MRA. Arthroscopic reports were collected and 
analyzed for the correlation with MRA results. The inclusion criteria were: a) clinical symptoms of 
chronic shoulder instability with at least 2 episodes and less than 5 episodes of shoulder dislocation; b) 
arthroscopy performed by surgeons in our institution; c) non-professional sportsmen, that is occasional 
or amateur sport practice. MRA examinations, carried out with a 1.5 T superconductive magnet, were 
evaluated by two radiologists. The authors observed complete agreement between MRA evaluation and 
arthroscopic findings in 31 patients, and disagreement in 4 patients. Sensitivity was 93%, specificity 
71%, positive predictive value 93%, negative predictive value 71% and the diagnostic accuracy for all 
glenoid lesions 88%. In patients with chronic shoulder instability, MRA confirmed its high sensitivity 
and positive predictive value for the diagnosis of labral lesions, providing useful information on the size 
and extent of the tears. The lower value of specificity and negative predictive value were probably due 
to the small number of patients who underwent arthroscopy after an MRA negative for glenoid injuries.
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prevalence of labral pathology on MRA, with a lack 
of association with symptomatic injuries in athletes 
(8), less articles have been devoted to evaluate the 
role of MRA in identifying labral lesions in young 
active patients with unstable shoulder. Considering 
the arthroscopic findings as the reference standard, 
we therefore retrospectively evaluated the accuracy 
of MRA in detecting the type and location of labral 
tears in young patients with chronic shoulder 
instability.

MATERIALS AND METHODS

An institutional review board approved the retrospective 
study and each patient, at the time of MRA examination, 
gave a full written informed consent. 

Sixty-five MRA examinations of patients with chronic 
shoulder instability performed between December 2011 
and January 2018 were retrospectively analyzed. Of these, 
only patients who underwent arthroscopy after MRA 
were considered. The inclusion criteria were: a) clinical 
symptoms of shoulder chronic instability with at least 2 
episodes and less than 5 episodes of shoulder dislocation; 
b) arthroscopy performed by orthopedic surgeons in our 
institution; c) non-professional sport performers, that is 
occasional or amateur sport practice.

We excluded patients who: a) did not proceed to 

repeated micro traumatisms, especially in patients 
affected by ligamentous laxity (2). To plan the correct 
surgical treatment, for improved outcome in young 
patients (under the age of 30), it is essential to identify 
the precise location of labral injuries, according to 
a clockwise approach (3) or by dividing the labrum 
into six segments (4), and the associated lesions. 
Usually, in patients with acute symptoms, magnetic 
resonance imaging is the modality of choice, without 
using any contrast material, considering that the soft-
tissue changes and the presence of joint effusion are 
able to produce enough intrinsic contrast to obtain a 
characterization of the lesions (5). On the contrary, 
in patients with recurrent shoulder luxation, and 
when the clinical evaluation suggests the presence of 
some insufficiency of the glenoid labrum, magnetic 
resonance arthrography (MRA), with intra-articular 
contrast injection, is the preferred technique as it 
distends the capsule, giving a better demonstration 
of intra-articular structures, and allows the passage 
of the contrast agent into the labrum, in case of tears, 
or between the labrum and the glenoid, in case of 
labral detachment. While there are several reports 
on the accuracy and sensitivity of MRA versus 
arthroscopy in the detection of Superior Labral tear 
from Anterior to Posterior (SLAP) lesions (6) or in 
elite level athletes (7), and there is a well-known high 

Table I. Correlation between MR arthrography and arthroscopy findings.
Arthroscopy

NO 
lesion

SLAP
I

SLAP 
II

SLAP 
III

SLAP 
IV BANKART  REVERSE 

BANKART ALPSA

MR Arthrography NO lesion 5 0 1 0 0 0 0 1

SLAP I 0 2 0 0 0 0 0 0

SLAP II 1 0 8 0 0 0 0 0

SLAP III 1 0 0 0 0 0 0 0

SLAP IV 0 0 0 0 2 0 0 0

BANKART 0 0 0 0 0 8 0 0

REVERSE 
BANKART 0 0 0 0 0 0 4 0

ALPSA 0 0 0 0 0 0 0 2
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same 22-gauge spinal needle. All procedures were carried 
out respecting sterile conditions and no complications, 
such as extravasation, anesthetic drug reaction, bleeding or 
infection were recorded.

MRA was performed immediately after or no more 
than 15 min after contrast injection. All patients underwent 
MRA imaging with the upper arm in a neutral position.  
Standard protocol included coronal, sagittal, and axial fat-
saturated T1-weighted, and axial T1-weighted fast Spin 
Echo images.

Considering their location, according to a clockwise 
approach (3) or dividing the labrum in six segments 
(4), the labral tears were classified into: SLAP lesions, 
considering ten different types (4), involving the superior 
labrum; Bankart lesion, GLAD (Gleno-Labral Articular 
Disruption), and Bankart variants, such as Perthes, 
ALPSA (Anterior Labroligamentous Periosteal Sleeve 
Avulsion), involving the antero-inferior labrum; reverse-
Bankart lesion, posterior GLAD (Gleno-Labral Articular 
Disruption), and reverse-Bankart variants, such as reverse 
Perthes, POLPSA (Posterior Labroligamentous Periosteal 
Sleeve Avulsion), involving the postero-inferior labrum (5).

Additional findings such as anatomic variants (sublabral 
recess and sublabral foramen) were also reported.

Reports from all arthroscopies were collected from 
orthopedic and considered as reference standard for 
confirming or excluding the MRA findings. 

arthroscopy and those who performed arthroscopy in 
another hospital with unavailable surgical reports; b) 
performed arthroscopy after a time interval > 1 year 
from MRA; c) had complete tears involving at least one 
tendon of the rotator cuff (that lesion could be related to 
multidirectional instability). A previous surgical shoulder 
arthroscopy was not considered a criterion to exclude a 
patient from the study. Only 35 patients met the inclusion 
criteria (31 men, 4 women; mean age, 27.3 years; range 16-
53 years; 19 right shoulders; 16 left shoulders; 4 patients 
with a previous operative arthroscopy for labral repair of 
the same shoulder), and all carried out occasional sport 
practice. MR arthrograms were retrospectively reviewed by 
two radiologists by consensus. The mean interval between 
MRA and arthroscopy was 3 months (range 2-7 months).

All MRA studies were carried out with a dedicated 
8-channel shoulder coil using a 1.5 T superconductive 
magnet (Optima MR 450 W GEM, General Electric Health 
Care, Milwaukee, USA). Before MRA examination, local 
anesthesia was performed (Mepicain 2%, 5 ml). Then, 
approximately 2 ml of iodinated contrast agent (Iopamiro 
300; Bracco, Italy) were injected using a 22-gauge spinal 
needle, in the glenohumeral joint, under fluoroscopic 
guidance, with an anterior approach. Subsequently, 15-
20 ml of gadolinium based-contrast medium (Magnevist; 
Bayer-Schering, Berlin, Germany) solution, diluted to a 
concentration of 2 mmol/l (1:20), were injected using the 

Fig. 1. A 32-year-old man with SLAP lesion type II. A) Coronal T1-weighted fat-suppressed MR image shows a tear of the 
anterosuperior glenoid labrum (arrow); B) sagittal T1-weighted fat-suppressed MRA image demonstrates involvement 
of the biceps labral complex (arrow). 
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lesions, 2 cases were classified as SLAP I (16.7%), 8 
as SLAP II (66.6%), 2 as SLAP IV (16.7%). Among 
Bankart lesions, 4 patients presented an associated 
bone fracture of the glenoid. All these injuries were 
confirmed at arthroscopy.

MRA demonstrated 2 injuries that were not 
confirmed during arthroscopy: 1 SLAP II and 1 
SLAP III. Furthermore, MRA failed to demonstrate 
2 injuries: 1 ALPSA e 1 SLAP II; in both these 
cases, the patients had undergone previous surgery. 
Therefore, we obtained 26 true positives, 5 true 
negatives, 2 false positives, and 2 false negatives. 
MRA achieved a sensitivity of 93%, a specificity of 
71%, a positive predictive value of 93%, a negative 
predictive value of 71% and a diagnostic accuracy, 
for all glenoid lesions, of 88 %.

In one true positive diagnosis, arthroscopy 
confirmed Bankart lesion but depicted a sublabral 
foramen which was not detected on MRA. In 
another case, MRA overestimated the grade of SLAP 
lesion, judging as SLAP lesion type II a SLAP type I 
observed on arthroscopy.

DISCUSSION

Our retrospective evaluation showed a significant 
correlation (P <0.05) between the results of MRA and 
the arthroscopic findings. The sensitivity and positive 

RESULTS

MRA and arthroscopic results are reported in 
Table I. MRA showed 12 SLAP lesions (34.3%) (Fig. 
1), 8 Bankart (22.8%) (Fig. 2), 2 ALPSA (5.7%) (Fig. 
3) and 4 reverse-Bankart (11.4%). Among the SLAP 

Fig. 2. A 22-year-old man with Bankart lesion. Axial 
T1-weighted fat-suppressed MRA image shows a large 
interruption of the continued hypointense linear profile of 
the anteroinferior glenoid labrum.

Fig. 3. A 24-year-old man with ALPSA lesion. A) Axial T1-weighted fat-suppressed MRA image shows a detachment of the 
anteroinferior labrum which remains attached to the periostium and is shifted medially (arrow); B) Sagittal T1-weighted 
fat-suppressed MRA image demonstrates the presence of contrast material between the anteroinferior glenoid and the 
labrum (arrow).
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versus open treatment, or in planning the arthroscopic 
repair.
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the homogeneity of the study group, as only two 
radiologists performed and reviewed all MRA 
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carried out the arthroscopic repairs. Another very 
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to carry out an MRA. 
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evaluation with a relatively small sample size from 
a single institution, thus the incidence of Bankart 
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in choosing the right surgical approach, arthroscopy 
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To the Editor,
Physical activity (PA) is an effective, practical 

and inexpensive way to improve health, to balance 
the internal homeostatic process, to control body 
weight and to reduce age-related cognitive decline 
(1, 2).

PA increases the metabolic rate, leading to 
higher reactive oxygen species (ROS). ROS are 
molecules or ions formed by the incomplete one-
electron reduction of oxygen; the production was 
performed especially via NADPH oxidase and the 
mitochondrial respiratory chain (3). At moderate 
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Aerobic exercise is associated with the sympathetic activation evoking adaptive responses to sustain 
muscle engagement. Physical exercise can cause alterations in the cardiovascular activity and cellular 
stress may occur which could be marked by either heart rate (HR), or galvanic skin response (GSR). 
Moderate plasma levels of reactive oxygen species (ROS) are considered as health markers, absolving to 
important roles such as adaptive cellular responses to exercise. Orexin A, a hypothalamic peptide, causes a 
widespread stimulation of the sympathetic nervous system, playing a role in many physiological functions. 
The aim of this study was to analyze the effects of aerobic exercise on Orexin A plasma levels, evaluating 
the possible association with physical exercise and oxidative stress, both involved in the sympathetic and 
thermogenic reactivities. Three blood samples were collected at various periods of time from all participants 
(25 males with mean age of 23.4±2.1 years): resting time (0 min), exercise time (at the start and at end 
of exercise) and recovery time (30-45 min after training). At the same interval times, heart rate (HR), 
galvanic skin response (GSR), rectal temperature, and d-ROMs test were monitored. Exercise induced 
a significant increase in the following parameters: HR (p < 0.01); GSR (p < 0.05); rectal temperature 
(p < 0.01); and plasma Orexin A (p < 0.01). No significant increase of the d-ROMs values were found. 
The results of this study confirmed that physical activity is associated with the sympathetic activation, as 
demonstrated by HR and GSR increases after training. Changes in the Orexin A plasma levels reveal the 
presence of hormonal adaptations in response to exercise, indicating that this peptide might be involved in 
cardiovascular regulation. Further studies could confirm the multitasking role of this neuropeptide.
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parameters are summarized in Table I.
All participants gave their written informed consent 

to take part in the study and signed permission for the 
use plasma samples. The study protocol was approved by 
the Ethics Committee of the “University of Campania” 
and all procedures were performed in accordance with the 
Declaration of Helsinki. 

Study protocol
The protocol consisted of a single testing day in which 

each subject performed their usual daily routine. The 
blood samples were collected during the experiment at 5 
different time-points: resting time (0 min), exercise time 
(at the start and at end of exercise) and recovery time (30-
45 min after training). The physical activity consisted of 
a cycle ergometer exercise at 75 W for 15 min, performed 
at 1-15 min periods (moderate intensity).

 

Measurement of heart rate (HR), galvanic skin response 
(GSR), and rectal temperature (RT)

The measurements of HR, GSR, and RT were recorded 
at 5 different time-points: resting time (0 min), exercise 
time (at the start and at end of exercise) and recovery 
time (30-45 min after training). Each subject wore a 
chest belt hard-wired to a digital R-R recorder (BTL08 
SD ECG), where the QRS-signal wave-form R-R signal 
was sampled at the resolution of 1 ms. The HR (beats 
min-1) was calculated using the formula: HR = 60 R-R 
interval-1; the R-R interval was converted into seconds. 
The GSR parameters were measured simultaneously 
using the SenseWear Pro Armband™ (version 3.0, 
BodyMedia, Inc. PA, USA), which was worn on the right 
arm over the tricep muscles at the midpoint between 
acromion and olecranon processes, as recommended by 
the manufacturer. Rectal temperatures were measured 

concentrations, ROS participate in redox regulation 
acting as regulatory mediators in signaling processes, 
re-establishing “redox homeostasis” thanks to the 
ROS-mediated responses (4). By contrast, exhaustive 
exercise increases ROS generation, leading to 
oxidative stress (OS) and damage to physiological 
functions (5).

The Orexin A (hypocretin-1), a neuropeptide 
synthesized by neurons located in the perifornical 
region of the lateral hypothalamus area (LHA), 
plays several roles in the regulation of various body 
systems. It was described that a dose of Orexin A, 
given by intracerebroventricular (IVC)  injection, 
causes effects on food intake; it is also responsible 
for an increase in blood pressure (BP), heart rate 
(HR) and metabolic rate (6, 7). In addition to the 
regulation of food intake, BP, HR, and metabolism, 
the Orexin A system plays an important role in sleep 
regulation and in temperature control. The aim of 
this study is the analysis of the aerobic exercise 
effects on Orexin A plasma levels; moreover, this 
paper aims to describe a possible link between PA 
and oxidative stress.

MATERIALS AND METHODS

Twenty-five male athletes (mean age 24.9 years; SD 
± 1.3), at the lower agonistic level (regional level), were 
enrolled by the Unit of Dietetics and Sports Medicine 
of the University of Campania “L. Vanvitelli”. Low 
agonistic level training corresponds to the moderate level 
of physical exercise. According to the American Heart 
Association’s Recommendations for Physical Activity 
in Adults, exercise with values between 11 and 14 of 
the Borg Rating of Perceived Exertion scale (or RPE) is 
defined as “moderate activity”. The principal physiological 

Table I. Principal biological parameters for the study group.

PARAMETERS MEAN VALUES

Body Mass Index 23.4±7

Systolic blood pressure 122±8

Diastolic blood pressure 72±6
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USA) containing EDTA and 0.45 TIU/ml of aprotinin.. After 
centrifugation, the plasma was stored at −80°C until analysis. 
Enzyme-linked immunoassay kits (ELISA) were used to 
measure plasma Orexin A levels (Phoenix Pharmaceuticals). 
The minimal detectable concentration was 0.37 ng/ml, the 
intra-assay error < 5% and the inter-assay error < 14%.

with electronic thermometer thermistor/thermocouple 
(Ellab A/S, Hilleroed, Denmark).

Plasma Orexin A detection
Blood samples from the forearm vein were drawn at 

8:00 a.m., using Vacutainer tubes (BD, Franklin Lakes, NJ, 

Fig. 1. GSR variations among pre-exercise status, during exercise status and in the recovery periods.

Fig. 2. Variations of Orexin A plasma values between pre-exercise status, during exercise status and in the recovery periods.
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effects [F(3, 48) =5.29, p <0.01]. The post-hoc test 
showed a difference between pre-exercise and post- 
exercise values at 30, 45, and 60 min.

The physical activity caused an increase in HR with 
the maximum level at 30 min. Heart rate (beats/min) 
changed from a basal value of 70±5.3 to 137.9±4.7 
at 30 min, and returned almost to basal value at 60 
min. The ANOVA Test showed significant effects [F 
(3,48) =91.54, p <0.01]. The post-hoc test showed a 
difference between pre-exercise and post-exercise 
values at 30 min.

The physical activity caused an increase in GSR 
with the maximum level at 30 min. GSR (μS) increased 
from a basal value of 1.33±0.11 to 1.66±0.12 at 30 
min, and it decreased to 1.49±0.12 at 60 min (Fig. 1). 

The ANOVA showed significant effects [F(3, 48) 
=3.87, p <0.05]. The post-hoc test showed a difference 
between pre-exercise and post-exercise values at 30, 
45, and 60 min.

The physical activity caused an increase in 
Orexin A from a basal value of 2612±189 pg/mL to a 
maximum level (3592±189 pg/mL) at 30 min. Orexin 
A decreased to a value of 2961±193 at 60 min (Fig. 
2). The ANOVA showed significant effects [F(3, 48) 

d-ROMs test
The d-ROMs test was tested with the Free Radical 

Analytical System 4 (FRAS4), analyzing a single drop 
of peripheral (finger) blood. The d-ROMs values were 
expressed in the arbitrary unit U. CARR (Carratelli 
Units), as established by the manufacturer (1 U. CARR 
corresponds to 0.08 mg of H2O2/dL). Normal values 
range between 250 and 300 U. CARR and values higher 
than 300 U. CARR suggest increased oxidative stress.

Statistical analysis
The values are presented as means ± SD. Statistical 

analysis was performed using analysis of variance 
(ANOVA). Multiple comparisons were performed by the 
Newman-Keuls post hoc test. All data were analyzed with 
GraphPad Prism-version 5.01 statistical software package 
(GraphPad, CA, USA).

RESULTS

PA caused an increase in RT: the maximum level 
was recorded at 30 min. RT (°C) changed from a basal 
value of 37.36±0.88 to 37.81±0.12, and diminished to 
37.48±0.09 at 60 min. The ANOVA showed significant 

Fig. 3. d-ROM variations between pre-exercise status, during exercise status and in the recovery periods.
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account that PA increases the metabolic demands of 
skeletal muscles leading to a greater oxygen uptake 
and blood flow to the muscles and other organs, also 
with a higher ROS generation (11). In particular, 
we have also evaluated the possible association of 
plasma Orexin A levels with exercise and oxidative 
stress. PA increases oxygen consumption and in 
our study it would be expected to observe higher 
plasmatic d-ROMs levels due to the increase 
in ROS production.  As described in this study, 
regular and moderate exercise decreases the aging-
associated development of oxidative stress reducing 
the oxidative stress markers in the mitochondrial 
membranes; contrariwise, the mitochondrial 
antioxidant enzyme activities were increased (5, 12). 
On the other hand, several studies have demonstrated 
that exercise leads to oxidative stress only when 
exhaustive due to an increase in lipid peroxidation 
products and, consequently, to oxidative stress and 
muscle mitochondrial membrane damage (12). In 
this case, the ROS generation is not counterbalanced 
by the antioxidant defense system determining an 
imbalance definite as “active OS” (12). Considering 
this evidence, our results confirm the previous data. 

In conclusion, our study demonstrates that 
exercise induces an increase in plasmatic Orexin 
A and this peptide could play an important role 
in the peripheral adaptations to physical activity. 
Furthermore, it is certainly premature to speak of 
the beneficial effect of increased exercise-induced 
Orexin A in reducing oxidative stress and/or ROS 
generation. To date, it is only possible to hypothesize 
a positive role for Orexin A. Further experiments 
will have to be carried out to verify this hypothesis, 
confirming a multitasking role for this neuropeptide.
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To the Editor,
Gastro-esophageal reflux (GER) is the 

physiological retrograde passage of gastric content 
(gaseous or liquid) into the esophagus which may 
occur up to 50 times during the day. On the other 
hand, gastro-esophageal reflux disease (GERD) 
is defined when GER determines the onset of 
symptoms, affecting quality of life of the child 
and/or his/her family or causing complications (1). 
GERD-related clinical manifestations are commonly 
classified as gastro-esophageal (or typical) 
symptoms, such as heartburn or regurgitation, 
and extra-esophageal (atypical) events, including 

respiratory manifestations such as asthma, chronic 
cough, and laryngo-pharyngeal reflux (2). Even 
though a clear causal relationship between asthma 
and GERD is still debated, a frequent association 
between the two conditions has been widely reported. 
The first description of GERD-associated respiratory 
symptoms was reported by Kennedy in 1962. Up to 
61% of children with recurrent respiratory symptoms 
were later reported to have GERD, and a study of 
uncontrolled asthmatic children found GERD in 
75% of them (3). Nevertheless, a study conducted 
on 24 asthmatic children, showed mild correlation 
among multichannel intraluminal impedance pH 

Key words: asthma; gastroesophageal reflux disease; magnesium alginate; proton pump inhibitor; asthma control; children

Gastroesophageal reflux disease (GERD) may be frequently associated with asthma in children 
and may affect asthma control. Proton pump inhibitors (PPI) are commonly prescribed in asthmatic 
children, despite uncertain efficacy on respiratory symptoms and risk of relevant adverse effects. We 
investigated whether Magnesium Alginate (MA), an alternative option to PPI in GERD management, 
improves symptom control in children with uncontrolled asthma. Children with uncontrolled asthma 
were prospectively enrolled at two tertiary care pediatric respiratory centers over 4 years. The recruited 
subjects were randomly assigned to three groups, receiving, in addition to current asthma therapy, 
PPI, MA or no specific GERD treatment, respectively, for 8 weeks. Lung function, asthma control test 
(ACT), and asthma control questionnaire (ACQ) were assessed at baseline, at the end of the treatment, 
and at the follow-up. Both PPI and MA significantly improved ACT and ACQ in comparison with 
the control group. ACQ improvement at follow-up resulted more relevant in the MA than in the PPI 
group (p=0.004). No difference between MA and PPI was detected with regard to ACT improvement. In 
conclusion, added to standard asthma medications, MA may improve symptom control in children with 
uncontrolled asthma.
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with ranitidine alone (8). More recently, a large 
randomized-controlled study enrolled 306 children 
(mean age 11 years) with uncontrolled asthma, who 
were treated with lansoprazole in addition to their 
current asthma medications (9). This treatment did 
not affect patient-reported respiratory symptoms, 
nor lung function in comparison with placebo. In 
addition, children treated with PPI experienced 
more frequent side effects, including respiratory 
infections. This circumstance may depend on the 
reduced defense mechanisms against microbial 
colonization because of acid-suppression by PPI and 
on the possible presence of weakly acid or alkaline 
reflux (9). Similarly, it was demonstrated that PPI 
were effective in reducing typical symptoms due to 
acid reflux, but were poorly effective in reducing 
symptoms due to weakly acid or alkaline reflux.

Alginate is a fruitful medication in the 
management of GERD. It precipitates as a gel after 
the exposure to the gastric acid, thus forming a raft 
that represents a barrier to the reflux of the gastric 
content into the esophagus (9). However, there are 
different formulations containing alginate, and data 
on their efficacy are conflicting, probably depending 
on the different compositions (10, 11). Therefore, the 
North American and European Society for Pediatric 
Gastroenterology, Hepatology and Nutrition 

monitoring, respiratory symptoms, and reflux 
episodes. A recent meta-analysis, including 20 
observational studies, reported a 22.8% mean 
prevalence of GERD in asthmatic children and 
underlined a possible association between the two 
disorders, even in the absence of evident cause/effect 
relationship (4). Moreover, it has been hypothesized 
that also increased intra-thoracic and intra-gastric 
pressure, occurring in asthma, may allow GERD 
occurrence. Despite the absence of conclusive 
evidence of causal association between asthma and 
GERD, the prescription of anti-reflux medication 
in infants and children with respiratory symptoms 
suggestive for GERD has become very common 
in clinical practice (5). This pragmatic approach 
is based on some clinical experiences showing 
improved wheezing after anti-reflux treatment (6).

On the other hand, very few studies have 
investigated the effectiveness of proton pump 
inhibitors (PPI) in uncontrolled asthma. A prospective 
study on 27 children with moderate persistent 
asthma and GERD showed a reduced use of anti-
asthmatic medications after a 1-year course with 
combined esomeprazole and metoclopramide (7). 
In the following 6 months, the children continuing 
the combined treatment showed less asthma 
exacerbations in comparison with those treated 

Table I. Demographic and clinical characteristics at baseline in the three groups.
Group A
N= 46

Group B
N=40

Group C
N=36 p-value

Age (years) 8.4±3.2 10.9 ±3.3 11.5 ±2.9 <0.0001

Gender (M/F, %) 50/50 70.7/29.3 27.8/72.2 0.05

FEV1 (% of predicted) 107.4±15.9 100.2±15.1 97.6±12.9 0.02

ACT score 16.9±2.9 17.4±1.8 16.3±2.9 0.62

ACQ score 1.60±0.3 1.3±0.1 1.9±0.5 0.06

ACT class 
(% of subjects) 
(<20/20-24/>25)

77.1/20.8/2.1 70.7/26.8/2.5 83.3/6.7/0.0 0.71
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ii) change of anti-asthmatic treatment 8 weeks prior 
to enrollment in the trial; iii) past or current anti-acid 
treatment; iv) delayed psychomotor development; v) 
chronic disorders; vi) hepatic, cardiac, or renal disease; 
vii) systemic infections; and viii) allergy to cow milk.

Asthma diagnosis was based on history positive for 
typical asthma symptoms, including cough, recurrent 
wheezing and dyspnea, chest tightness, night awakening, 
seasonal symptoms, atopy, symptom worsening after 
climatic change, exposure to smoke, pollution, pollens, 
pets, respiratory infections (mainly viral), drugs, physical 
exercise, and emotional stress. In addition, in compliant 
patients, reversible bronchial obstruction was documented 
by positive response to bronchodilation test, methacholine 
challenge, or exercise test.

Uncontrolled asthma was defined according to 
validated criteria, including: i) use of short acting 
bronchodilators >2 time/week in the previous month; ii) 
night awakening >1/week in the previous month; iii) two 
or more emergency room visits, unscheduled medical 
visits, oral corticosteroid course, and hospital admissions 
for asthma; iv) >1.25 score for ACQ and <20 for ACT.

The ACT questionnaire includes 5 questions 
concerning asthma symptoms and perceived quality of 
life. The ACQ test considers symptoms and lung function.

Children were enrolled at the Pediatric Department 
of Naples University Federico II and the Pediatric 

(NASPGHAN/ESPGHAN) guidelines define the 
positioning of alginate formulations, considering 
the indications, the durations, and the potential 
combinations (2). On the other hand, no study has 
investigated the effectiveness of alginate and PPI in 
the control of respiratory symptoms in children with 
uncontrolled asthma. 

As GERD comorbidity commonly affects asthma 
control in children, the hypothesis to be tested was 
to verify the effectiveness of alginate in improving 
respiratory symptoms in uncontrolled asthma. 
Therefore, this two-center, prospective, randomized, 
controlled study aimed at comparing alginate, PPI, 
and non-specific GERD medication in children with 
uncontrolled asthma.

MATERIALS AND METHODS

Patients
The inclusion criteria were: i) asthma diagnosis 

according to the Global Initiative for Asthma (GINA) 
criteria (21); ii) uncontrolled asthma according to the 
GINA document; iii) age between 6 and 17 years; iv) 
documented diagnosis of GERD; and v) written informed 
consent signed by the parents of the children involved in 
the study.

The exclusion criteria were: i) controlled asthma; 

0

20

40

60

80

R
ed

uc
tio

n 
in

 A
C

Q
 s

co
re

by
 0

.5
 u

ni
ts

 (%
)

p=0.15

p=0.45

p=0.03

Fig. 1Fig. 1. Reduction in ACQ score by 0.5 units (%) in the 3 Groups at T1.



596

90% with an alpha error of 0.05 to detect a difference of 
0.5 units in ACQ score with a mean DS of 1.5. Differences 
in categorical variables were investigated by Chi-squared 
test. Kruskal-Wallis test was performed to evaluate 
differences for continuous variables. All analyses were 
performed using SAS version 9.4 (SAS Institute, Cary, 
NC, USA), and statistical significance was assessed at the 
two-tailed 0.05 threshold.

RESULTS

A total of 122 children with uncontrolled asthma 
were enrolled in the study and demographic and 
clinical data are reported in Table I. All children 
concluded the 8-week treatment and none reported 
any clinically relevant adverse event.

ACQ test
Fig. 1 and Table II show the reduction of ACQ 

score, evaluated by 0.5 units, in the 3 Groups at T1. 
In Group A, 63.2% of subjects had a reduction of 
0.5 units; 46.8% of Group B children, and 33.3% of 
Group C children. There was a significant difference 
between Group A and C (p=0.03). The mean D 
scores were -0.7, -0.5, and -0.3, respectively: the 
comparison among Groups showed a significant 
difference (p=0.006 Kruskal-Wallis test).

Fig. 2 shows the reduction of ACQ score, 

Department of University of Campania Luigi Vanvitelli. 
The Ethic Committees approved the protocol.

Study design
The present study was conducted as two-center, 

prospective, randomized, and single-blind controlled. 
During the first visit (T0), children were visited, 
screened for the requested requisites, and completed two 
questionnaires (asthma control test - ACT and asthma 
control questionnaire - ACQ). The selected children were 
randomly divided into 3 groups: Group A treated with oral 
Magnesium Alginate (Gastrotuss baby) 10 mL 3 times/day 
after meals; Group B treated with Lansoprazole 15 mg/
day (if <30 Kg bw) or 30 mg/day (if >30 Kg bw); Group 
C without GERD treatment. The treatment duration was 8 
weeks for all children.

Dietetic and behavioral recommendations to prevent 
reflux episodes were suggested to all patients. A daily 
diary for GERD symptoms, treatment adherence, and 
side effects was given to the parents. Every patient was 
re-visited four (T1) and eight (T2) weeks after the start of 
the treatment.

Clinical examination, diary assessment, ACT, ACQ, 
and lung function were carried out at each visit.

Statistical analysis
The power analysis revealed the need of a sample size 

of 32 subjects in each arm in order to achieve a power of 
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a significant difference between Groups A and C, 
and between Groups B and C. 

Lung function
There was no significant difference for D FEV1 

among Groups either at T1 (p=0.62) or T2 (p=0.22).

DISCUSSION

Even though the relationship between asthma and 
GERD is still debated, there is no doubt that refluxate 
inhalation into the bronchi may significantly affect 
asthma. In fact, GERD is a well-recognized comorbid 
disorder that should be ruled out in the work-up of 
patients with uncontrolled asthma. This statement is 
supported by the evidence that treating GERD could 
improve asthma control (1).

However, GERD treatment is controversial, the 
guidelines suggest to give advice about GERD and 
reassure patients and caregivers (8-11). Patients with 
suspected GERD could be treated with empirical 
full-dose PPI therapy for 4 or 8 weeks. If symptoms 
recur after initial treatment, a PPI could be offered 
at the lowest dose possible to control symptoms. In 
addition, it is recommended to encourage people 
who need long-term management of dyspepsia 

evaluated by 0.5 units, in the 3 Groups at T2. In 
Group A, 89.1% of subjects had a reduction of 0.5 
units; 55.6% of Group B children, and 33.3% of 
Group C children. There was a significant difference 
between Groups A and C, and between Groups A and 
B (p<0.0001 and =0.004, respectively). The mean D 
scores were -0.9, -0.6, and -0.3, respectively: the 
comparison among Groups showed a significant 
difference (p<0.0001 Kruskal-Wallis test).

ACT questionnaire
Patients were divided into 3 classes according 

to the ACT scores: <20; 20-24; and 25. At baseline, 
77.1% of Group A, 70.7% of Group B, and 83.3% of 
Group C subjects had ACT values <20, as reported 
in Table I.

The percentages of subjects with ACT score 
>20 in the 3 Groups at T1 are shown in Fig. 3A. 
In Group A, 70.8% of subjects had ACT score >20, 
72.3% of Group B, and 28.6% of Group C. There 
was a significant difference between Groups A and 
C, and between Groups B and C. 

The percentages of subjects with ACT score 
>20 in the 3 Groups at T2 are shown in Fig. 3B. In 
Group A, 81.1% of subjects had ACT score >20, 
65% of Group B, and 33.3% of Group C. There was 
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symptoms to reduce their use of prescribed 
medication stepwise: by using the effective lowest 
dose, by trying ‘as-needed’ use when appropriate, 
and by returning to self-treatment with antacid and/
or alginate therapy (unless there is an underlying 
condition or co-medication that needs continuing 
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that it may be appropriate for them to return to self-
treatment with antacid and/or alginate therapy (either 
prescribed or purchased over-the-counter and taken 
as needed). Finally, it is important to avoid long-
term, frequent doses and continuous antacid therapy 
(it only relieves symptoms in the short term rather 
than preventing them). On the other hand, the exact 
role of PPI in the treatment of respiratory symptoms 
in children is hotly debated, mainly concerning 
potential side effects during long-term treatment, as 
recently highlighted (12). 

On the basis of these considerations, alginates may 
be considered as a valid and reasonable therapeutic 
option for children with uncontrolled asthma. The 
current study demonstrated that an 8-week course of 
magnesium alginate is able to significantly decrease 
the number of children with uncontrolled asthma. 
In particular, considering two validated parameters 
commonly used in the assessment of asthma control, 
such as ACT and ACQ tests, up to 80% of children with 
uncontrolled asthma treated with magnesium alginate 
had a clinically relevant reduction of both scores. 
Interestingly, this outcome was better in children treated 
with alginate than in PPI-treated subjects. 

The current study has some strengths, such as the 
study design and duration, but also some limitations, 
including the lack of follow-up. Therefore, other 
studies are needed to confirm the current findings.

The main implication of our results is that alginate 
may be a valid therapeutic option in children with 
uncontrolled asthma. In particular, this could suggest 
that an empirical magnesium alginate trial could be 
prescribed in children with uncontrolled asthma to 
try to improve asthma control. Magnesium alginate 
is safe and generally well tolerated. 

In conclusion, the present study demonstrated 
that magnesium alginate may be able to improve 
asthma control in children with uncontrolled asthma 
in clinical practice. 
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To the Editor,
Children with recurrent respiratory infections 

(RRI), mainly allergic, are an emerging problem 
for paediatricians and otolaryngologists in clinical 
practice. The diagnosis of RRI is performed according 
to the following criteria: i) > 6 RI per year; ii) > 1 RI 
per month involving upper airways from September 
to April; iii) > 3 RI involving lower airways (1). RRI 
have a relevant impact on pharmaco-economy and 
are a burden for both the family and society. 

Many factors may be involved in promoting 
and/or causing RRI, including age (for a relative 
immaturity of the immune system), early attending 
at nursery school, air and home pollution, passive 
tobacco smoking, low socio-economic level, and 
atopy. In particular, allergy plays a crucial role in 
promoting RI recurrence as the immune response 
is impaired in allergic subjects and allergic 

inflammation favours infections. Allergic subjects 
have a defect of the type 1 immune response that 
is appointed to hinder infections producing anti-
infective cytokines, namely IFN-g. In fact, allergic 
children have more numerous and severe infections 
than normal subjects (2). Moreover, allergic subjects 
typically present the so-called minimal persistent 
inflammation, i.e. mucosal inflammatory cell 
infiltrate closely associated to allergen exposure (3). 
This event may account for sustained susceptibility 
to infections because of impaired type 1 response, 
increased ICAM-1 expression (the main rhinovirus 
receptor) on epithelial cells, and local inflammation 
that represents a pabulum for pathogens. In addition, 
viral infections may increase the probability of 
contracting frequent RI because of the high number 
of circulating viruses and the numerous sub-types. 
Viral infections are predominant, but bacterial super-

Key words: recurrent respiratory infection; allergy; Sinerga; immune system; mast cell; children

Recurrent respiratory infections (RRI) are an intriguing challenge for both otolaryngologists and 
paediatricians. Therefore, to prevent RRI is an ambitious target in clinical practice. In this regard, 
modulation of the immune system may have a critical role. Sinerga, a dietary supplement (containing: 
palmitoylethanolamide (PEA), Kluyveromyces marxianus B0399, bovine colostrum, and phenylalanine), 
was supplemented in 20 allergic children with RRI (20/30 days per 3 months) and treated with standard 
therapy (antihistamine plus intranasal corticosteroid). Other 20 allergic children with RRI were treated 
only with standard therapy. Sinerga significantly reduced the number of RI and the size of both inferior 
and middle turbinate consistently with the postulated mechanisms of action. In conclusion, the current 
study demonstrated that Sinerga supplementation in allergic children with RRI may significantly 
prevent RI and reduce events depending on allergic inflammation.
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morbidity in clinical practice (5). Thus, there is 
interest in preventive and alternative treatment by 
doctors. In this regard, immunomodulants are widely 
used in daily practice. 

Sinerga is a dietary supplement containing 
palmitoylethanolamide (PEA), Kluyveromyces 
marxianus B0399, bovine colostrum, and 
phenylalanine. PEA is an autacoid, namely an 
endocannabinoid, and has a clear analgesic and 
anti-inflammatory activity, and virtually no side 
effects. PEA is a self-body fatty compound and is 
produced by our own living cells to restore balance 
in chronic pain and chronic inflammation. Its anti-
inflammatory and painkilling properties have been 
known in science since the first description of this 
compound in 1957. In 1993, the Nobel Prize winner 
Levi-Montalcini pointed out the relevance of PEA 
in medicine as a potent inhibitor of activated mast 
cells, as recently reviewed. In particular, PEA has 
a peripheral anti-inflammatory activity mediated by 
a CB2-like receptor, present also on mast cells (6). 

infections may frequently appear. Consequently, 
there is an overuse/misuse of antibiotics which, in 
turn, induces antibiotic resistance (4). Moreover, 
biofilm causes frequent antibiotic unsuccess, and 
25-45% of children with severe RRI need surgical 
intervention. 

Moreover, allergic patients with IRR show a Type 
2 polarization, reduction of macrophage phagocytosis, 
reduction of neutrophil chemotaxis, and a partial 
IgA and/or IgG subclass deficiency. In this scenario, 
mast cells play a pivotal role, as they produce several 
mediators and cytokines that in turn maintain and 
amplify Type 2 polarization and consequently allergic 
inflammation, also minimal (2, 3). 

RI treatment is generally based on administration 
of symptomatic drugs (e.g. acetaminophen) 
and antibiotics, but frequently without precise 
indication and empirically prescribed. Consequently, 
prevention of RRI is at present a goal in common 
practice. Bacterial derivates, including probiotics, 
are also used with mild results in reducing respiratory 
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Fig. 1. Number of respiratory infections in the Sinerga group and the control group in the previous year, after the 3-month 
treatment (T1), and after the 3-month follow-up (T2).
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potentially including mast cell stabilization, 
consequent to infections and allergy. A recent 
retrospective study demonstrated that Sinerga 
supplementation significantly reduced the number of 
RI in children with an RRI history (10). However, 
these authors did not consider the role of allergy as 
adjunctive risk factor for RRI. Therefore, we aimed 
to confirm this outcome in a group of children with 
RRI and allergy.

MATERIALS AND METHODS

Forty children (18 males, 22 females, mean age 6.5 
years, ranging between 4 and 9 years) with RRI and 
allergy were enrolled in the current study. All patients 
were evaluated by an otolaryngologist, who performed a 
fibre-optic nasal endoscopy. The inclusion criteria were: i) 
age between 4 and 9 years; ii) both genders; iii) history of 
RRI in the past year; and iv) documented allergy to house 
dust mites. The exclusion criteria were: i) severe allergic 
symptoms (such as to interfere with the assessment of 

Kluyveromyces marxianus B0399 is a lactic yeast 
isolated from different dairy products, mainly kefir; 
a recent study showed that it decreased production 
of pro-inflammatory cytokines, increased the 
bifidobacterial concentration, the production of 
secretory immunoglobulin A, the short-chain 
fatty acid acetate and propionate (potent anti-
inflammatory agents), and decreased the potential 
cytotoxic activity in a colonization model (7). 
The bovine colostrum extract, used in Sinerga 
product, contains immunoglobulin G (G1 + G2 
subclasses) class antibodies, a2-glycoprotein, and 
AP glycoprotein: these proteins may significantly 
reinforce the immunological mechanisms of defence 
(8). Phenylalanine is an essential amino acid that is 
converted in L-DOPA, in turn converted to dopamine; 
normal concentrations of dopamine inhibit mast cell 
activation (9).

On the basis of this background, Sinerga could 
exert a relevant activity in preventing RRI acting 
on different steps of the inflammatory cascade, 
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Fig. 2. Grading of the oedema of inferior turbinate in the Sinerga group and the Control group, at baseline, after the 
3-month treatment (T1), and after the 3-month follow-up (T2).



604

The primary outcome was the number of RI during 
the study period and also compared with the previous 
year. RI was diagnosed on the basis of the symptoms 
reported by the parents, as previously defined (3). The RI 
diagnosis was made when at least 2 symptoms or fever 
(axillary temperature >38°C), in addition to one other 
symptom (see below), were present for at least 48 hours. 
The considered symptoms were mucopurulent rhinorrhoea, 
stuffy or dripping nose or both, sore-throat, cough (dry 
or productive), otalgia (earache), fever, dyspnoea, and 
mucopurulent secretion. 

Secondary outcomes were: i) the number of acute otitis 
media (AOM) episodes; ii) oedema of turbinate inferior 
and middle (0=absent; 1=mild; 2=moderate; 3=severe); 
iii) visual analogue scale for the parents’ perception of 
treatment effectiveness, sleep quality, and treatment 
tolerability, measured according to methods described in a 
previous study (11).

All children were visited at baseline, after the 3-month 
treatment (T1), and after a 3-month follow-up (T2). The 
study was conducted between October 2017 and May 2018.

treatments); ii) congenital or acquired immunodeficiency; 
iii) craniofacial abnormalities; iv) sleep apnoea syndrome; 
v) Down syndrome; vi) chronic disease (including 
metabolic disorders, cystic fibrosis, cancer, etc.); vii) 
clinically relevant passive smoking; and viii) previous 
(last 3 months) or current administration of drugs able 
to interfere with the study (e.g. immunomodulants, 
homeopathic therapy, or systemic corticosteroids for at 
least 2 consecutive weeks).

The study was conducted according the Helsinki 
Conference Document and the parents or legal tutor, after 
receiving information on the study, gave their written 
informed consent to participate. 

All children were treated with a standard treatment, 
including cetirizine drops (5 mg/die) and intranasal 
budesonide (50 mcg/nostril/die) for 3 months. The children 
were randomly (1:1) and consecutively subdivided in two 
groups at baseline. The first group was supplemented with 
Sinerga: one sachet/die for 20 consecutive days/month for 
3 months. The second group was treated with the standard 
therapy alone and considered as Control.

Sinerga                                                         Control

 Absent                    Mild       Moderate                 Severe

M
id

d
le

 t
u

rb
in

a
te

o
s
e

d
e

m
a

 (
N

o
. 

o
f 

p
a

ti
e

n
ts

)

M
id

d
le

 t
u

rb
in

a
te

o
s
e

d
e

m
a

 (
N

o
. 

o
f 

p
a

ti
e

n
ts

)

0.033

0.0470.02
0.23

A.                                                                   B.

Fig. 3. Grading of the oedema of middle turbinate in the Sinerga group and the Control group, at baseline, after the 
3-month treatment (T1), and after the 3-month follow-up (T2).
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constitute a burdensome task for many doctors in 
clinical practice. RI account for the first reason of 
antibiotic prescription. Moreover, RI in childhood 
cause frequent school absences and consequently 
parents’ work days loss. Therefore, contrasting RI 
represents a crucial and compelling challenge in 
medical practice.

The immune system fights RI, involving the 
innate and the adaptive response by both humoral 
and cellular signalling. The immune system responds 
to pathogens through very complex and complicated 
mechanisms (12). An effective response results 
from a balance between aggressive and reparative 
processes finely modulated by regulatory pathways. 

On the basis of this background, we tested the 
hypothesis that Sinerga, a mixture compound, could 
modulate immune response toward a more efficient 
contrast to pathogens in children with allergy. 
The current outcomes demonstrate that Sinerga 
supplementation was able to significantly reduce 
the number of RI episodes. In addition, Sinerga 
supplementation was able to reduce the turbinate 
size. Remarkably, the parents’ perception of the 
treatment effectiveness, the sleep quality, and the 
treatment tolerability was optimal in the Sinerga 
group.

These findings could be explained by the 
complex mechanism of action of Sinerga. In 
fact, the single components exert several positive 
effects that could be summarized in two principal 
mechanisms: modulation of the immune system 
(exerted by the colostrum extract and the probiotic) 
and mast cell protection (exerted by the PEA and the 
phenylalanine). The first mechanism may improve 
the physiological immune response to pathogens, 
the latter may reduce the phenomena related to the 
allergic inflammation. In particular, PEA exerts its 
activity likely as a gatekeeper of local homeostasis. 
In fact, PEA exerts anti-inflammatory activity in 
several experimental models of immune-mediate 
and neurogenic inflammation, characterized by 
mast cell involvement. Especially, PEA inhibits the 
plasmatic exudation induced by substance P and 
passive cutaneous anaphylaxis (23) and the paw 
oedema induced by carragenin, dextran, and formalin 
(13). Therefore, the mast cell stabilization induced 

Demographic and clinical characteristics are described 
using means with SDs for normally-distributed continuous 
data (i.e. age) or medians with lower and upper quartiles 
(LQ-UQ) for not normally-distributed. Any statistically 
significant difference in the mean values or in the median 
values of each continuous variable was evaluated with the 
Wilcoxon signed rank test or with Mann U Whitney test, 
respectively. Statistical significance was set at p <0.05, 
and the analyses were performed using GraphPad Prism 
software, GraphPad Software Inc, CA, USA.

RESULTS

Table I reports the demographic data and the 
outcomes in the two groups of allergic children 
with RRI. The groups were homogeneous for the 
considered parameters at baseline. Forty subjects 
completed the study; 4 children dropped out because 
of Sinerga unpleasantness.

Fig. 1 shows the number of RI in the two groups: 
both treatments significantly reduced the RI episodes 
both at T1 and at T2, but Sinerga supplementation 
was more effective than standard therapy both at T1 
and T2 (p=0.003 and <0.001 respectively).

The number of AOM was significantly reduced 
in both groups without significant difference (Table 
I). The perception of effectiveness significantly 
(p=0.024) improved at T2 only in the Sinerga 
group; the sleep quality significantly improved in 
both groups at T2 without intergroup difference; 
the tolerability was optimal in both groups without 
significant difference (Table I). 

The oedema of inferior turbinate significantly 
diminished in both groups (p<0.001 for both between 
T1 and T2), but there was difference at T1 and T2 
between groups (p=0.018 and 0.04 respectively) as 
shown in Fig. 2. In addition, the oedema of middle 
turbinate significantly diminished only in the 
Sinerga group (p=0.02 between baseline and T1 and 
0.047 between T1 and T2), and there was difference 
at T1 and T2 between groups (p=0.018 and 0.08, 
respectively) as shown in Fig. 3.

DISCUSSION

Respiratory infections, mainly if recurrent, 



606
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2.	 Ciprandi G, Tosca MA, Fasce L. Allergic children 

have more numerous and severe respiratory 
infections than non-allergic children. Ped Allergy 
Immunol 2006; 17:389-91. 

3.	 Ciprandi G, Buscaglia S, Pesce GP, et al. Minimal 
persistent inflammation is present at mucosal level 
in asymptomatic rhinitic patients with allergy due to 
mites. J Allergy Clin Immunol 1995; 96:971-79.

4.	 Li J, Song X, Yang T, Chen Y, Gong Y, Yin X, Lu 
Z. A systematic review of antibiotic prescription 
associated with upper respiratory tract infections in 
China. Medicine (Baltimore) 2016; 95(19):e3587.

5.	 Lanzilli G, Falchetti R, Cottarelli A, Macchi A, 
Ungheri D, Fuggetta MP. In vivo effect of an 
immunostimulating bacterial lysate on human B 
lymphocytes. Int J Immunopathol Pharmacol 2006; 
19(3):551-59.

6.	 Conti S, Costa B, Colleoni M, Parolaro D, Giagnoni 
G. Antiinflammatory action of endocannabinoid 
palmitoylethanolamide and the synthetic cannabinoid 
nabilone in a model of actute inflammation in the rat. 
Br J Pharmacol 2002; 135:181-87.

7.	 Maccaferri S, Klinder A, Brigidi P, Cavina P, 
Costabile A. Potential probiotic Klyveromyces 
marxianus B0399 modulates the immune response in 
Caco-2 cells and peripheral blood mononuclear cells 
and impacts in the human gut microbiota in an in 
vitro colonic model system. Appl Environ Microbiol 
2012; 78:956-64.

8.	 Jones AW, Thatcher R, March DS, Davison 
G. Influence of 4 weeks of bovine colostrum 
supplementation on neutrophil and mucosal 
immuneresponses to prolonged cycling. Scand J 
Med Sci Sports 2015; 25:788-96

9.	 Xue L, Li X, Ren HX, et al. The dopamine D3 
receptor regulates the effects of methamphetamine 
on LPS-induced cytokine production in murine mast 
cells. Immunobiology 2015; 220:744-52.

10.	 Nigro A, Nicastro A, Trodella R. Retrospective 
observational clinical study to evaluate the safety 
and efficacy of Sinerga, a nutritional product, in 
the prevention of recurrent respiratory infections 
in children. Int J Immunopathol Pharmacol 2014; 
27:455-60.

11.	 Barberi S, D’Auria E, Bernardo L, et al. Hypertonic 

by PEA might contribute to reduce the respiratory 
inflammation in RRI. These effects on mast cell 
might also contribute to restore a physiological 
switch from the Th2 polarization to the physiological 
Th1 prevalence.

Of course, the positive effects observed also in 
the control group depend on the activity exerted 
by antihistamine and intranasal corticosteroids that 
reduce allergic inflammation and relieve respiratory 
symptoms. However, Sinerga supplementation 
could prevent infections better than the standard 
pharmacological option as it notably reinforces 
immune response and stabilizes mast cells, a 
relevant source of allergic mediators. The current 
findings support this interpretation as the reduction 
of turbinate oedema is consistent with a reduction of 
allergic inflammation. In fact, it is well known that 
turbinate oedema is a surrogate marker for allergic 
inflammation, as previously demonstrated (14). 
Therefore, the putative Sinerga effect on mast cell 
could explain the observed reduction of turbinate 
oedema (15). On the other hand, the reduced number 
of RI can be dependent on the stimulation of the 
immune system by Sinerga.

However, the present study has some limitations, 
including the open design, the limited number of 
enrolled subjects, the lack of documented infection 
diagnosis, and the absence of mediator measurements. 
In fact, the current study cannot define the real 
mechanisms of action involved in the obtained 
outcomes. As Sinerga is a multi-compound product, 
there is not the possibility to identify the single 
activity of each component, therefore, the findings 
could not allow to draw definitive conclusions. Thus, 
further studies should be designed to answer these 
unmet needs.

In conclusion, the current study demonstrated 
that Sinerga supplementation in allergic children 
with RRI might significantly prevent RI and reduce 
allergic inflammation.
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To the Editor,
Inflammatory disorders may be classified 

according to the duration, namely acute and 

chronic diseases. In clinical otorhinolaryngological 
practice, inflammatory disorders represent the most 
frequent cause of visit. From a clinical point of 

Inflammation is a common pathogenic mechanism involved in many otorhinolaryngological (ORL) 
disorders. Broser® is an oral nutraceutical currently containing bromelain 100 mg, escin 30 mg, and 
selenium 42.5 mcg. It could exert a safe and effective anti-inflammatory activity by virtue of these 
components. Therefore, the aim of the current survey, conducted in clinical practice of 84 Italian ORL 
centers, was to evaluate its safety and efficacy in the treatment of patients with: i) high-tract acute illness; 
ii) low-tract acute illness; iii) high-tract chronic illness; iv) low-tract chronic illness; or v) post-surgery 
condition. The 3,203 (1,604 females and 1,599 males, mean age 44.9±8.9 years) patients were evaluated 
at baseline (T0) and after a 2-week treatment (T1) with Broser® monotherapy (2 tablets/daily). Signs and 
symptom severity were measured by visual analogue scale. Broser® significantly and safely diminished 
the clinical features in ORL disorders all sub-groups (p<0.001 for all). In conclusion, Broser® is an oral 
nutraceutical able to exert a safe and effective anti-inflammatory activity in patients with inflammation.
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in clinical practice (1, 2). Similarly, pharyngitis, 
laryngitis, and tracheitis are very common and are 
usually managed as reported in detail elsewhere (3, 
4). On the other hand, surgery represents a usual 
therapeutic approach in the treatment of many ORL 
diseases (5), but pain and inflammation constitute an 
unavoidable consequence of operation. Therefore, 
inflammatory ORL disorders are usually treated using 
antibiotics if infection occurs, but anti-inflammatory 
medications are the mainstay in clinical practice. 
However, anti-inflammatory drugs may also have 
serious adverse events, therefore many doctors and 
patients prefer complementary medicine as they 
retain it more trustworthy (6). In this regard, Broser®, 
an oral nutraceutical, has been recently marketed. 
One Broser® tablet currently contains: bromelain 
100 mg, escin 30 mg, and selenium 42.5 mcg.

view, the inflammatory otorhinolaryngology (ORL) 
diseases may be subdivided into 4 categories: i) 
high-tract acute illness, including common cold, 
acute rhinosinusitis, acute rhinopharyngitis, acute 
pharyngitis, acute otitis, and bacterial tonsillitis; ii) 
low-tract acute illness, including acute laryngitis 
and acute laryngotracheitis; iii) high-tract chronic 
illness, including chronic rhinosinusitis, chronic 
rhinopharyngitis, chronic pharyngitis, and chronic 
tonsillitis; and iv) low-tract chronic illness, 
i.e. chronic laryngitis. Another common ORL 
inflammatory illness is the post-surgery condition.

The common cold is the most frequent respiratory 
disease and involves the entire upper respiratory tract, 
and it is usually self-limiting. Two main guidelines 
for rhinosinusitis management have been published 
recently, both consider the best pragmatic approach 
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Fig. 1. A) Visual Analogue Scale scores in Group 1 (high-tract acute ORL inflammation), at baseline (T0) and after 
treatment (T1).  B) Visual Analogue Scale scores in Group 2 (low-tract acute ORL inflammation), at baseline (T0) and 
after treatment (T1).
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for complete disappearance of pain and post-surgery 
inflammation. 

Escin is the major active principle from Aesculus 
hippocastanum (Hippocastanaceae), such as the 
horse chestnut tree (9). Escin is a natural mixture 
of triterpene saponins and has been shown to be 
effective in preventing the formation of oedema in 
models of inflammation that reproduce the initial 
exudative phase. The mechanism of the anti-
oedematous effect, in addition to the earlier described 
sensitization to Ca ions, resulting in a ‘sealing effect’ 
on small vessels permeable to water, has also been 
related to a reduced hypoxia-induced activation of 
human endothelial cells. Escin can well antagonize 
the reduction in ATP content and increased 
phospholipase A2 responsible for the release of 
precursors of inflammatory mediators. There is, 
furthermore, a reduced neutrophil adherence/
activation, all resulting in the protection of veins 
and reduced oedema. Escin exerts also antiviral and 

Bromelain is a complex mixture of protease 
extracted from the fruit or stem of the pineapple 
plant (7). Bromelain gained universal acceptability 
as a phytotherapeutic agent due to its history of safe 
use and lack of side effects. The beneficial effects 
are due to multiple factors. Bromelain increases 
bioavailability and reduces the side effects that are 
associated with various antibiotics. Furthermore, 
bromelain acts as an immunomodulator, and 
has anti-oedematous, anti-thrombotic, and anti-
inflammatory activity. Bromelain has the in vitro 
ability to modulate surface adhesion molecules on 
T cells, macrophages, and natural killer cells and 
also may induce the secretion of IL-1β, IL-6, and 
tumour necrosis factor α (TNFα) by peripheral blood 
mononuclear cells (8). Bromelain influences blood 
coagulation by increasing the serum fibrinolytic 
ability and by inhibiting the synthesis of fibrin, a 
protein involved in blood clotting (8). In addition, 
bromelain can reduce the average number of days 

A B

Fig. 2. A) Visual Analogue Scale scores in Group 3 (high-tract chronic ORL inflammation), at baseline (T0) and after 
treatment (T1). B) Visual Analogue Scale scores in Group 4 (low-tract chronic ORL inflammation), at baseline (T0) and 
after treatment (T1).
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inflammatory upper-airway disorders in clinical 
practice. Therefore, the aim of the current survey 
was to evaluate the efficacy and safety of Broser® 
as monotherapy in outpatients with acute, chronic or 
post-surgery ORL diseases.

MATERIALS AND METHODS

The current survey was conducted in 84 Italian ORL 
centers, distributed in the whole of Italy, so assuring a 
wide and complete national coverage, during fall-winter 
2017-2018. Otorhinolaryngologists endorsed to the Italian 
Study Group of inflammatory otorhinolaryngological 
disorders were asked to recruit all consecutive patients 
visited because of inflammatory illness, including post-
surgery.

Patients were consecutively recruited during the 
specialist visit. The inclusion criteria were: a diagnosis of 
inflammatory ORL disorder, both genders, and adulthood. 
Exclusion criteria were comorbidities able to interfere the 
evaluation of the outcomes. As this survey was based on 
a real-world practice, the doctors had the complete liberty 
of choosing the preferred medications on the basis of the 
best practice. The patients treated with Broser®, prescribed 
as monotherapy, were included in the present analysis.

antiallergic activity (10).
Selenium is an essential trace element that 

exerts many functions, including anti-inflammatory 
activity (11). Epidemiological data suggest a positive 
association between selenium deficiency and chronic 
inflammation. Selenium supplementation of patients 
with chronic disorders has improved their health 
status and quality of life. In septic shock patients 
characterized by acute inflammation accompanied 
by severe pathology, selenium supplementation at 
high concentrations lessened mortality and improved 
health status (11). Adequate concentrations of 
selenium are essential for initiating immunity in 
addition to regulating excessive immune responses 
and chronic inflammation. Selenium-dependent 
effects are mediated via the downregulation of 
the redox-sensitive transcription factor NF-kB in 
addition to the epigenetic control of gene expression 
regulation (12). The selenium-metabolites modulate 
cell signalling, DNA methylation (directly or through 
one-carbon metabolism), histone acetylation, and 
finally, gene expression (12). 

On the basis of this background, an Italian 
survey explored the pragmatic approach of a group 
of otorhinolaryngologists in the management of 

3

Fig. 3. Visual Analogue Scale scores in Group 5 (post-surgery ORL inflammation), at baseline (T0) and after treatment (T1).
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consisted of 953 patients. Fig. 1A shows the scores 
before (T0) and after (T1) the Broser® monotherapy 
treatment course: all of them significantly diminished 
(p<0.001 for all).

Group 2, low-tract acute ORL inflammation, 
consisted of 570 patients. Fig. 1B shows the scores 
before (T0) and after (T1) the Broser® monotherapy 
treatment course: all of them significantly diminished 
(p<0.001 for all).

Group 3, high-tract chronic ORL inflammation, 
consisted of 828 patients. Fig. 2A shows the scores 
before (T0) and after (T1) the Broser® monotherapy 
treatment course: all of them significantly diminished 
(p<0.001 for all).

Group 4, low-tract chronic ORL inflammation, 
consisted of 303 patients. Fig. 2B shows the scores 
before (T0) and after (T1) the Broser® monotherapy 
treatment course: all of them significantly diminished 
(p<0.001 for all).

Group 5, post ORL surgery, consisted of 549 
patients. Fig. 3 shows the scores before (T0) and after 
(T1) the Broser® monotherapy treatment course: all 
of them significantly diminished (p<0.001 for all).

The treatment was well tolerated by all patients 
and no relevant adverse event was reported. The 
most common not-relevant adverse events were 
headache (11%), sore throat (9%), itching (6%), and 
stomach upset (5%).

DISCUSSION

Inflammation, which is a pattern of response 
to injury, involves the accumulation of cells and 
exudates in involved tissues, that allows protection 
from further damage. Inflammation has been studied 
for thousands of years with the aim of contrasting its 
effects on the body. In 30 AD, Celsius described the 4 
classic signs of inflammation (rubor, calor, dolor, and 
tumor) and used extracts of willow leaves to relieve 
them. For many years, salicylate-containing plants 
were applied therapeutically and led to the production 
of a major anti-inflammatory drug (acetylsalicylate). 
Acetylsalicylate, an agent with anti-inflammatory 
activity, is derived from natural sources, and is used 
extensively in current clinical practice. It represents 
the paradigmatic example of the use of plant-derived 

The patients were subdivided into 5 sub-groups, 
suffering from: i) high-tract acute illness, including 
common cold, acute rhinosinusitis, acute rhinopharyngitis, 
acute pharyngitis, acute otitis, and bacterial tonsillitis; ii) 
low-tract acute illness, including acute laryngitis and acute 
laryngotracheitis; iii) high-tract chronic illness, including 
chronic rhinosinusitis, chronic rhinopharyngitis, chronic 
pharyngitis, and chronic tonsillitis; iv) low-tract chronic 
illness, i.e. chronic laryngitis; and v) post-surgery.

All patients signed an informed consent to participate 
in the study. The treatment course lasted 2 weeks. The oral 
nutraceutical was taken following specific indications, 
such as two tablets/daily. Patients were visited at baseline 
(T0) and after the treatment (T1).

Clinical examination and fiber-endoscopy were 
evaluated in all patients at T0 and T1. The following 
parameters were investigated: nasal obstruction, mucosal 
edema, hyperemia, earache, swelling, sore throat, 
dysphagia, dysphonia, and cough. Signs and symptoms 
were assessed by a visual analogue scale (VAS). VAS is 
a psychometric test widely used to measure the patient’s 
perception of symptom severity, emotions, pain, etc. 
Currently, VAS is a reliable and valid tool to assess 
the perception of symptoms and signs (13). The VAS 
consisted of one rule asking for signs and symptoms 
severity perception. In this study, the VAS was a 10-cm 
horizontal line on which 0 implied the absence of sing 
or symptom, while 10 corresponded to maximal severity. 
With a movable marker, the patient or the doctor could 
mark any point on the 10-cm segment which best described 
his/her perception. No interval marker was visible on the 
line. VAS is considered a routine and validated parameter 
to assess disease severity in clinical practice (13). Safety 
was measured by reporting the occurrence of adverse 
events.

The paired t-test was used. Statistical significance was 
set at p <0.05. Data are expressed as medians and 1th and 
3rd quartiles. The analysis was performed using STATA, 
College Station, Texas, USA. 

RESULTS

A total of 3,203 (1,604 females and 1,599 males, 
mean age 44.9±8.9 years) patients were visited and 
completed the treatment course. 

Group 1, high-tract acute ORL inflammation, 
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inhibiting the release of leukocyte lysosomal 
enzymes (16). A very recent study compared placebo 
with ibuprofen or a phytotherapeutic drug, containing 
baicalin, bromelain, and escin (17). This food 
supplement significantly decreased the severity of 
postoperative pain more than ibuprofen and placebo. 
Consistently, a recent meta-analysis reported that 
bromelain proved to be effective in controlling 
postoperative pain at 48–72 hours after surgery (8). 
A previous systematic review evidenced that herbal 
medicines could be beneficial in the treatment of 
rhinosinusitis (18). Another systematic review of 
randomized trials using herbal medicine in chronic 
rhinosinusitis reported that this remedy is popular 
and commonly used (19). The outcomes showed that 
special medicinal plants may be effective and safe. 
Moreover, it has been demonstrated that selenium-
enriched hot spring water reduced inflammatory 
activity and mucus hypersecretion in LPS-induced 
experimental rhinosinusitis (20).

The present survey therefore confirms that an 
oral nutraceutical, such as Broser®, was able to 
significantly reduce clinical features in many ORL 
disorders characterized by an inflammatory reaction. 
However, the current study has some limitations, 
mainly concerning the open design and the lack of 
objective functional data. On the other hand, the 
strength of this survey is the high number of enrolled 
patients and the real-world setting, therefore the 
findings may mirror what occurs in daily practice.

In conclusion, the present survey evidenced that 
Broser® may induce a safe control of respiratory 
complaints in inflammatory ORL disorders.
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To the Editor,
Allergic rhinoconjunctivitis (AR) is characterized 

by ocular and nasal symptoms, such as itching, 
congestion, sneezing (1). 

Treatment is usually pharmacological, including 
antihistamines and corticosteroids, even though 
drugs exert only a symptomatic effect as they do 
not cure allergy (2). Aggressive therapy and use of 
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Allergic rhinoconjunctivitis (AR) treatment is usually pharmacological in children, but medications are 
merely symptomatic, may not be completely effective, and may have relevant side effects. Thus, doctors and 
parents look at complementary medicine, including nutraceuticals. Lertal®, an oral nutraceutical, contains 
extract of Perilla, quercetin, and Vitamin D3 It has been reported that adults with AR diminished allergic 
symptoms and medication use during Lertal® therapy. Therefore, the current polycentric, randomized, 
double blind, parallel-group, placebo-controlled study aimed to evaluate the efficacy and safety of Lertal® 
as an add-on treatment in children with AR. In this study, 146 children (94 males and 52 females, mean 
age 9.1±1.88) were randomly assigned to Lertal® + standard treatment or Placebo + standard treatment 
and were visited at baseline (W0), and after 2 (W2) and 4 weeks (W4). Standard treatment consisted of 
continuous antihistaminic schedule. The primary endpoint was the Total Symptom Score (TSS - last 12 
hours) change from the baseline to the end of the 4-week treatment. Both groups significantly (p<0.0001 
for both) reduced TSS (last 12 hours) after 4 weeks (% change: - 63.6% in Lertal®-group and – 60.7% 
in Placebo-group; p= n.s. intergroup analysis). Notably, 24 children had symptom worsening between 
W2 and W4: 8 in the Lertal®-group and 16 in the Placebo-group, with significant intergroup difference 
(p<0.05).  All of them were poly-allergic subjects exposed to multiple allergens. There was no relevant 
adverse event. The present study documented that Lertal®, as add-on treatment, was able to significantly 
prevent the occurrence of clinical worsening and was safe in AR poly-allergic children.

A POLYCENTRIC, RANDOMIZED, DOUBLE BLIND, PARALLEL-GROUP, PLACEBO-
CONTROLLED STUDY ON LERTAL®, A MULTICOMPONENT NUTRACEUTICAL, AS 
ADD-ON TREATMENT IN CHILDREN WITH ALLERGIC RHINOCONJUNCTIVITIS: 

PHASE I DURING ACTIVE TREATMENT
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randomized, study was designed in two phases: the 
first as double blind, placebo-controlled trial during 
standard active AR treatment and the second as open 
follow-up after it. The first phase aimed to evaluate 
the efficacy and safety of Lertal® as an add-on 
treatment in children with AR.

MATERIALS AND METHODS

The first phase of the present study was a 4-week, 
randomized, polycentric, double-blinded, parallel-
group, placebo-controlled trial. One hundred and sixty 
patients suffering from AR were planned for enrolment 
in 17 Italian Paediatric Allergy clinics. AR diagnosis was 
performed, according to validated criteria (1), such as 
nasal symptom history being consistent with documented 
sensitization.

Inclusion criteria were: age range 6-12 years, AR 
diagnosis, sensitization to house dust mites or pollens, 
Total Symptoms Score (TSS) ≥ 15 and at least 1 for 
nasal congestion, written informed consent of patients 
and of parents or legal guardians. Exclusion criteria 
were: uncontrolled asthma, secondary rhinitis to other 
causes, concomitant acute or chronic rhinosinusitis, nasal 
polyps, current use of topical or systemic corticosteroids, 
antihistamines, antileukotrienes, inadequate washout of 
them, nasal anatomic defect, respiratory infections in the 
previous 2 weeks, participation in other clinical studies in 
the previous month, documented hypersensitivity to the 
study product or its excipients, and trips planned outside 
of the study area.

After a 2-week run-in period, eligible patients were 
randomly (1:1 ratio) treated with Lertal® double-layer 
tablets (1 tab/day for 4 weeks) plus standard therapy, 
or Lertal® placebo tablets (1 tab/day for 4 weeks) plus 
standard therapy. As Lertal® was considered as add-
on treatment, the standard therapy was continuous 
antihistaminic treatment. Systemic or intranasal 
corticosteroids, leukotriene antagonists, and sodium 
cromoglicate were prohibited during the study. Four visits 
were performed: Visit 1 at run-in, Visit 2 at baseline (W0), 
Visit 3 after 2 weeks (W2), and Visit 4 after 4 weeks, i.e. 
end of treatment (W4).

Patient-reported outcomes and diary-recorded data, 
including the use of rescue medication/concomitant 
medication and the occurrence of adverse events, were 

drugs with significant side effects should however 
be limited or avoided altogether in children. For this 
reason, it is growing interest in using complementary 
medicine. Nutraceuticals with proven efficacy 
may be associated with conventional therapy to 
speed up recovery, make it long lasting, and avoid 
aggressive therapeutic regimens, including systemic 
corticosteroids, or at least limit their duration (3).

Lertal® is a novel oral food supplement. Each 
tablet contains the following active ingredients in a 
double-layer “fast-slow” release: Quercetin 150 mg, 
Perilla frutescens 80 mg (as dry extract of the seeds 
containing rosmarinic acid, luteolin, apigenin and 
chrysoeriol), and Vitamin D3 5 mcg (200 IU).

The dry seed extract of Perilla frutescens 
contains rosmarinic acid and other flavonoids 
and has shown anti-allergic activity in vivo and 
in vitro, mainly concerning 5-lipoxygenase and 
12-lipoxygenase (4-6). Quercetin is a bioflavonoid 
found in red wine, grapefruit, onions, apples, and 
black tea (7). Quercetin has a strong affinity for mast 
cells and basophils and tends to stabilize their cell 
membranes and block degranulation, inhibiting the 
release of pro-inflammatory mediators and cytokines 
implicated in allergic inflammation (8, 9). Vitamin 
D3 is important for its contribution to the normal 
function of the immune system by preventing and 
potentially treating AR, as it restores physiological T 
regulatory activity and exerts also anti-inflammatory 
activity (10-15). Lertal® is formulated in bilayer 
tablets composed of a fast-release layer that allows 
the rapid antihistamine activity of Perilla, and a 
sustained-release layer that enhances Quercetin and 
Vitamin D3 bioavailability and anti-allergy activity 
spread over time, as recently reported (16). 

Moreover, it is well known that a possible 
symptom worsening may occur both during the active 
antihistaminic treatment or after its suspension, 
as expression of insensitivity or excessive 
allergen exposure. Consequently, we tested two 
hypotheses: i) to investigate the Lertal® capability 
to amplify the response to standard antihistaminic 
AR medications and/or reduce the insensitivity 
during the active treatment, and ii) to demonstrate 
the Lertal® potentiality to prevent possible relapse 
after treatment. Therefore, the current polycentric, 
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symptoms (TTSS): itching, coughing. With the help 
of their parents, patients scored symptoms severity on 
a 4-point scale: 0 = absent or irrelevant, 1 = mild, 2 = 
moderate, 3 = severe.

At Visit 3 and Visit 4 the patient was asked to indicate 
overall system distress on a 100 mm Visual Analogue 
Scale (VAS) where 0 is equal to no discomfort and 100 
the worst possible discomfort. 

The Pediatric Rhinoconjunctivitis Quality of Life 
Questionnaire (PRQLQ) consists of 23 questions in 5 
domains (nasal symptoms, ocular symptoms, practical 
issues, limitation of activities, other symptoms), that are 
answered on a 7-point scale (0-6), where 0 represents the 
absence of problems and 6 the greatest symptom distress. 
Children completed the questionnaire together with a 
parent at baseline and at Visit 4.

Safety was assessed on the incidence of adverse events 
for each treatment and on physical examinations.

The sample size was a priori calculated, using nQuery 
4.0 and adjusted for an expected dropout rate of 12% using 
Freedman’s formula. The study protocol was approved 

collected at Visits 2, 3 and 4. Clinical data were reported 
in an electronic Case Report Form (eCRF). 

The primary endpoint of this study was the TSS 
change from the baseline to the end of the treatment (4 
weeks).  The secondary objectives were: overall symptom 
control assessed by means of a VAS after 2 and 4 weeks 
of treatment, change from baseline of the Total Symptom 
Score (TSS) after 2 weeks of treatment, number of 
responders (at least 30% reduction of TSS) after 2 and 4 
weeks of treatment, time to maximum effect on TSS vs 
placebo, change of TSS from 2 and 4 weeks (worsening 
was defined as at least 30% increase of TSS), use of rescue 
treatment, change from baseline of Total Nasal Symptom 
Score (TNSS), Total Ocular Symptom Score (TOSS), 
and Total Throat Symptom Score (TTSS) after 2 and 4 
weeks of treatment, issues interfering with quality of life 
at baseline and after 4 weeks, duration of symptom-free 
or mild symptoms. 

Nasal symptoms (TNSS) included itching, sneezing, 
rhinorrhea, nasal congestion; ocular symptoms (TOSS): 
itching, hyperemia of conjunctiva, tearing; throat 

Children screened 
(n=149) 

Excluded (n=3) 
˗ Screened failure (n=1) 
˗ Treated but not randomized (n=2) 

Children underwent randomization (n=146) 

Assigned to Lertal + Standard therapy (n=72) Assigned to Placebo + Standard therapy (n=74) 

Included in safety population 
(n=70) 

 
Included in safety population 

(n=72) 
  

Excluded (n=2) 
˗ Not take at least one dose of study 

product (n=2) 

Excluded (n=2) 
˗ Not take at least one dose of study 

product (n=2) 

Included in mITT population 
(n=64) 

 
Included in mITT population 

(n=65) 
  

Excluded (n=7) 
˗ Clinical evaluation (n=7) 

Excluded (n=6) 
˗ Clinical evaluation (n=6) 

Fig. 1. Patients’ disposition during the study.
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randomized. The patients’ disposition is reported 
in Fig. 1. Four patients were excluded from safety 
analysis (4 did not take at least one dose of the 
study product) and other 13 patients were excluded 
from efficacy analysis after clinical evaluation. 
The efficacy analysis therefore included a total of 
129 patients, of whom 64 were assigned to Lertal® 
+ standard therapy, and 65 to placebo + standard 
therapy. The two groups were homogeneous as 
far as age, gender, BMI, type of allergy, time from 

by the Ethics Committees of each center. The study was 
registered at ClinicalTrials.gov ID NCT03365648.

The between-group analysis was performed by means 
of a t-test for independent samples or analogous non-
parametric test or a Chi-squared test in contingency tables.

RESULTS

Globally, 146 children (94 males and 52 
females, aged 6-12 years, mean age 9.1±1.88) were 
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both the obviously antihistaminic activity and the 
characteristics of the nutraceutical. Notably, Lertal®  
significantly reduced the possible occurrence of 
intercurrent relapse during the standard treatment in 
children with AR. Indeed, the most important finding 
of the present study was the capability of Lertal® to 
prevent symptom worsening during conventional 
antihistaminic treatment, mainly concerning the 
second period of the treatment. In the current 
trial, 28 patients (8 in the Lertal® group and 16 in 
the Placebo group) had a clinical relapse between 
the third and the fourth week, despite an initial 
improvement. Therefore, the possible explanation 
of this behaviour was deeply investigated. The 
common characteristic of these children was poly-
allergy. Very recently, Togias reported that children 
suffering from perennial allergic rhinitis with 
seasonal exacerbations, such as poly-allergy, present 
the most severe AR phenotype (18). Consequently, 
the children enrolled in the present study, worsened, 
despite ongoing treatment, as they were exposed 
to multiple allergens, thus developing more severe 
allergic reaction. Nevertheless, add-on Lertal® 

preserved clinical relapse in a larger number of 
poly-allergic children than standard therapy. This 
finding is particularly interesting if contextualized 
as part of a continuous effective antihistaminic 
treatment and this preventive activity may allow to 
avoid the recourse to corticosteroids. The plausible 
reason of this phenomenon could be explained by 
the multifaceted mechanisms of action exerted by 
Lertal®. In particular, Lertal® effects seem to be 
grounded in the complex anti-inflammatory and anti-
allergic activity exerted on the immune response by 
the three compounds. 

In conclusion, the present study documented 
that add-on Lertal® treatment was able to partially 
improve standard AR treatment in children, 
significantly prevent the occurrence of clinical 
worsening in a subgroup of poly-allergic children, 
and was safe.
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To the Editor,
Traumas of the stomatognatic system have 

considerable social importance: traumatic events in 
the oral region occur frequently and represent 5%  of 
all injuries for which people require treatment (1). 
According to Andreasen, dental traumas are very 
common during childhood and adolescence, and 
current statistics show that one-third of all preschool 
children and one-quarter of school children have 
suffered a trauma, respectively, to the primary 
and permanent dentition (1). The most frequent 
causes are accidental falls and sports activities. In 
these traumas, maxillary central incisors are the 
most involved teeth, followed by lateral maxillary 
incisors. The most serious injury is universally 
identified in avulsion. Avulsion consists in the 
complete displacement of the involved tooth out 

of the socket, with or without alveolar tissue loss, 
and represents 0.5-3% of all dental injuries and 
involves especially anterior teeth in subjects aged 
9-11 years. The treatment consists in replanting the 
avulsed tooth in as little time as possible with an 
immediate replantation, which is the Gold Standard 
for this type of injury (2). Sometimes this treatment 
cannot be performed before 60 minutes, which is the 
case of delayed replantation (1-2), a treatment that 
needs a rigid follow-up and a multidisciplinary team 
who have to work in synergy. The inflammatory 
root resorption (IRR)  is one of the most frequent 
complications that occurs after delayed replantation 
and can lead to tooth loss.

The aim of this work is a literature review 
focusing on incidence, diagnosis and treatment of 
IRR after delayed dental replantation.

Avulsion of one or more permanent teeth represents an emergency in dentistry. The main treatment is 
the replantation of the tooth/teeth as soon as possible to decrease possible complications. However, this is not 
always possible, and, in many cases, the patient undergoes a delayed replantation and subsequently prosthetic 
and implant treatments. This becomes problematic when the traumatized patient is a child; in this case, the 
goal is to maintain the space for the subsequent implant positioning and to give an adequate aesthetic result 
until the bone growth has ceased. A review on the incidence of the inflammatory root resorption onset after 
delayed replantation was carried out to check the frequency and severity of these complications.

Key words: dental trauma; avulsion; ankylosis; guided bone regeneration; delayed replantation; inflammatory 
root resorption
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A late diagnosis can lead to an early extraction 
of the replanted tooth. The follow-up periods listed 
in Table II goes from a minimum of 2 years (9) to 
a maximum of 12 years (5). The IRR can be solved 
with endodontic treatment, using different materials, 
such as Ca(OH)2 (6, 7, 9), MTA (10); if the root is 
compromised, extraction is the only option (4, 7, 11, 
12). One study reported that in 14 years of follow-up, 
only 10% of teeth replanted within 30 minutes after 
avulsion did not present root resorption, as compared 
to 95% of teeth that were beyond the 2 hours outside 
alveolus which had no survival chance. 

 The only way to prevent the onset of the 
inflammatory root resorption is the preservation of 
an intact and vital periodontal ligament. If the root 
surface of an avulsed tooth remains dry, 50% of the 
periodontal ligament cells die in 30 minutes, and 
almost no cell is vital up to 60 minutes. Endodontic 
treatment could be performed with gutta-percha, 
to prevent the inflammatory resorption as much as 
possible. Splinting of avulsed teeth should be semi-
rigid to allow movement of the replanted tooth 

MATERIALS AND METHODS

A mini-review of the literature was carried out on 
IRR after delayed replantation. Studies concerning only 
delayed replantation which developed an IRR were 
included. Ten works were selected from 1995 to 2016. Data 
are shown in Tables I and II. The incidence of IRR varies 
between 6.8-62.5%. The interval time from the avulsion 
to the replantation goes from 1 hour (minimum time to 
decide on delayed replantation, https://dentaltraumaguide.
org) to 24 hours. Time elapsed from the replantation 
to the diagnosis of IRR goes from 1 month to 6 years; 
patients were followed up for 1-12 years with an average 
of 6 years. Regarding the treatment performed after the 
diagnosis of IRR, Table II lists the most utilized type of 
treatment and materials

DISCUSSION

Delayed replantation means the replantation of a 
tooth when it has been found for more than 60 minutes 
outside the alveolus and stored dry, or when the tooth 
is stored in a non-physiological storage media (1). The 
long-term prognosis is scarce. After the replantation, 
pulp necrosis and root resorption can occur. Root 
resorption can be divided into internal and external 
(3); external root resorption can be also divided in 
surface resorption, a type of periodontal healing; 
replacement resorption (or ankylosis), which is a 
fusion of bone and dental tissues and IRR which is 
caused by infections and pulp necrosis and can lead to 
a complete erosion of the root (3).

In the literature, quantifying the incidence of IRR 
in delayed replantation appears to be difficult because 
in many studies there is no clear differentiation 
of complications between delayed and immediate 
replantation. However, it can be said that this 
complication has an incidence ranging between 6.8% 
and 62.5% in all avulsed and replanted teeth (4-8)

At the beginning this lesion is asymptomatic, but 
later it can manifest with signs of inflammations, pain 
when chewing, increase of tooth mobility (grades I, 
II and III) and subsequently dental migration, and 
change in colour of the crown of the involved tooth 
(3). The IRR can be seen as a radio transparent lesion 
which erodes the root of the tooth (3) (Fig. 1). 
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Fig. 1. Six months after the trauma: the X-ray examination of the tooth 2.1 revealed the 
presence of a root surface resorption with a moderate bone defect area. 

 

 

 

 

 

 

 

 

Fig. 1. Six months after the trauma: the X-ray examination 
of the tooth 2.1 revealed the presence of a root surface 
resorption with a moderate bone defect area.
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Table I. Data on incidence of inflammatory root resorption.

Table II. Data on time between avulsion and replantation, diagnosis of IRR, follow-up and treatment.

Author and Year Sample (teeth) Incidence (%)

Hecova et al. 2010 58 26.5

Lin et al. 2016 74 6.8

Majorana et al. 2003 73 16.4

Petrovic et al. 2010 32 62.5

Schatz et al. 1995 33 54.5

Author and Y ear Time from trauma 
to replantation

Time to Diagnosis 
of the inflammatory 

root resorption
Follow-up

Treatment for the 
inflammatory root 

resorption

Calliskan et al. 2000 3h 1 m 2y
Endodontic 

treatment with 
Ca(OH)2

Aggarwal et al. 2010 2h 3m 4y Endodontic 
treatment with MTA

Dhillon et al. 2011 1.30h 6y

No follow-up (the 
patient returned to 
the dentist 6 years 
after replantation) 

Extraction

Ines et al. 2016 3-24h 1y NS Extraction

Hecova et al. 2010 60-120m NS 5y Extraction

Lin et al. 2016 / 6m 1-12y NS

Majorana et al. 2003 > 2h NS 5y

IRR stopped in 6 
teeth (endodontic 

treatment with 
Ca(OH)2; no data 
about the others 6 

teeth

Petrovic et al. 2010 2h 1m-2y 1-6y

Endodontic 
treatment with 

Ca(OH)2; 55% of the 
teeth were extracted 

after endodontic 
treatment

Schatz et al. 1995 1-3h NS 5y (2-9y) Endodontic 
Treatment

h: hours; m: months; y: years, NS: Not Specified
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as the dental ankyloses and the next infraocclusion is 
diagnosed; this technique would avoid or limit future 
bone regeneration intervention with membranes (13).

 Original tooth replantation can enable natural 
dental arch space preservation and, by maintaining 
the natural tooth, it is not necessary to make any 
temporary prosthetic replacement, with decrease of 
biological and economic costs, and obtaining a good 
patient compliance.

When the trauma affects a young patient, at the 
time of the loss of the dental crown, it is always 
recommended to perform a two-stage intervention: 
guided bone regeneration with placement of a 
titanium-reinforced Gore-Tex membrane, retained 
in-situ for 6 months, and only subsequently dental 
implant placement (Fig. 2). 

After approximately three months, to complete the 
prosthetic rehabilitation, a direct impression should be 
taken (15) and a full fixed crown made.

The literature shows that, in case of dental avulsion, 
the delayed replantation technique is frequently used, 
and therefore IRR often occurs. If not diagnosed early 
with a strict follow-up, IRR can cause the loss of the 
injured tooth/teeth with relevant consequences for the 
patient’s health. 

The damage caused by IRR can be prevented/
mitigated with adequate follow-up as well as 
endodontic treatment. Rehabilitation of teeth which 
have suffered an avulsion and subsequently a delayed 
replantation requires bone regeneration and the use of 
osseointegrated implants consistent with the age of 
the injury and its degree of osteo-skeletal maturation.
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comparable to the physiological movement of the 
healthy teeth, and should not be extended beyond 
14/21 days (1). 

The immature dental element must not be 
endodontically treated like a tooth with complete 
root development. Instead of utilizing gutta-percha 
as canal filling material, it would be advisable to 
utilize calcium hydroxide, which would slow the 
root resorption process and ankylosis onset. In 
fact, calcium hydroxide has antibacterial activity, 
dentinogenic action, and is resorbable, preventing 
any foreign body reaction, in contrast to gutta-percha, 
which is not absorbable, and may facilitate the onset 
of root resorption (13). 

Sometimes patients could take advantage of the 
technique of decrowning (13, 14), which, during the 
peak of bone growth, should be performed as soon 
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Fig. 2. Nine months after the GBR: X-ray examination after removal of the membrane 
and the simultaneous placement of a dental implant. 

 

 

 

Fig. 2. Nine months after the GBR: X-ray examination 
after removal of the membrane and the simultaneous 
placement of a dental implant.
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To the Editor,
Teeth avulsion accounts for up to 16% of all 

traumatic injuries in the permanent dentition and is 
considered to be the most serious (1). It causes severe 
damage to supporting tissues and neurovascular 
structures, which negatively affects the outcome 
of replantation (2-4). In fact, if it is not possible to 
perform the re-implantation or the replanting fails, 
implant replacement may be a good alternative. 
An accurate pre-surgical evaluation, including the 
growth expectation assessment, make it possible 
to place the mini implants without interfering with 
subsequent sagittal and transversal growth of the 
maxillary bones (5).  Even the immediate aesthetic 
and functional success is achievable by easy indirect 
impression techniques (6) and provisional restoration 
crown in acrylic resin.

In case of avulsion of permanent teeth, however, 

replanting is the elective therapy. Therapy aims 
to avoid or minimize the inflammatory reactions 
occurring as direct consequence of the avulsion (7).

The objective of the present study is to determine 
which has to be the priority - replantation or 
elimination of every irritating stimulus for the 
periodontal ligament.  Twelve years ago we thought 
it was better to perform extraoral endodontic therapy. 
Do we have the same response nowadays?

MATERIALS AND METHODS

The patients included in the study are among those 
visited and treated, from January 2004 to January 2006, 
at the Dentoalveolar Traumatology Division of the 
University of Modena. The selection was based on the 
following criteria: patients of both sexes, with permanent 
avulsed dental elements, with complete root formation 

The aim of this study is to assess what needs to be the priority in tooth avulsion:  replantation as 
quickly as possible and deferred endodontic treatment, or replantation and elimination of every irritating 
stimulus for the periodontal ligament. Twenty patients were selected and divided into 2 groups: in group 
A attention was focused on the rapidity of replantation and postponed endodontic therapy, in group B 
we focused on the elimination of the necrotic pulp with extraoral endodontic therapy. Clinically, there 
was no difference in stability, but there were 3 elements in infraocclusion in group A, and 4 in group B. 
Radiographically, a similar incidence of radicular resorption caould be observed in group B compared to 
group A. In conclusion, as a result of dental avulsion, the speed of replanting always seems to be a priority.

Key words: tooth avulsion; endodontic treatment; extra oral dry time
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splint was removed and clinical/radiographic evaluation 
of the replanted element was performed.

After 12 years all the patients were recalled for 
clinical and radiographic evaluation. From the clinical 
perspective, the presence or not of the replanted tooth was 
the first goal, then the degree of mobility was appraised 
for all of the replanted elements according to Miller’s 
classification. 

Radiographic evaluation 
To establish the degree, intensity and extension of 

the resorption, it was decided to use a classification we 
described in 2006:

i. light degree: radicular point resorption < 1 mm2

ii. moderate degree:  radicular point resorption > 1 
mm2

iii. severe degree: radicular resorption in different 
locations 

In order to optimize the evaluation, the root of every 
dental element was divided into three parts (coronal, 
middle and apical third) and subsequently a value was 
assigned to every third. 

RESULTS

All 20 patients came for the 12-year follow-up 
and all the teeth were still in situ. Clinically, we had 
similar results in both groups; in fact, there was no 
mobility at all.

We observed an infraocclusion of some teeth: in 
group A 3 elements and in group B 4 elements. 

Radiographically, in Group A there were 2 
cases with RR of a light degree, 3 cases with RR of 
a moderate degree and 3 cases with RR of severe 
degree. In Group B there were 3 cases with RR of a 
light degree, 2 cases with RR of a moderate degree 
and 4 cases with RR of severe degree.

DISCUSSION

There are guidelines (3) available to assist the 
clinician in the management of avulsed teeth. The 
consensus from these guidelines is that the pulp 
should be removed 7–14 days after replantation (9-
11). This guidance appears to be based on the known 
high risk of inflammatory root resorption in replanted 

and with an extraoral dry time greater than 60 minutes. 
Eleven males and 9 females were selected and randomly 
divided into 2 groups (Group A - Group B).

Group A 
In Group A the attention was focused on the rapidity of 

replantation. At the first appointment the avulsed element 
was grasped by the crown and, under constant irrigation 
with salt solution, the residual fragments of LPD and 
any other possible irritating stimulus were removed from 
the radicular surface then it was replanted with delicate 
manual pressure and splinted. The correct replantation of 
the avulsed element was radiographically checked.

At  the second appointment (after one week), endodontic 
therapy of the avulsed element was performed: access to 
the pulpal room with a three-step standardized technique, 
pulpectomy with manual steel tools, type K-files, and 
partial outlining of the radicular channels system, under 
constant irrigation with EDTA at 17% and NaOCl at 
5.25% (8), then application of calcium hydroxide, diluted 
with physiological, inside the canal system, positioning 
of a cotton pellet and temporary filling with zinc oxide-
eugenol.

At the third appointment (after two weeks) the splint 
was removed and clinical/radiographic evaluation of the 
replanted element was performed. The endodontic therapy 
was finalized with a mixed technique using standardized 
steel and Ni-TI tools, then a three-dimensional filling of 
the canal system by thermafil technique. 

Group B 
The main objective was the complete removal of the 

necrotic   pulp and any possible irritating stimuli that 
could lead to radicular resorption of inflammatory type. In 
this case the priority was not the replantation as quickly as 
possible, as it was in GROUP A. 

At the first appointment an extra-oral endodontic 
therapy was performed: access to the pulpal room with 
a three-step standardized technique, outlining of the 
canal system with a mixed technique using steel and 
standardized Ni-Ti and instruments, alternate irrigation 
with EDTA liquid at 17% and sodium hypochlorite at 
5.25%, three-dimensional filling of the canal system 
by thermafil technique. The avulsed element was then 
replanted with delicate manual pressure and splinted.

At the second appointment (after two weeks), the 
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teeth in cases where the pulp has not been extirpated. 
Extraoral endodontic treatment is contraindicated 
as this extends extraoral time, further damaging 
periodontal ligament cells, although this has been 
recommended for teeth with extended extraoral dry 
times. 

From the revision of the literature, it is clear that 
a standardized approach does not exist, therefore this 
is the reason for this study. Although at 12 months 
(12) the results indicated clearly that the extra oral 
therapy was to be preferred as it could reduce root 
resorption, after 13 years the results became similar 
to the point of overlapping values.  In some cases 
even, the elements treated with extra-oral therapy 
had a greater root resorption. 

In conclusion, as a result of dental avulsion, the 
speed of replanting always seems to be a priority.
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To the Editor,
The regenerative treatment of intraosseous defects 

is achieved by following different methodologies. 
In particular, bovine bone xenographic (BPBM) 
derivatives have proved to be safe and beneficial both 
on animals and humans in terms of bone regeneration, 
clinical attack gain (CAL-gain), probing depth reduction 
(PD- reduction), defect filling and defect resolution 
when used in intraosseous defects (1-3). However, the 

periodontal regeneration would make much of the use 
of the enamel matrix derivative peptide (EMP). All the 
minimally invasive surgical techniques, permitting a 
less invasive approach to the patients, are particularly 
suited to the use of only EMP (4, 5).

The aim of this study is to compare the clinical 
results obtained using the sole EMP compared to the 
association of EMP and BPBM in the treatment of 
deep intraosseous defects.

Periodontal tissue regeneration depends on several biological, homeostatic and regulative variables 
that directly induce the clinical features. The aim of this study is to compare the clinical results obtained 
using the enamel matrix derivative peptide (EMP) compared to the less manageable association of EMP 
and bovine bone xenographic (BPBM) in the treatment of deep intraosseous defects. Ten healthy patients, 
suffering from moderate or severe chronic periodontitis, having at least two deep and narrow intrabony 
defects in the same dental arch and needing surgical treatment, were selected. The same patient was 
treated with the two different materials: EMP –TG1 in one defect and the association-TG2 in the other. 
Immediately before surgery (T0) and 12-month after (T2) the probing depth (PD) and gingival recession 
(GR) were registered at the experimental sites. No statistically significant differences were shown between 
TG1 and TG2 at T0 nor at T1 in term of PD and GR, while a statistically significant PD decrease was 
found both in TG1 and TG2 between T0 and T1 (p<0.05). GR increase resulted statistically significant in 
TG1 (p<0.05) but not in TG2 between T0 and T1 (p≥0.05). In this split-mouth retrospective study, both 
the treatments achieve favourable clinical results but the TG1 shows a significant increase in GR probably 
because EMP is not able to support the gingiva covering the intrabony defect. Therefore, the choice of the 
type of periodontal defect to be treated with EMP will be a therapeutic key-point. 

Key words: enamel matrix derivative; minimally invasive surgery; periodontal regeneration
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and T1 measurements. Also, FMPS and FMBS 
were measured at the same time points.  Bleeding 
on probing was never marked in relation to sites 
considered. 

Statistical analysis 
The 12-months primary outcomes of this study 

were: PD and GR comparison between TG1 and 
TG2. Secondary outcome was the evaluation of PD 
and GR changes along the study follow-up.

Statistical analysis was performed using the 
parametric paired t-test for the clinical data taken 
before and after the surgical treatment or the variance 
analysis parametric test for two groups of different 
defects. 

For all measured variables, the null hypothesis 
(H0) of no difference among groups was rejected for 
a critical significance level of p <0.05.

RESULTS

Ten patients, 4 women and 6 men, aged 33-68 
years (mean ± SD, 55.6±10.2 years) fulfilled the 
entry criteria to the perspective study. 

At baseline (T0), the full-mouth plaque and 
bleeding scores were 16.8±2.8% and 15.6±3.5%, 
respectively. An average PD resulted 6.1±0.9mm 
and 5.8±0.6mm in TG1 and TG2, respectively. 
An average GR resulted both in TG1 and TG2 
0.5±0.5mm. The difference between TG1 and TG2 
at T0 was not statistically significant for both PD and 
GR indices (p>0.05, variance analysis test). 

Twelve months afterward (T1), FMPS and 
FMBS were 15.6±3.5% and 4.7±1.7%, respectively; 
the difference between the baseline and 12-month 
measurements was statistically significant for both 
the indices (p<0.05, paired t-test). An average 
probing depth (PD) of 1.8±0.64mm and 1.5±0.7mm 
was recorded in TG1 and TG2, respectively. The 
gingival recession (GR) average was 0.9±0.6mm 
and 0.7±0.7mm in TG1 and TG2, respectively. The 
difference in PD and GR between TG1 and TG2 
groups was statistically not significant (p>0.05, 
variance analysis test). 

The difference in PD between T0 (baseline) 
and T1 (12-month afterwards) was statistically 

MATERIALS AND METHODS

This retrospective study was performed at 
the Periodontology Unit of Dentistry and Oral-
Maxillofacial Surgery of Modena University Hospital. 
Subjects referred for dental and periodontal therapy 
were among those visited and treated from January 
2007 and January 2009. The patients considered in 
this retrospective study, signed informed consent 
detailing all procedures of the treatment, as requested 
by the Helsinki protocols. They were suffering 
from moderate or severe chronic periodontitis (6). 
Moreover, they had to satisfy the following systemic 
and local inclusion criteria: absence of relevant 
medical conditions (7), to be of age, non-pregnant 
or lactating. The full-mouth plaque score (FMPS) 
and the full-mouth bleeding score (FMBS), had to be 
maintained ≤25% (measured at 4 aspects per tooth). 

Patients selected had at least two intrabony 
defects not adjacent in the same dental arch needing 
surgical treatment with the following properties: 
pocket depth (PD) ≥ 5mm with a radiologic intrabony 
component of at least 3 mm. The defect angle had 
to be < 36° (3, 4). The defects considered could not 
include furcations and had to be either two- or three-
wall intraosseous defects.

Dental-periodontal procedures and clinical 
measurements

The minimally invasive surgery principles and 
papillary preservation was always implemented 
on angular intraosseous defects (4). The treatment 
was performed in the same dental arch using EMP 
(Emdogain, Biora AB, Malmö, Sweden) (treatment 
group 1- TG1) or EMP + BPBM (Bio-Oss, Geistlich 
Pharma, Wolhusen, Switzerland) in the periodontal 
defects (Treatment group 2- TG2). So, the same 
patient was treated with the two different materials 
(EMP in one defect and the association in the other) 
but with the same surgical principle on equal defects.

The following clinical measurements were taken 
at the experimental site at baseline (T0), before the 
surgical treatment, and 12-month after (T2): probing 
depth (PD) end gingival recession (GR). The greater 
values of these indices in relation to the periodontal 
defects were considered in this study during TO 
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of FMPS, FMBS and PD. However, GR showed an 
increasing trend that resulted statistically significant 
only in TG1. Most probably, the gingival shrinkage 
following the periodontal pocket removal, caused in 
several ways the GR increase. However, this effect 
must be reduced as far as possible because it hinders 
the regenerative purpose of the periodontal therapy. 
The greater is the increase of GR after surgery, 
the lower is the decrease of PD due to periodontal 
ligament regeneration (CAL-gain) because PD+GR 
= CAL. This effect could become so relevant as 
to induce a soft tissue crater. In conclusion, in our 
retrospective study none significant difference 
resulted between TG1 and TG2 in terms of PD 
and GR measured at the periodontal defect. The 
difference in selection and treatment between TG1 
and TG2 was only in relation to the material used 
to favor the periodontal regeneration. The EMP has 
no relevant mechanical properties, it is not a space-
maintaining regenerative material (12), able to keep 
the gingiva in position once the periodontal pocket 
tissue has been removed. So, the periodontal defect 
selection, that has to be strictly a self-maintaining 
space defect if only EMP is used, is most probably a 
key-point of the therapeutic strategy.
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significantly their periodontal conditions in terms 
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To the Editor, 
Desquamative gingivitis (DG) is a characteristic 

clinical representation of many autoimmune 
diseases, such as oral lichen planus (OLP), mucous 
membrane pemphigoid (MMP), pemphigus vulgaris 
(PV), bullous pemphigoid, erythema multiforme, 

linear IgA disease, systemic lupus erythematosus, 
epidermolysis bullosa, and dermatitis herpetiformis. 
It can also arise as consequence of hypersensitivity 
reaction to some antigens contained in toothpastes, 
mouth rinses, chewing gum or foods, and less 
frequently in patients with plasma cell gingivitis, 

The occurrence of epithelial desquamation, erythema, and erosions on the gingival tissue could be 
described in literature as “desquamative gingivitis” (DG), mostly due to a wide range of autoimmune/
dermatological disorders. The objective of this systematic review was to assess the efficiency of the 
different treatments for DG. The research was conducted using the following databases: PubMed, Google 
Scholar, NIH (National Institute of Health), Up to Date, Scopus, Cochrane Library, Web of Science. 
The P.I.C.O. (Patient, Intervention, Control, Outcome) question was as follows: human patients with 
clinical-pathological diagnosis of DG (Patients); any topic, systemic medication, photobiomodulation 
or periodontal treatments (Intervention); no treatment, placebo or other drug (Comparison); and 
effectiveness in terms of improvement of symptoms (primary Outcome) and signs (secondary Outcome). 
The PROSPERO record is number CRD42018084531. A total of 2,174 potential results were acquired 
from the various databases, of which 998 were duplicates; the remaining 1,176 studies were submitted 
to a first reading of title and abstract: 1,137 articles had to be excluded, with 994 not being inherent to 
the purposes of this review, and 143 being published in languages other than English. The remaining 
39 articles were subjected to full reading; 4 randomized controlled trials were considered eligible but 
only 2 finally analysed. To date, 0.05% clobetasol propionate ointment compared with placebo, in the 
management of signs and symptoms of DG, showed no statistically significant differences. Differently, a 
structured plaque control appeared to be successful in reducing plaque and improving signs and related 
pain, with statistically significant differences regarding related symptoms, plaque index and mucosal 
disease score. Regarding the clinical relevance based on our results, it is actually not possible to draw 
certain and positive conclusions as to the best management modalities for DG. Future research should 
be conducted in order to establish a proper therapy for this condition, primarily considering that it is 
mainly a characteristic clinical representation of dissimilar autoimmune bullous diseases. A promising 
field could be that of periodontal therapy, however, more data are needed.

Key words: systematic review; desquamative gingivitis; gingival pain; therapy; outcome
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treated by dentist/odontostomatologist, in the presence of 
a comparison group, under placebo or proper medications.

Exclusion criteria were: case reports, case series, 
reviews, open clinical trials, prospective or retrospective 
studies, letters to editors concerning DG therapy, as well 
as studies published in non-English language, and “non-
inherent” studies, defined as such when:
- Not performed on humans;
- DG was not mentioned in any way;
- DG was simply cited as one of the many clinical

manifestations observed in patients, without further
specification;

- DG was documented and treated together with other
atrophic-erosive oral lesions, without offering any
distinctive data on the efficacy and/or tolerability of a
given therapeutic protocol in the management of DG
alone.
The PROSPERO record is number CRD42018084531.

Search strategy
The research was conducted on the following databases: 

PubMed, Google Scholar, NIH (National Institute of 
Health), Up to Date, Scopus, Cochrane Library, Web of 
Science. Initially, there were no restrictions regarding 
the language, with not-in-English studies excluded in the 
first phase of study selection. Conversely, no restriction 
regarding the publishing year was applied whatsoever. 

Study selection and data extraction
References were exported into the EndNote® program 

(Thomson Reuters). Two reviewers independently from 
one another, proceeded to classify the various results. 
Any disagreements were resolved by consulting other 
reviewers until a consensus was reached.

After excluding not-inherent and not-in-English 
studies, based on the reading of titles and abstracts, full 
texts of the remaining articles were acquired and read; 
later, their classification was carried out, based on the 
eligibility criteria mentioned above. 

Quality assessment
The reviewers proceeded to assess the quality of the 

studies included using the PEDro scale, applied in previous 
systematic reviews, up to the current year. This scale 
considers the following parameters: random allocation, 
concealed allocation, similarity between the groups at 

chronic ulcerative stomatitis and orofacial 
granulomatosis (1, 2).

DG usually presents with erythema, shedding and 
ulceration of both free and attached gingiva (mainly 
vestibular), and, differently from plaque-induced 
inflammation, it could extend beyond the marginal 
border, involving the full width of the gums and 
often the alveolar mucosa (3, 4).

To date, there are no generally established 
guidelines for the treatment of DG (1-4). Treatment 
should be undertaken with the goal of achieving 
control of symptoms with minimum side effects (1). 
In the last decade some evidence suggested that DG 
could play a role in increasing the long-term risk 
for periodontal tissue breakdown (5), detailing that 
an inappropriate home oral hygiene could worsen 
the gingival status in DG patients, if compared to 
controls (6). For these reasons, some Authors have 
decided to start periodontal therapies for patients 
with DG (7). 

Consequently, with such dissimilar conclusions at 
hand, we sought to systematically review therapies 
for DG to incorporate research in order to provide 
a base for the elaboration of more consistent and 
effective management approaches. 

MATERIALS AND METHODS

This study on the treatment of DG was carried out 
from December 2016 to December 2017. The P.I.C.O. 
(Patient, Intervention, Control, Outcome) question [based 
on the Preferred Reporting Items for Systematic Review 
and Meta-analysis (PRISMA)] for this investigation 
was: “In populations with DG, which intervention is 
effective in improving pain and/or relieving related 
symptoms compared to other intervention or placebo?” 
The P.I.C.O. question was then developed as follows: 
human patients with clinical diagnosis of DG (Patients) 
related to any possible cause; any topic, systemic 
medication, photobiomodulation or periodontal treatments 
(Intervention); no treatment, placebo or other drug 
(Comparison); and effectiveness in terms of improvement 
of symptoms (primary Outcome) and clinical signs 
(secondary Outcome).

Inclusion criteria were: randomized and controlled 
clinical trials conducted on human beings affected by DG, 
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considers the following parameters: random allocation, 
concealed allocation, similarity between the groups at 

chronic ulcerative stomatitis and orofacial 
granulomatosis (1, 2).

DG usually presents with erythema, shedding and 
ulceration of both free and attached gingiva (mainly 
vestibular), and, differently from plaque-induced 
inflammation, it could extend beyond the marginal 
border, involving the full width of the gums and 
often the alveolar mucosa (3, 4).

To date, there are no generally established 
guidelines for the treatment of DG (1-4). Treatment 
should be undertaken with the goal of achieving 
control of symptoms with minimum side effects (1). 
In the last decade some evidence suggested that DG 
could play a role in increasing the long-term risk 
for periodontal tissue breakdown (5), detailing that 
an inappropriate home oral hygiene could worsen 
the gingival status in DG patients, if compared to 
controls (6). For these reasons, some Authors have 
decided to start periodontal therapies for patients 
with DG (7). 

Consequently, with such dissimilar conclusions at 
hand, we sought to systematically review therapies 
for DG to incorporate research in order to provide 
a base for the elaboration of more consistent and 
effective management approaches. 

MATERIALS AND METHODS

This study on the treatment of DG was carried out 
from December 2016 to December 2017. The P.I.C.O. 
(Patient, Intervention, Control, Outcome) question [based 
on the Preferred Reporting Items for Systematic Review 
and Meta-analysis (PRISMA)] for this investigation 
was: “In populations with DG, which intervention is 
effective in improving pain and/or relieving related 
symptoms compared to other intervention or placebo?” 
The P.I.C.O. question was then developed as follows: 
human patients with clinical diagnosis of DG (Patients) 
related to any possible cause; any topic, systemic 
medication, photobiomodulation or periodontal treatments 
(Intervention); no treatment, placebo or other drug 
(Comparison); and effectiveness in terms of improvement 
of symptoms (primary Outcome) and clinical signs 
(secondary Outcome).

Inclusion criteria were: randomized and controlled 
clinical trials conducted on human beings affected by DG, 
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variability data. According to this scale, a controlled 
clinical trial can be considered of good quality if the 
PEDro score is ≥6 with a maximum score of 10.

baseline, subject, therapist and assessor blinding, less 
than 15% dropouts, intention-to-treat analysis, statistical 
comparisons between the groups, point measures and 

Table I.  Characteristics of RCT examining treatment on patients with desquamative gingivitis.

 

DG: desquamative gingivitis; OLP: oral lichen planus; MMP: mucous membrane
pemphigoid; OLL: oral lichenoid lesion; OHIP: oral health impact profile; PI: plaque
index; VAS: visual analogue scale; WTP: willingness to pay

Authors, 
year Country Oral disease Sample Groups under 

comparison Duration Drug/dose 

Motta et al. 
2009 Brazil PV, MMP, 

OLP 22 (17 F) 5 vs 17 8 wks 0.05% propionate clobetasol ointment vs 
hydroxylhetyl cellulose 

Stone et al. 
2015 UK OLP 82 data from 79 

patients 39 vs 43 20 wks Powered toothbrush/interdental cleaning 
aids vs normal plaque control 

Patients 
age 

Inclusion criteria Exclusion criteria Collected data Main results 

25-78 
yrs

Presence of erythema, atrophy, 
vesicobullous areas, erosions, 
ulcerations and desquamative 
lesions, 
in multiple associations or not 

Patients with disseminated 
mucocutaneous diseases 
or exacerbation of their diseases 
during the study period, or 
undergoing treatment 
potentially OLL-evoking  

Patients examined before the 
trial and then at 2-week 
intervals throughout the 
trial; clinical evaluation 
through diagram of the 
gingival mucosa involved in 
DG with 6 sites for tooth; 
response defined as 
complete (100%), excellent 
(75% to 99%), good (50% to 
74%), poor (1% to 49%), no 
response, and worsened 

No statistically significant 
difference was found 
between clobetasol and 
placebo (p>0.05).  
Within the period designed 
to treat the gingival lesions 
of the patients, clobetasol 
propionate did not 
significantly outperform the 
placebo. 

61.2 yrs Patients ≥ 18 yrs, willing and 
able to complete 
questionnaires; able to provide 
consent, newly referred or 
under review at Newcastle 
Dental Hospital with 
a provisional diagnosis of OLP 
with 
clinical signs of gingival 
involvement 

Unable to attend for the 
additional appointments prior to 
biopsy; unable to complete 
questionnaires, involved in a 
research study within the 
previous 28 days. 

OHIP ordinal, OHIP 
dichotomous, VAS, PI,  
Escudier score 

OHIP ordinal and OHIP 
dichotomous scores showed 
statistically significant 
improvements when 
compared with control. 
Intervention was successful 
in reducing plaque 
compared to control (p < 
0.001) improvements were 
observed using the mucosal 
disease indices at the 4 and 
20 weeks follow-up (p< 
0.001) 

Table I. Characteristics of RCT examining treatment on patients with desquamative gingivitis.

DG: desquamative gingivitis; OLP: oral lichen planus; MMP: mucous membrane pemphigoid; OLL: oral lichenoid 
lesion; OHIP: oral health impact profile; PI: plaque index; VAS: visual analogue scale; WTP: willingness to pay
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therefore, a narrative description of the results is presented 
in this current review.

RESULTS

A total of 2,174 potential results were acquired 
from the various databases, of which 998 were 
duplicates. The remaining 1,176 studies were 
submitted to a first reading of title and abstract: 
1,137 articles had to be excluded, with 994 not being 

Data synthesis
Through the compilation of an Excel sheet, information 

was extracted from each of the selected studies regarding 
study design, main characteristics of the selected sample 
(country of origin, size, distribution by gender and age), 
type of therapeutic protocol, duration of the intervention 
and results.

In light of the limited number of RCTs and the high 
degree of diversification regarding both methods and 
therapies, a meta-analysis could not be performed, 

Fig. 1. Flow-chart of systematic review synthesis.

Table II. Quality assessment PEDro scale.

LEGEND TO FIGURE

Fig. 1. Flow-chart of systematic review synthesis.

Authors, year 1 2 3 4 5 6 7 8 9 10 11 Total 

Motta et al. 
2009 

Yes No Yes Yes Yes Yes Yes Yes Yes Yes Yes 9 of 10 

Stone et al. 
2015 

Yes Yes No Yes No No No Yes Yes Yes Yes 6 of 10 

Table II. Quality assessment PEDro scale.
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when compared to the normal plaque control regimen 
maintained by the 39 control cases, appeared to be 
successful in reducing plaque and improving signs 
and symptoms of DG, with statistically significant 
differences regarding related symptoms, plaque 
index and mucosal disease score.

DISCUSSION

The aim of this systematic review was to 
investigate the current state of the art regarding the 
therapy of DG. Based on these current results, it is 
actually not possible to draw certain and encouraging 
conclusions as to the best management modalities.

Corrocher and co-workers’ RCT (8) was excluded 
due to the questionable eligibility criteria provided, 
as was Stone and co-workers’ RCT (9), due to the 
incompatibility of its outcome with the P.I.C.O. 
question of the present review.

On the other hand, the double-blind, crossover, 
placebo-controlled trial published by Motta and 
co-workers (10), assessing the efficacy of topical 
clobetasol propionate on DG patients, met our 
criteria of inclusion, showing a slight, not-significant 
improvement of clinical signs and symptoms 
between topical steroid and placebo.

Stone and co-workers (11) reported a statistically 
significant improvement through a structured plaque 
control both in plaque control and oro-mucosal 
disease (p<0.001 for Plaque Index and Escudier 
index), with no statistically significant changes 
regarding perception of pain (p>0.05 for OHIP and 
VAS). 

The present systematic review reveals a 
substantial lack in current understanding of the 
pathogenesis and risk factors of DG. Hence, further 
clinical trials on large samples of patients are 
required to establish whether clobetasol propionate 
is as unreliable as shown by Motta and co-workers, 
not only on patients with OLP-related DG, but also 
PV/PMM-related DG, where DG tends to persist, 
despite the healing of the cutaneous and oral signs.

Similarly, to assess the role of periodontal therapy 
in the management of DG, although our group 
provided evidence of microbiologic alterations 
in subgingival plaque between autoimmune and 

inherent to the purposes of this review, and 143 
being published in languages other than English. The 
remaining 39 articles were subjected to full reading: 
2 Randomized Controlled Trials were considered 
eligible for this review (10, 11). Furthermore, 
11 case reports, 7 case-series, 6 pilot studies, 5 
reviews, 4 open clinical trials, 2 not-inherent RCT, 
1 retrospective study and 1 letter to the Editor were 
also excluded (Fig. 1). 

Table I summarizes the main characteristics of 
the two included trials.

Quality assessment
The quality assessment using the PEDro scale 

revealed values ranging from 6 to 10 with the scale 
ranging from 0 to 10. Grade 6 of the study by Stone 
and co-workers was due to the absence of a blinded 
approach (Table II).

General characteristics of the sample
The size of the trial samples varies from 22 to 82, 

with an age-range between 25 and 78 years, and an 
approximate female to male ratio of 6:1.

In 2009, Motta and co-workers (10) carried out an 
8-week double-blind, crossover, placebo-controlled
clinical trial on 22 Brazilian patients, divided into
two groups in order to compare the efficacy of
0.05% clobetasol propionate ointment with placebo
(hydroxyethyl cellulose) in the management of
signs and symptoms of DG, showing no statistically
significant differences (p>0.05). Group 1 was a
sample of 5 PV female patients, treated systemically
with prednisone and/or azathioprine in the previous
six months, whereas group 2 consisted of 9 patients
with OLP, 5 with MMP and 3 with PV, thus consisting 
of a total of 17 patients.

Later, in 2015, Stone and co-workers (11) 
conducted a 20-week randomized controlled trial on 
82 British patients affected by OLP-related DG, in 
order to determine the clinical efficacy of structured 
plaque control provided to 43 patients through the 
addition of a powered toothbrush and inter-dental 
cleaning aids TePe® extra soft inter-dental brushes 
(TePe Munhygienprodukter, Malmo, Sweden) 
ranging from ISO size 1–6 or Oral-B dental floss 
(Procter & Gamble, Weybridge, UK). Such addition, 
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gingivitis patients. Clin Oral Investig 2014; 18:917-25.
7. Guiglia R, Di Liberto C, Pizzo G, et al. A combined

treatment regimen for desquamative gingivitis in
patients with oral lichen planus. J Oral Pathol Med
2007; 36:110-16.

8. Corrocher G, Di Lorenzo G, Mansueto P, et al.
Comparison of topical tacrolimus 0.1 % in pectin
ointment with clobetasol 0.5% ointment in adults
with moderate to severe desquamative gingivitis: A
4-week, randomized, double-blind clinical trial. Clin
Ther 2006; 28:1296-302.

9. Stone SJ, McCracken GI, Heasman PA, Staines KS,
Pennington M. Cost-effectiveness of personalized
plaque control for managing the gingival
manifestations of oral lichen planus: a randomized
controlled study. J Clin Periodontol 2013; 40:859-67.

10. Motta AC, Domaneschi C, Komesu MC, Souza Cda
S, Aoki V, Migliari DA. Double-blind, crossover,
placebo-controlled clinical trial with clobetasol
propionate in desquamative gingivitis. Braz Dent J
2009; 20:2313-6.

11. Stone SJ, Heasman PA, Staines KS, McCracken GI.
The impact of structured plaque control for patients
with gingival manifestations of oral lichen planus:
a randomized controlled study. J Clin Periodontol
2015; 42:356-62.

12. Arduino PG, Romano F, Sasia D, et al. Subgingival
microbiota in white patients with desquamative
gingivitis: a cross-sectional study. J Periodontol
2017; 88:643-50.

plaque-induced gingivitis (12), further and larger 
randomized prospective studies are needed to 
investigate this fascinating association.
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To the Editor,
Ventilator-associated pneumonia (VAP) is one 

the most common (2) hospital-acquired infections 
(HAIs), occurring in about 12% of paediatric patients 
admitted to intensive care (1) and accounting for 
almost a quarter of nosocomial infections with 
more than 5% of ventilated patients affected. Oral 
health and the VAP development are correlated by 
numerous factors (3). 

VAP is defined as a pulmonary bacterial infection 
involving patients under mechanical ventilation 

for 48 hours or longer. Given the strict correlation 
between VAP and mechanical ventilation, no signs 
and symptoms that suggest a development of the 
lower respiratory tract infection before intubation 
must be present (4). Bacterial colonization of the 
respiratory tract in patients undergoing mechanical 
ventilation is the responsible of VAP initiation 
(5). Tracheobronchitis associated with ventilation 
(VATB) are caused by bacterial colonization of the 
oropharyngeal tract and prompt ventilator-associated 
pneumonia development (6).

Ventilator Associated Pneumonia (VAP) is a serious complication in critically ill patients, and oral
hygiene care may effectively reduce its incidence. The prevention of VAP is much more effective through
the implementation of several interventions that together give rise to a potentially synergistic effect. From
January 2018, according to the latest guidelines and the internal department protocol at the Paediatric
Intensive Care Unit of A. Gemelli University Hospital, the measures for the management of the VAP have
been implemented. Chlorhexidine 0.12% has been used, within the oral hygiene procedures established
by the protocol, to evaluate its microbiological and clinical effectiveness on the development of ventilator-
associated pneumonia in paediatric patients admitted to intensive care undergoing invasive mechanical
ventilation. The main purpose of the present study was to verify the effectiveness of the prevention protocol,
during its implementation, in reducing the incidence of pneumonia associated with invasive mechanical
ventilation. The survey also aimed to evaluate the predictive power of the culture of the pharyngeal swabs,
routinely performed according to the scientific evidence, in identifying the colonization of the trachea,
in the patients admitted to our intensive care unit and subjected to mechanical ventilation for at least 48
hours. Finally, the research has evaluated the conditions of the stomatognathic apparatus and of all the
tissues and organs associated with it in the patients who use ventilators.

Key words: VAP; prevention; pediatric intensive care unit; chlorexidine
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received the measures scheduled in the protocol for the 
management of VAP.

Patients 
Implementation of the management of patients at 

VAP risk has started on January 2018, once the present 
protocol has been approved by the Ethics Committee. 
All paediatric patients admitted to our PICU receiving 
mechanical ventilation with a duration greater than or 
equal to 48 hours have been considered eligible for our 
study. All consecutive patients admitted from January 
2018 have been included, and demographic and clinical 
data have been collected anonymously, as long as data 
regarding infections and therapies prescription, including 
antibiotics (“after” group). The retrospective control 
cohort (“before” group) is represented by a group of 
patients admitted in our PICU in the period from January 
2016 up to December 2017. Patients have been matched 
with prospective group.

Patients undergoing invasive mechanical ventilation 
for at least 48 hours. and aged <18 years were included in 
the study. Reasons for exclusion were: the parents did not 
give informed consent; pregnancy; previous endotracheal 
antibiotic therapy; penicillin (amoxicillin; ampicillin); 
cephalosporins 1° and 2°; macrolide; presence of 
tracheostomy. 

For each patient, the study was considered completed 
after weaning from mechanical ventilation or in the case 
of need for tracheostomy.

Intervention and procedures
Parents or those who have the child’s legal responsibility 

were informed about the objectives of the study and how to 
carry out the treatment, and once they signed the informed 
consent, their children were enrolled in the investigation. 

Each enrolled patient was identified with a code, 
recorded on a special register kept by the investigators. 
For the patients, data (date of enrolment, age at time of 
enrolment, sex, clinical history, results of the physical 
examination, possible notes) were collected and managed 
through appropriate electronic apparatus, in respect of their 
privacy.

According to the routine protocol, the treatments for the 
prevention of bacterial colonization were the following:

• aspiration of tracheobronchial secretions through
the closed-circuit system;

Such bacterial colonization of the inferior 
respiratory tract, physiologically sterile, is related 
mainly to the aspiration of secretions, to the 
colonization of the aerodigestive tract or to the use 
of contaminated instruments (5). Immobility and 
the reduced reflex of cough make intubated patients 
more suitable to VAP development. Furthermore, the 
VAP risk is higher for intubated children than for 
adults in the same condition (7) because of different 
anatomy, physiology and underlying illnesses from 
adults. Pseudomonas aeruginosa, Staphylococcus 
aureus and Haemophilus influenzae are the pathogens 
most frequently associated with VAP in paediatric 
intensive care (2).

In patients admitted to intensive care and 
subjected to mechanical ventilation, oral health may 
be compromised by the state of the disease and by 
mechanical ventilation itself (8). The effects of oral 
hygiene on the development of VAP are of great 
interest to clinicians (9).

In our paediatric intensive care unit (PICU), a 
new bundle of treatment for VAP prevention was 
introduced in clinical practice in January 2018. Our 
aim was to compare the incidence of VAP in this 
population before and after VAP prevention bundle 
implementation.

MATERIALS AND METHODS

Trial design and oversight
This is a prospective longitudinal monocentric cohort 

study with a retrospective control group (before-after 
observational analysis).

This protocol evaluates primarily the incidence 
of VAPs between two groups (before and after VAP 
prevention bundle implementation) and secondarily 
bacterial colonization of the oropharynx. Since January 
2018 the implementation of the care measures has been 
adopted in accordance with the latest guidelines, 2016-
2017 (12). 

Patients were enrolled at the Paediatric Intensive 
Care Unit (PICU) of the Fondazione Policlinico Agostino 
Gemelli-IRCSS in Rome. In the study, among those 
admitted to paediatric intensive care, patients requiring 
invasive mechanical ventilation were enrolled. In line 
with the internal protocol of our department, these patients 
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(12). In patients who had developed clinical signs of 
pneumonia whilst receiving mechanical ventilation, a 
bronchoalveolar lavage (BAL) was performed blindly, 
as required by the internal protocol of the department in 
case of clinical suspicion of pneumonia. Pneumonia is 
suspected in infants when increased body temperature 
or leukopenia are accompanied by at least three of the 
following signs: unstable body temperature, appearance 
of purulent sputum or sputum modification or increased 
respiratory secretions or increased drainage requirement, 
apnoea, tachypnoea, nasal burning with retraction of 
the rib cage or with grunts, breath whistling rantolii or 
ronchii, cough, bradycardia or tachycardia. In children 
over 1 year of age or under 12 years, the suspicion of 
VAP relied on fever or leukopenia accompanied by at 
least three of the following signs: fever or hypothermia, 
leukopenia or leucocytosis, onset of purulent sputum or 
sputum modification or increased respiratory secretions 
or increased drainage needs, onset or worsening of cough 
or dyspnoea, apnoea or tachypnoea, rales or bronchial 
respiratory noises, worsening gaseous exchanges, 
increased oxygen requirements or increased fan demand. 
In children above the age of 12, pneumonia is suspected 
when the chest radiograph reveals a new or progressive 
pulmonary infiltrate and at least two of the following 
criteria are present: temperature >38°C or <36°C, purulent 
respiratory secretions, white blood cells >12,000/mm3 or 
<4,000/mm3. 

The monitoring of the clinical condition of the oral 
cavity was carried out by assigning a score provided in an 
evaluation form, which analysed the status of lips, mucous 
membranes and tongue, gums, teeth (where present) and 
saliva. The score was assigned according to a reference 
table, which assigned value 1 in the case of a physiological 
picture, value 2 if there are signs of pathological changes, 
value 3 where the pathological picture was established. 
This form had to be completed daily and was repeated 
upon discharge from the operative unit.

The aim of the study was to measure the number 
of tracheobronchial tree and lower respiratory tract 
infections both during the period of admission under 
invasive mechanical ventilation in the intensive care unit 
and within 48 hours of extubation.

Statistical analysis
The incidence of VAP in our PICU is around 30%.  

• changing ventilator circuits and suction catheters
when visibly dirty or malfunctioning;

• drainage of endotracheal tube where indicated by
the clinical examination;

• drying the condensation from the ventilation
circuit when needed;

• hand hygiene before and after contact with the
patient and/or with the ventilation circuit;

• practicing oral hygiene according to the age group
to which the patient belongs, as shown below.

Infants and edentulous children: cleaning the oral 
cavity with swabs soaked in physiological saline solution 
every 12 hours; soothing the lips with paraffin-based 
products every 12 hours and as needed.

Children under the age of 6 years in deciduous 
dentition: cleaning the oral cavity with a pad soaked in 
physiological saline solution every 12 hours; soothing the 
lips with paraffin-based products every 12 hours and as 
needed.

Children over 6 years of age in mixed and permanent 
dentition: cleaning the oral cavity with a swab dipped in 
chlorhexidine digluconate in a concentration of 0.12%. 
every 12 hours; not rinsing the oral cavity; soothing the 
lips with paraffin-based products every 12 hours and as 
needed.

Alongside the measures implemented to prevent 
bacterial colonization, the following procedures were 
implemented to prevent aspiration of secretions from the 
oropharynx:

• raising, where possible, the headboard by 30-40°;
• always drying the ventilator circuit before reposi-

tioning the patient;
• using endotracheal tubes with the dorsal lumen

that opens above the tracheal tube cuff to facili-
tate the suction of the secretions from the cuff for
children over the age of 12 years.

After 24 hours of mechanical ventilation, tracheal 
secretions were collected from all patients, as well as 
samples using oropharyngeal swabs to be analysed; these 
collections were repeated twice a week (once every 3-4 
days). The samples were taken before the oral hygiene 
procedures stated in the protocol, that included the use of 
physiological saline or chlorhexidine in the effective and 
safe concentration of 0.12%.

In cases where there was evidence of colonization by 
hospital germs, the existing PICU protocols were adopted 
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the cultures of the tracheal secretions but not the 
oropharynx. 

The status of oral health was based on a score 
assigned by evaluating lips, mucous membranes 
and tongue, gums, teeth (where present), saliva. The 
score ranged from 1 to 3, and was recorded during 
the whole length of stay in the intensive care unit, 
indicating the progression of the status of oral health 
during the ventilation period. 

DISCUSSION

The main purpose of this study was to evaluate 
the effectiveness of the VAP prevention bundle 
in reducing the number of ventilation-associated-
pneumonia events in the paediatric population of the 
intensive care. The survey also aimed to evaluate the 
predictive power of the culture of the pharyngeal 
swabs in identifying the colonization of the trachea. 
These measures were routinely performed according 
to the latest scientific evidence in all the patients 
admitted to the intensive care unit and subjected to 
mechanical ventilation for at least 48 hours (12). 
Finally, the research evaluated the conditions of the 
stomatognathic apparatus and the oral health in the 
patients who use ventilators.

The primary outcome is monitoring the 
effectiveness of the protocol in the prevention 
of ventilator-associated pneumonia in a cohort 
of paediatric patients admitted to intensive care 
undergoing invasive mechanical ventilation. 
Additional secondary outcomes are evaluating the 
orotracheal colonization of patients undergoing 
mechanical ventilation, observing the status of oral 
health in these patients, and comparing the incidence 
of VAP before and after the implementation of the 
VAP prevention bundle.

Exploratory outcomes are evaluating the 
orotracheal colonization of the subpopulation of 
patients who develop pneumonia and any related 
relapses on the empiric antibiotic therapy approach; 
finally, the study also aims to observe the status of 
oral health in the subpopulation of patients who 
develop pneumonia.

The processing of data was carried out in 
compliance with the measures of the “Code regarding 

Accepting an Alpha error of 0.05 and a Beta error of 0.2 
and estimating an absolute 15% reduction in the incidence 
of VAP, the total population enrolled was calculated as N = 
242 and N per group = 121.

The data distribution was evaluated by the Kolmogorov-
Smirnov test. The continuous variables with normal 
distribution were expressed as mean ± standard deviation 
and evaluated by the Student t-test. Continuous variables 
with non-normal distribution were expressed as median and 
interquartile ranges and evaluated by the Mann-Whitney 
test. The categorical variables were reported as percentages 
and analysed using the Chi-squared test or Fisher’s test 
when appropriate.

The predictive ability of the study test (culture of 
samples from the oropharynx) was evaluated by calculating 
the sensitivity, the specificity, and the positive and 
negative predictive value of the test with the respective 
95% confidence intervals, constructing ROC curves with 
selection of the incidence of tracheobronchial colonization 
and VAP, respectively. The AUC of the curves were 
compared to each other to understand whether one of the 
samples taken had a better predictive power than the others.

A p <0.05 was considered statistically significant. 
The analysis was elaborated with the statistical software 
MedCalc Statistical Software version 14.12.0 (MedCalc 
Software bvba, Ostend, Belgium; http://www.medcalc.org; 
2014).

RESULTS

Colonization of the tracheal tract was defined as 
the presence of one or more germs in the culture of 
tracheal secretions regardless of the microbial load 
and the type of germ (qualitative measure).

The culture of the oropharyngeal samples (study 
test), independently of the microbial charge and the 
type of germ (qualitative measure), was defined as 
true positive if there had been a growth of the germ 
in the cultures both in these sites and in the tracheal 
secretions. The test was defined as false positive if the 
growth of the germ had occurred in the oropharynx 
cultures but not the tracheal secretions. The test was 
defined as true negative if there had been no growth 
of the germ in the oropharynx cultures or tracheal 
secretions. Finally, the test was defined as false 
negative if the growth of the germ had occurred in 
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ADAMTS (a disintegrin and metalloproteinase with 
thrombospondin motif protein), is a subfamily of 
metalloproteinases and enzymes that possess the 
ability to degrade proteoglycans (PGs), acting at a 
different cleavage site to MMPs (6). Moreover, it has 
been shown that PGs, like collagens, are involved 
during OTM. It was shown that, in rat tooth eruption, 
ADAMTS plays a key role in the remodeling of 
periodontal extracellular matrix (ECM) (7). In 
that study, it was demonstrated that during tooth 
eruption osteoblasts, osteocytes and fibroblasts of 
PDL expressed versican, ADAMTS1, ADAMTS4 

To the Editor,
Orthodontic tooth movement (OTM) is the 

result of a specifically balanced remodeling process 
between the alveolar bone and periodontal ligament 
(PDL). When an orthodontic force is applied to a 
tooth, a response from the periodontal tissue allows 
tooth movement (1). It has been shown that the 
mechanical stress during OTM induces PDL cells 
to release different mediators, such as cytokines, 
growth factors, matrix metalloproteinases (MMPs) 
and enzymes, which are fundamental for connective 
tissue remodeling and maintenance (1-5). The 

The aim of this study was to evaluate the expression of ADAMTS4 and ADAMTS5 in human gingival 
crevicular fluid (GCF) at different time-points following the application of an orthodontic force. Thirty-
two healthy patients (20 females, 12 males, mean age 13.8) who had undergone orthodontic treatment 
and needed upper first premolar extractions were enrolled in this study. For each patient, one maxillary 
canine was used as the test side and was subjected to a standardized orthodontic force while the contra-
lateral canine was used as a control and not subjected to any force. A GCF sample was taken on the 
compression and test sides of the test tooth and on the control tooth at baseline, after 1, 4, 24 hours 
and 7 and 21 days. Western blot analysis was performed to detect protein levels on controls and test 
teeth. Following the application of a force, the expression of ADAMTS4 increased significantly (p≤0.001) 
peaking at 4 hours in the tension side, while on the compression side it reached a peak, in a time-
dependent way, at 21 days (p≤0.001). ADAMTS5 levels peaked, on both tension and compression sides, 
at 1 hour following the application of force (p≤0.05), and on the compression side also at 24 hours 
and 7 days. These results suggest that both ADAMTS4 and 5 are involved during the early stages of 
orthodontic tooth movement.

Key words: ADAMTS4; ADAMTS5; orthodontic movement
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ADAMTS (a disintegrin and metalloproteinase with 
thrombospondin motif protein), is a subfamily of 
metalloproteinases and enzymes that possess the 
ability to degrade proteoglycans (PGs), acting at a 
different cleavage site to MMPs (6). Moreover, it has 
been shown that PGs, like collagens, are involved 
during OTM. It was shown that, in rat tooth eruption, 
ADAMTS plays a key role in the remodeling of 
periodontal extracellular matrix (ECM) (7). In 
that study, it was demonstrated that during tooth 
eruption osteoblasts, osteocytes and fibroblasts of 
PDL expressed versican, ADAMTS1, ADAMTS4 

To the Editor,
Orthodontic tooth movement (OTM) is the 

result of a specifically balanced remodeling process 
between the alveolar bone and periodontal ligament 
(PDL). When an orthodontic force is applied to a 
tooth, a response from the periodontal tissue allows 
tooth movement (1). It has been shown that the 
mechanical stress during OTM induces PDL cells 
to release different mediators, such as cytokines, 
growth factors, matrix metalloproteinases (MMPs) 
and enzymes, which are fundamental for connective 
tissue remodeling and maintenance (1-5). The 

The aim of this study was to evaluate the expression of ADAMTS4 and ADAMTS5 in human gingival 
crevicular fluid (GCF) at different time-points following the application of an orthodontic force. Thirty-
two healthy patients (20 females, 12 males, mean age 13.8) who had undergone orthodontic treatment 
and needed upper first premolar extractions were enrolled in this study. For each patient, one maxillary 
canine was used as the test side and was subjected to a standardized orthodontic force while the contra-
lateral canine was used as a control and not subjected to any force. A GCF sample was taken on the 
compression and test sides of the test tooth and on the control tooth at baseline, after 1, 4, 24 hours 
and 7 and 21 days. Western blot analysis was performed to detect protein levels on controls and test 
teeth. Following the application of a force, the expression of ADAMTS4 increased significantly (p≤0.001) 
peaking at 4 hours in the tension side, while on the compression side it reached a peak, in a time-
dependent way, at 21 days (p≤0.001). ADAMTS5 levels peaked, on both tension and compression sides, 
at 1 hour following the application of force (p≤0.05), and on the compression side also at 24 hours 
and 7 days. These results suggest that both ADAMTS4 and 5 are involved during the early stages of 
orthodontic tooth movement.
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full-mouth bleeding scores were evaluated by a 20g  
controlled force probe (Vivacare TPS Probe, Vivadent; 
Schaan, Lichtenstein) for supra-gingival plaque on the 
tooth surfaces or bleeding up to 30 seconds after probing.

The exclusion criteria were: i) previous orthodontic 
treatment; ii) pregnancy; iii) any systemic condition 
which might affect the study; iv) use of anti-inflammatory 
or antimicrobial drugs during the previous 3 months; v) 
use of mouthwash containing antimicrobials during the 
previous 3 months; vi) use of hormonal contraceptives; 
and vii) smoking.

Before bonding the orthodontic appliances, all 
subjects underwent a detailed periodontal examination 
and received an oral hygiene instruction protocol from a 
clinician not involved in the subsequent study phase and 
follow-up. 

Study design
During the first phase of the orthodontic treatment, 

the maxillary first premolar teeth were extracted 21 
days before starting the therapy with a fixed straightwire 
appliance. A fixed edgewise orthodontic appliance (MBT, 
3M Unitek, Monrovia, CA, USA) was bonded along 
with an archwire sequence of 0.014-in, 0.016-in nickel 
titanium and 0.016-in stainless steel (MBT, 3M-Unitek). 

For each patient, one maxillary upper canine was 
randomly chosen as a test tooth (for applying orthodontic 
force) and the other one as a control tooth (unbonded, 
without applying orthodontic force). The orthodontic force 
was applied, between the test tooth and the first molar, 
with a 150 gr Sentalloy coil spring (GAC International, 
Bohemia, NY, USA), controlled by a calibrated tension 
gauge which was activated once, at the baseline. One 
side of the test tooth was the compression side, the 
other the tension side. After the experiment, orthodontic 
treatment also included the control tooth. During the 
observation period the patients were told to avoid any 
anti-inflammatory or antimicrobial drugs.

GCF sampling
GCF samples were taken from the mesiobuccal 

and distobuccal sides of both the test and control teeth 
(1), according to the following schedule: T0, before 
application of the orthodontic force (baseline); T1, 1 
h; T2, 4 h; T3, 24 h; T4, 7 days and T5, 21 days after 
applying a standardized orthodontic force. The sample 

and ADAMTS5 (7). Therefore, it was supposed that 
ADAMTS 1, 2 and 5 are important in the signaling 
and regulation of the extracellular accumulation of 
large proportions of proteoglycan in the ECM of the 
periodontal ligament cells. Gingival crevicular fluid 
(GCF) analysis constitutes a non-invasive method to 
dynamically investigate the inflammatory mediators 
and signaling molecules in periodontal tissues and 
it has been used to analyze the biochemical and 
molecular processes of the soft and hard tissues that 
are involved during OTM. Identifying and mapping 
the molecular changes following the application of 
orthodontic force may help the clinician to identify 
the optimal force that can be used to obtain an 
appropriate tooth movement. For these reasons, 
given the important role of ADAMTSs in ECM and 
periodontal remodeling and metabolism, this study 
aimed to determine the composition and early time-
dependent changes of ADAMTS4 and ADAMTS5 in 
GCF during orthodontic tooth movement before and 
after the application of a standardized orthodontic 
force to further understand the dynamic periodontal 
changes that facilitate the early phases of OTM. 

MATERIALS AND METHODS

Study population
A power analysis was carried out using the results 

obtained from 10 random patients to evaluate the correct 
sample size for this research. The analysis indicated that 
30 participants would yield a confidence level of 95% and 
a Beta error level of 20%.

Thirty-two patients (20 females, 12 males; 13-15 years 
of age; mean 13.8) who needed orthodontic treatment were 
selected for this study. Informed consent was obtained 
from all patients’ guardians before the experimentation. 
Then the protocol was reviewed and approved by the local 
ethics committee.

The inclusion criteria were: i) general good health; 
ii) orthodontic treatment requiring a fixed appliance and 
upper first premolar extraction; iii) possessing a fully 
erupted maxillary canine; iv) healthy periodontium 
without gingival inflammation or radiographic evidence 
of bone loss; v) a full-mouth probing depth (PD) of ≤3 
mm; vi) full-mouth plaque and full-mouth bleeding 
scores less or equal to 20%. The full-mouth plaque and 
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(Cryotube, 2.0 mL, NUNC, Roskilde, Denmark) and snap 
frozen in liquid nitrogen at –70°C.

During the experimental period, the total amount of 
control and test tooth movement was calculated with a 
calibrated digital caliper. After completing the clinical 
assessments, intra-examiner repeatability and method 
error were evaluated. Intra-examiner calibration and 
reproducibility were guaranteed during the baseline 
calibration sessions by obtaining duplicate measurements 
of the GCF parameters from randomly selected patients. 
Intra-examiner agreement was calculated by Cohen’s k 

collection started at 9a.m. 
At each appointment for all subjects, all the clinical 

periodontal data was assessed. Before GCF collection 
from the selected sites, any plaque deposit was removed 
with a sterilized cotton roll, and gently dried by air stream. 
GCF was collected with sterile strips on the control tooth 
and on the tension and compression sides of the test tooth 
(Inline, Torino, Italy). The strip was gently subgingivally 
placed on 1 mm for 30 seconds. Strips contaminated by 
saliva or blood were disposed of. The valid strips were 
then immediately placed in individual sealed plastic tubes 

Fig. 1. A) Western blot analyses for ADAMTS5. ADAMTS5 protein levels in gingival crevicular fluid (GCF) at: T0, before 
application of the orthodontic force (baseline); T1, 1 hour; T2, 4 hours; T3, 24 hours; T4, 7 days and T5, 21 days after 
exertion of the standardized orthodontic force (upper blot, compression; middle blot, tension). B) Graph for ADAMTS5, 
T1, 1 hour; T2, 4 hours; T3, 24 hours; T4, 7 days and T5, 21 days after exertion of the standardized orthodontic force. 
Data showed the relative expression (mean + SEM) of ADAMTS5 protein calculated as arbitrary densitometric units 
(A.D.U.), collected from three independent experiments. Representative immunoblots were obtained using 30 μg of cell 
homogenates for each group. β-Tubulin was used as the loading control in each experiment. * p < 0.05 and ** p < 0.01, 
when compared to the control group. 
 * p≤0.05; ** p≤0.001, values between baseline and analyzed group at different time points.
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application of the orthodontic force (baseline); T1, 1 hour; T2, 4 hours; T3, 24 hours; T4, 7 days and T5, 21 days after 
exertion of the standardized orthodontic force (upper blot, compression; middle blot, tension). B) Graph for ADAMTS5, 
T1, 1 hour; T2, 4 hours; T3, 24 hours; T4, 7 days and T5, 21 days after exertion of the standardized orthodontic force. 
Data showed the relative expression (mean + SEM) of ADAMTS5 protein calculated as arbitrary densitometric units 
(A.D.U.), collected from three independent experiments. Representative immunoblots were obtained using 30 μg of cell 
homogenates for each group. β-Tubulin was used as the loading control in each experiment. * p < 0.05 and ** p < 0.01, 
when compared to the control group. 
 * p≤0.05; ** p≤0.001, values between baseline and analyzed group at different time points.
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shown). All experiments were repeated at least 3 times.

Statistical analysis
ADAMTS5 and ADAMTS4 protein expressions were 

calculated by mean levels ± standard deviations (SD) for 
the control teeth and for the tension and compression 
sides of the test teeth, at each interval throughout the 
experiment. 

The Kolmogorov–Smirnov test was used to test the 
normality of the data. Since the data were not normally 
distributed with inhomogeneous variance,  non-
parametric tests were used. The data were analyzed by 
Friedman test to statistically evaluate any significant 
differences in the expression levels of ADAMTS5 and 
ADAMTS4 protein on the compression and tension sides 
during each interval session vs control values. 

The Kruskall Wallis test was applied to determine 
whether there were any significant differences among the 
groups at each time point. Additionally, to identify the 
significance in each pair of groups, multiple comparison 
analyses were also performed; for these multiple 
comparisons,  Bonferroni’s correction was applied, for 
which the alpha significance level 0.050 was divided by 
the number of possible comparisons (three). Thus, the 
new ‘adjusted’ significance level was 0.017. 

The data were crunched by SPSS (version 11.5 for 
Windows SPSS, Chicago, IL) and p<0.05 was considered 
to be statistically significant.

RESULTS

All 32 participants completed the study. During 
the observation period, all the enrolled subjects 
maintained good oral hygiene. There were no 
dropouts throughout the clinical trial. The mean 
movement of the canines toward the second 
premolars was 2.23±0.35 mm.

α-tubulin was used as an internal control for 
protein load (Fig. 1A, lower blot). The ADAMTS5 
and ADAMTS4 GCF levels, recorded for the control 
(group) and compression and tension sides (test 
group) at each interval are shown in Figs. 1 and 2.

The ADAMTS5 GCF levels in the control 
samples were lower compared to the values of both 
sides of the test group (Fig. 1). Compared to the 
baseline, the test group tension sites showed a rapid 

coefficient which predicted a good degree of test-retest 
reliability.

Protein extraction
The proteins were extracted in a buffer containing 

lysis (150 mmol/L NaCl, 50 mmol/L Tris- HCl [pH 7.5], 
5 mmol/L ethylenediaminetetraacetic acid (EDTA), 1 
mmol/L Na3VO4, 30 mmol/L Na pyrophosphate, 50 
mmol/L NaF, 1 acid mmol/L phenyl-methyl- sulfonyl-
fluoride, 5 Ag/mL aprotinin, 2 Ag/mL leupeptin, 1 Ag/
mL pepstatin, 10% glycerol, and 0.2% Triton X-100) and 
subsequently centrifuged in supernatants at 14,000 rpm at 
4°C for 10 min. The protein concentration was determined 
by the Bradford method using BSA as a standard.

Western blot analysis
Western blot analysis was carried out to analyze 

the production of ADAMTS5 and ADAMTS4. Briefly, 
all samples were homogenized in a buffer containing 
T-Per buffer (Thermoscientific, Rockford, IL, USA) 
and a protease inhibitor cocktail (Roche Diagnostics) 
in a Teflon-glass homogenizer followed by sonication. 
The protein concentrations were determined using 
the Bradford method with bovine serum albumin as a 
standard. Sample proteins (30 μg) were diluted in sodium 
dodecyl sulphate protein gel loading solution (Invitrogen, 
Monza, Italy), boiled for 5 min, separated on 4–12% Bis-
tris gel (Invitrogen) and electroblotted onto nitrocellulose 
membranes (Invitrogen). 

The following antibodies were used: rabbit antihuman 
ADAMTS5 (ab41037 abcam, Cambridge, UK) and rabbit 
antihuman ADMTS4 (ab84792, abcam, Cambridge, UK); 
diluted 1:1000 in TBS-T buffer overnight at 4°C and 
α-tubulin (Santa Cruz Biotechnology Inc, Bergheimer, 
Germany; 1:20,000), which was used as a loading control. 
The HRP-conjugated secondary antibody (Santa Cruz 
Biotechnology Inc, Bergheimer, Germany) was diluted 
1:10,000. Nonspecific binding was blocked for 2 h at 
37°C with 5% non-fat dried milk in Tween-Tris-buffered 
saline. All antibodies were prepared in 5% non-fat dried 
milk solution in Tween-Tris-buffered saline. Blots were 
developed using the enhanced chemiluminescence ECL 
technique (GE Healthcare, Milan, Italy) and relative 
band densities were quantified using ImageQuantTL 7.0 
software (GE Healthcare, Milan, Italy). No signal was 
detected when the primary antibody was omitted (data not 
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A middle blot and B). 
Comparing the two sides of the test group, there 

was a higher significant expression of ADAMTS5 
on the compression side at T2, T3 (p<0.001) and T4 
(p<0.05) compared to the tension side (Fig. 1).

ADAMTS4 was constitutively highly expressed in 
GCF compared to ADAMTS5 (Fig. 2 B). ADAMTS4 
levels were more highly expressed in the test group, 
compared to controls, both on the compression and 
tension sides, even though differently. On the tension 

and significant increase in ADAMTS5 protein at T1 
(1 h) (p<0.001) while showing a drastic reduction at 
T2 (4 h) and T3 (24 h) with an applied force (Fig. 
1, A upper blot and B). Even in the test group, on 
the compression side, the GCF expression of the 
ADAMTS5 protein showed significantly increased 
time-dependent levels at T1, T2 and T3 (p<0.001), 
while showing a drastic reduction at T4 and T5. 
Moreover, at T5, the ADAMTS5 levels were similar 
on both test sides and with the control group (Fig. 1, 

Fig. 2.  A) Western blot analyses for ADAMTS4. ADAMTS4 protein level in gingival crevicular fluid (GCF) at: T0, before 
application of the orthodontic force (baseline); T1, 1 hour; T2, 4 hours; T3, 24 hours; T4, 7 days and T5, 21 days after 
exertion of the standardized orthodontic force (upper blot, compression; middle blot, tension). (B) Graph for ADAMTS4. 
T1, 1 hour; T2, 4 hours; T3, 24 hours; T4, 7 days and T5, 21 days after exertion of the standardized orthodontic force. 
Data showed the relative expression (mean ± SEM) of ADAMTS4 protein calculated as arbitrary densitometric units 
(A.D.U.), collected from three independent experiments. Representative immunoblots were obtained using 30 μg of cell 
homogenates for each group. β-Tubulin was used as the loading control in each experiment. 
* p < 0.05 and ** p < 0.01, when compared to the control group. 
 * p≤0.05; ** p≤0.001, values between baseline and analyzed group at different time points.
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Data showed the relative expression (mean ± SEM) of ADAMTS4 protein calculated as arbitrary densitometric units 
(A.D.U.), collected from three independent experiments. Representative immunoblots were obtained using 30 μg of cell 
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expressions of versican and ADAMTS4 and 5 are 
similar, speculating on their participation in alveolar 
bone and PDL remodeling during OTM (7). An 
up-regulation of ADAMTS4 and ADAMTS5 in 
response to applying an orthodontic force suggests a 
potential role for these enzymes being mechanically 
induced early in the ECM remodeling of PDL. Based 
on the results of the present study, we conclude 
that ADAMTS4 and ADAMTS5 are constitutively 
expressed during the early phases of OTM and their 
up-regulation is observed, interestingly, more on the 
tension side than the compression side. Moreover, 
it is essential to identify the changes in these 
biomarkers to better understand how tissue response, 
following the application of an orthodontic force, 
could influence the physiology of tooth movement.
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