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The human body is colonized by a large number of microbes that are collectively referred to as the 
microbiota. They interact with the hosting organism and some do contribute to the physiological maintenance 
of the general good health thru regulation of some metabolic processes while some others are essential 
for the synthesis of vitamins and short-chain fatty acids. The abnormal variation, in the quality and/or 
quantity of individual bacterial species residing in the gastro-intestinal tract, is called “dysmicrobism”. 
The immune system of the host will respond to these changes at the intestinal mucosa level which could lead 
to Inflammatory Bowel Diseases (IBD). This inflammatory immune response could subsequently extend 
to other organs and systems outside the digestive tract such as the thyroid, culminating in thyroiditis. 
The goal of the present study is to review and analyze data reported in the literature about thyroiditis 
associated with inflammatory bowel diseases such as Ulcerative Colitis (UC) and Crohn’s Disease (CD). It 
was reported that similarities of some molecular bacterial components with molecular components of the 
host are considered among the factors causing IBD through an autoimmune reaction which could involve 
other non-immune cell types. The axis dysmicrobism-IBD-autoimmune reaction will be investigated as a 
possible etiopathogenic mechanism to Autoimmune Thyroiditis. If such is the case, then the employment of 
specific probiotic strains may represent a useful approach to moderate the immune system. 
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tolerance to beneficial microbes. Initially, all 
microorganisms trigger an inflammatory process 
by GALT but when a non-pathogenic organism 
is met, the immune system learns to recognize 
it as non-self as well as non-pathogenic, 
and it will stop triggering the same level of 
response. Laboratory studies have shown that 
administration of microorganisms normally 
present in the intestinal flora to germ-free mice 
caused an immune response that led to colitis, 
however, this was resolved in a short time and 
activation of specific genes of the small and large 
intestine was noted (5). This process represents 
the basis of tolerance which is essential for the 
maintenance of a healthy status.

When there is an infection by pathologic 
organisms, the immune inflammatory process 
starts by recognizing some components of 
pathogens presented to the lymphocytes as 
antigen. This leads to selection and multiplication 
of those lymphocyte clones that will be 
responsible to manage the inflammatory process 
in a specific manner. However, sometimes an 
unexpected cross-reaction of the antibodies with 
autologous components happens. This is due to 
the structural analogy of bacterial components 
to self components (6). Consequently, the 
antibodies produced against the antigens will 
recognize self elements as foreign and will attack 
various cells of the body. This process is in fact 
at the basis of the progression of autoimmune 
diseases. In the intestinal tract, inflammatory 
pathologies that are related to dysmicrobism 
and in association with other various factors, 
like genetic factors and food cause alterations 
of the immune system characterized in IBD 
including Crohn’s disease(CD) and Ulcerative 
Colitis (UC) (7). In fact, UC and CD have been 
observed with an altered microbial framework 
somehow specific for each disease. Also certain 
genetic mutations, for example Nod2/CARD15 
(pattern recognition receptor) are involved in 
the loss of the immune tolerance mechanisms 
(8, 9). Children with altered microbial flora have 

The microbiota contributes to the human 
health. Depending on their beneficial or 
harmful activity, there will be either a normal 
physiological or a pathological state (1). The 
maintenance of a balance between the different 
microrganisms inhabiting the gastro-intestinal 
tract is called “homeostasis of microbiota” (2, 3). 
When this equilibrium is disrupted towards the 
more harmful organisms the resulting condition 
takes the name of dysmicrobism. The course of 
any disease will vary depending on the species 
involved. For example, pseudo membranous 
colitis is characterized by the prevalence of C. 
Difficile and in typhoid fever Salmonella Typhi 
prevails (4).

In such situations, the lymphatic system in 
the intestinal mucosa, called Gut Associated 
Lymphatic Tissue (GALT), protects the gut from 
pathogenic microbes. The GALT is represented 
by the ring of Waldeyer at the pharyngeal level 
and Payer’s patches in the small intestine. 
Since the gastrointestinal tract is in direct 
communication with the external environment 
the substantial GALT immune system protects 
the body from external pathogens but also from 
the harmful microbiota. Normally, a physical 
barrier, consisting of enterocytes, separates the 
immune cells from the microbiota, but in case 
of injury to this barrier, resulting from physical 
damage by chemicals or by exotoxins produced 
by bacteria, the microbiota will be in direct 
contact with GALT. Which is then activated 
causing the release of cytokines that lead to 
inflammation. It does this by creating a specific 
immune (adaptive) response and also by a non-
specific response (innate). Even in the absence 
of a direct damage to the mucosa, the immune 
system may also act in an indirect way, thru 
the action of Antigen Presenting Cells (APC) 
that by diapedesis can detect the presence of 
foreign antigens in the lumen and present them 
to lymphoid tissues (5).

The immune system represented by 
GALT has also a positive role by inducing 
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of Hashimoto’s Thyroiditis may involve 
dysmicrobism (Fig. 1). In fact, ulcerative colitis 
has been associated with thyroid dysfunction 
such as Grave’s disease, Hashimoto’s thyroiditis 
and thyrotoxicosis as presented in Table II.

On the other hand, it is well known that colonic 
microbiota contributes to the bioavailability 
of thiamine that is synthesized in the form of 
thiamine pyrophosphate (TPP). The absorption 
of thiamine is regulated by a carrier-mediated 
uptake system for TPP in human cells lining 
the colon, probably controlled by the SLC44A4 
gene (17). The microbiota is able to influence the 
genetic expression of colonocytes and trigger 
an inflammatory process. The role of thiamine 
deficiency in cases of altered microbiota is 
documented in a study conducted on fatigue as 
a disorder related to IBD. It has been observed 
that treatment with high-dose thiamine leads to 
significant benefits (18). Also, although the main 
treatment for patients affected by Hashimoto’s 
thyroiditis is levothyroxine, fatigue symptoms of 
a significant number of subjects did not subside 
despite good control of the thyroid function as 
documented by thyroid tests being in the normal 
range. In these cases, fatigue regressed only after 
the administration of thiamine supplement. It 
has been hypothesized that thiamine deficiency 

a higher incidence of developing IBD during 
adulthood. When an inflammatory situation 
resulting from a non-specific GALT response 
extends to extra-intestinal organs, it will cause 
a systemic inflammatory response leading to 
systemic manifestations of IBD; the reaction 
will affect multiple parts of the whole body (10-
16), as shown in Table I.

Thyroiditis: Is microbiota a triggering factor?
Inflammatory diseases of the thyroid are often 

of idiopathic etiology. Recent articles demonstrate 
that alterations of the intestinal microbiota can 
be associated with some forms of thyroiditis 
characterized by an autoimmune reaction, the 
exact etiopathogenesis of which is still unclear. 
Auto-antibodies formed in the intestine may hit 
directly the thyroid gland and cause immune 
thyroiditis. But also, when the intestinal mucosa 
is inflamed and no longer able to act as a barrier, 
microorganisms can pass into the circulation and 
make contact with the submucosa and with the 
vascular lining. Since some of these bacterial 
components have similarities in structure with 
the host cells, the circulating antibodies in the 
blood will react with the bacterial antigen causing 
inflammation including thyroiditis (10). It is 
reasonable, therefore, that the etiopathogenesis 

Table I. Reported  systemic manifestations of IBD.

Association between IBD and Extra-intestinal manifestations
Authors Extra-intestinal Manifestations
11) Geraci A, Tomasello G, Termine S, Damiani P, Alongi G, Sanfilippo 
A, D’Arienzo M.

Arthritis

12) Shivashankar R, Loftus EV Jr, Tremaine WJ, Harmsen WS, Zins-
meister AR, Matteson EL.

Spondyloarthropathy

13) Calvo P, Pablo L. Ocular manifestations
14) Weizman AV, Huang B, Targan S, Dubinsky M, Fleshner P, Kaur 
M, Ippoliti A, Panikkath D, Vasiliauskas E, Shih D, McGovern 
DP, Melmed GY.

Cutaneous manifestations

15) Alkhateeb H, Said S, Cooper CJ, Elhanafi S, Teleb M, Saifuddin 
F, Mukherjee D, Abbas A, Davis HE 2nd.

Myocarditis

16) Lankarani KB, Sivandzadeh GR, Hassanpour S. Oral manifestations
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detection, Hsp60 and Hsp10 in colonic 
mucosa were found to be high in IBD patients 
localization in epithelial cells of mucosal glands 
and not always in the connective tissue cells 
of the lamina propria (22). It was also noted 
that patients with IBD have increased blood 
levels of specific antibodies to the Hsp60 that 
are cross-reactive with regions of the bacterial 
counterpart Hsp65 (23). In the blood of patients 
with Hashimoto’s thyroiditis, Hsp60 levels were 
increased as compared to controls and they were 
immunolocalized in the thyroid tissue, both in 
thyrocytes and oncocytes (Hurthle cells). It was 
found also that there was a structural similarity 
between regions in Hsp60 molecule with the 
thyroglobulin (TG) and thyroid peroxidase 
(TPO) molecules. Anti-TG and anti-TPO 
antibodies cross-react with Hsp60 (21).

Probiotics: a potential weapon against IBD and 
Hashimoto’s thyroiditis

The complex consortium of microbes that we 
harbor within our gastrointestinal tract are not 
just passive bystanders, rather these organisms 
seem to actively shape our immune system 
responses both inside and outside the intestine.

Butyrate and other compounds derived from 
bacterial fermentation of undigested fibers in the 
intestine reduce significantly the nuclear factor-
kappa B (NF-kB) which is a protein transcription 
factor involved in the control of immune and 
inflammatory responses and is active in a number 
of disease states, including chronic inflammation 
(24). This process diminishes the production of 
pro-inflammatory molecules, interleukin 6 (IL6) 
and tumor-necrosis factor (TNFα), simulated by 
endotoxins, thus decreasing the inflammatory 
response (25).

Also, the great importance of gastro-
intestinal colonization by bacteria has been 
demonstrated in germ-free mice models. The 
latter reported maturation defects in regulatory 
T cells (T-reg) differentiation in the intestinal 
lamina propria, leading to a dysregulation of 

may be a cofactor involved in the chronic fatigue 
accompanying inflammatory  and autoimmune 
conditions (19). The mechanism is probably due 
to a dysfunction of the intracellular transport or 
to enzymatic abnormalities, most likely related 
to the autoimmune process of the disease. 
Conversely, patients with associated UC and 
hyperthyroidism were less responsiveness to UC 
treatment before the control of thyroid function 
(20).

Heat shock proteins (HSP) are stress proteins 
that have a role in protection of cells against 
stress. They and also have been implicated in 
antigen presentation with the role of transferring 
antigenic peptides to the class I and class II 
molecules of the major histocompatibility 
complexes (21). Using immuno-histochemical 

Fig. 1. Intestinal manifastations of IBD; The possible 
mechanism responsible for the induction of thyroiditis 
consequent to IBD inflammatory process.

G. TOMASELLO ET AL.



269

PROOF

Journal of Biological Regulators & Homeostatic Agents

functions by targeting specific pattern-
recognition receptors and pathways producing 
an anti-inflammatory activity (27). This evidence 
is substantiated by the fact that mice treated with 
probiotics show an increase in interleukin 10 
production which is responsible for prevention 
of autoimmune disorders (28). Supplementation 
of the diet with LAB to mice did enhance several 
indices of natural and acquired immunity in 

the normal mechanisms of immunological 
homeostasis. The above mentioned maturation 
defect is reverted after colonization of murine 
intestine by Bacteroides fragilis (26).

There is also evidence that selected lactic 
acid bacterial (LAB) strains induce a certain 
maturation of the dendritic cells (DC) conferring 
protection against induced colitis, and that these 
probiotic-treated DC do stimulate regulatory 

Table II. Clinical cases of subjects affected by IBDs and thyroiditis reported in the literature.

Authors Biochemical and 
immunological 
parameters

Comorbidities

(33) 
Yakut et al., 2011

  Free T3 
(picomol/L) 

Free T4 
(picomol/L) 

TSH 
(micro IU/ml) 

Anti TPO 
(IU/ml) 

  IBD 
(n = 146) 

UC 
(n = 113) 

CD 
(n = 33) 

Control 
(n = 66) 

IBD 4.4 
± 1.27 

14.4 
± 4.01 

2.1 
± 3.6 

14.1 
± 29.1 

Thyroid Disease 14 
(9.5%) 

11 
(9.7%) 

3 
(9.0%) 

1 
(1.5%) 

UC 4.5 
± 1.42 

14.3 
± 4.015 

1.8 
± 2.13 

14.2 
± 30.25 

Hyperthyroidism 5 
(3.4%) 

5 
(4.4%) 

0 
(0%) 

0 
(0%) 

CD 4.3 
± 0.89 

14.46 
± 3.81 

2.7 
± 5.59 

14.07 
± 28.35 

Hypothyroidism 1 
(0.06 %)* 

0 
(0%) 

0 
(0%) 

0 
(0%) 

Control 4.8 
± 0.85 

15.04 
± 2.9 

4 
± 15.3 

22.4 
± 82.6 

Subclinical 
Hypothyroidism 

0 
(0%) 

0 
(0%) 

0 
(0%) 

0 
(0%) 

  Subclinical 
Hyperthyroidism 

5 
(3.4%) 

2 
(1.7%) 

3 
(9.0%) 

0 
(0%) 

Thyroidits 4 
(2.7%) 

4 
(3.5%) 

0 (0%) 1 
(1.5%) 

           
(34) 
Najafi et al., 2012

Free T4 
(picomol/L) 

TSH 
(micro IU/
ml) 

Anti-
Thyroglobulin

Anti TPO (IU/
ml) 

23-month-old 
infant affected by 
UC, Autoimmune 
Hypothyroidism, 
Type 1 Diabetes 
and Autoimmune 
Hepatitis

3.5 6 700 250
(20) 
Modebe 1986

CASE 1) 1) 41-year-
old African 
woman with 
Thyrotoxicosis 
followed by UC
after two years.

T3 resin uptake 
test 

Free T3 
ng/dl

Free T4 
mg/dl

Iodide 
perchlorate 
discharge test

Anti 
Thyroglobulin

39% 318 13 43.50% negative
CASE 2) 2) 38-year-old 

Caucasian 
woman affected 
initially by 
UC which 
evolved into 
Thyrotoxicosis.

Free T3 
ng/dl

T3 resin 
uptake test

Free T4 
mg/dl

    328 44% 15
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of the extra-intestinal manifestations including 
thyroiditis. Therapy could then be directed 
towards correcting homeostasis of the intestinal 
flora. Specific probiotic mixes may then 
contribute to the resolution of dysmicrobism 
and hopefully of the thyroid inflammatory 
pathology.

In conclusion, caution must be exercised 
when choosing a probiotic strain for the 
treatment of auto-immune disorders, including 
thyroiditis, and this should be done with the 
maximum of care.
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role in the etiopathogenesis of IBD as well as 
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Periodontal disease is the most frequent cause of tooth loss among adults. It is defined as a plaque-
induced inflammation of the periodontal tissues that results in a loss of support of the affected teeth. 
This process is characterized by destruction of the periodontal attachment apparatus, increased bone 
resorption with loss of crestal alveolar bone, apical migration of the epithelial attachment, and formation 
of periodontal pockets. Although the presence of periodontal pathogens such as Porphyromonas gingivalis 
is a prerequisite, the progression of periodontal disease is dependent on the host response to pathogenic 
bacteria that colonize the tooth surface. Nowadays, a growing body of literature has accumulated to 
investigate the association between bone diseases, periodontal pathogens and periodontal diseases. 
The integration of pathogen-associated molecular patterns from microorganisms with their surface 
receptors in the immune cells, induces the production of several cytokines and chemokines that present 
either a pro- and/or anti-inflammatory role and the activation of mechanisms of controlling this and the 
related disease, such as osteoporosis and rheumatoid arthritis. This review focuses on the evidence and 
significance of bone host cell invasion by Porphyromonas gingivalis in the pathogenesis of bone disorders, 
as well as the different lines of evidence supporting the role of cytokines in bone diseases.
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Periodontal disease (PD) is a chronic bacterial 
infection that affects the gingiva and bone 
surrounding the teeth; the pathogenesis of human 
periodontitis was placed on a rational footing for the 
first time by Page and Schroeder in 1976 (1). 

The connective tissue of the periodontium is 

separated from the oral cavity by a thin permeable 
junctional epithelium that has remarkable cell and 
fluid dynamics that allow the flow of bacterial toxins 
and inflammatory mediators (2), so the accumulation 
of bacteria in the gingival crevice might trigger an 
inflammatory process, which, if left untreated, 
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thus inhibiting activation of the leukocytes through 
the LPS receptor, thereby facilitating sustained 
colonization of P. gingivalis (9). Moreover, LPS 
can induce in vitro the osteoclast formation directly, 
and also indirectly by the cytokine production from 
gingival fibroblasts (10). 

Although chronic exposure to bacteria and their 
products is a prerequisite for gingival inflammation 
and periodontal tissue destruction to occur, the major 
causative factor of soft- and hard- tissue breakdown 
associated with periodontitis is currently attributed 
to the host’s immune-inflammatory response to 
bacterial challenge. 

Effects of periodontal infection on systemic bone loss
While PDs have historically been deemed to be 

the result of an infectious process, other authors have 
proposed that PD may be an early manifestation of 
osteoporosis (11). The cross-link between these two 
diseases may be the bone-resorptive  process: in fact, 
the diseases have a common denominator, loss of 
bone alveolar in PD and generalized in osteoporosis 
(12-15). Increased local production of cytokines 
associated with PD could rush systemic bone 
resorption by modulating the host response (Fig. 1). 

Pleiotropic cytokine IL-6, produced by 
osteoblasts, may play a key role in this possible 
mechanism, because in normal bone homeostasis, 
IL-6 production stimulates osteoclastic activity 
subsequent in bone resorption, and certain lifestyle 
factors, such as smoking and low calcium intake, 
may impact the risk of developing osteoporosis and 
PD (16). 

Role of RANK-L and related molecules
Nowadays, studies of crevicular fluid (GCF) 

from healthy individuals and patients with chronic 
periodontal disease demonstrated that increases in 
receptor activator of nuclear factor-kappa B ligand 
(RANK-L) mRNA and protein levels in periodontal 
tissues stimulate the differentiation of monocyte-
macrophage precursor cells into osteoclasts and the 
maturation and survival of the osteoclasts, leading 
to alveolar bone loss (17-19). The severity of 
periodontal disease correlates slightly with RANK-L 
and Osteoprogerin (OPG) overexpression and more 
strongly with the RANK-L/OPG ratio (17). 

Studies on humans have demonstrated that 

destroys the periodontium and, eventually, results in 
tooth loss (3).

Spread of inflammation to the adjacent connective 
tissue drives the destruction of connective tissue 
and alveolar bone, that is, the cardinal sign of PD 
(4-5). Currently, an increasing body of literature has 
collected to investigate the cross-link between bone 
diseases and PD, that emerges either with the chronic 
or the aggressive form, and affects a significant 
portion of the population (2-5).

In 1998, Page (6) proposed that periodontitis 
may affect the host’s susceptibility to systemic 
disease in three ways: by shared risk factors, by 
subgingival biofilms acting as reservoirs of gram-
negative bacteria and through the periodontium 
acting as a reservoir of inflammatory mediators. The 
present editorial was conducted to focus on scientific 
published studies that have added to the basic 
knowledge and broader understanding of clinical and 
biological links between bone host cell invasion by a 
specific periodontal pathogen in the pathogenesis of 
the bone, with references to major historical studies 
and topical reviews.

Periodontal etiopathogenesis: the role of 
Porphyromonas gingivalis

The presence of periodontopathogens in the 
gingival sulcus such as Porphyromonas gingivalis 
(P. gingivalis) (7), in addition to genetic and 
environmental aspects seem to increase the 
susceptibility of some individuals to develop  PD  (8). 
This pathogen utilizes a multitude of virulence factors 
to evade host defenses as it establishes itself as one 
of the predominant pathogens in periodontal pockets 
(8). The pathogenic factors of P. gingivalis including 
fimbriae, hemagglutinin, capsule, lipopolysaccharide 
(LPS), outer membrane vesicles, organic metabolites 
such as butyric acid, and various enzymes such as 
Arg- and Lys-gingipains, collagenase, gelatinase and 
hyaluronidase, could contribute to the induction of 
chronic periodontitis in diverse ways (9). In fact, P. 
gingivalis could colonize gingival crevices by the 
fimbriae-mediated adherence to gingival epithelial 
cells, the proteases may have the ability to destroy 
periodontal tissues directly or indirectly, and the LPS 
could elicit a wide variety of inflammatory responses 
of periodontal tissues and alveolar bone loss (8-9).

In PD, gingipains degrade macrophage CD14, 
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and osteoclast-mediated bone resorption has been 
described as “coupling” of bone formation to bone 
resorption (21). 

Periodontium as a cytokine reservoir
Cytokines are regulatory low-weight proteins 

acting as mediators into genesis and control of 
immune and inflammatory response. During 
inflammatory response characteristic of periodontitis, 
proinflammatory cytokines, such as interleukin (IL)-
1 α and β, IL-6, IL-17, tumor necrosis factor (TNF)-α, 
and interferon (INF)-γ can stimulate periodontal 
osteoblasts to express membrane-bound RANK-L 
(22-24). In addition to osteoblasts, RANK-L is 
expressed by a number of other cell types, mainly 
CD4+ T lymphocytes (25), playing a crucial role 
in T cell-mediated bone resorption. Through the 
RANK-L/RANK system, IL-17 may have a role in 
rheumatoid arthritis (RA), PD, and loosening of joint 
prostheses (26, 27). 

IL-1 is a proinflammatory cytokine that plays an 
important role in immune regulation and inflammatory 
processes by inducing expression of many effector 
proteins, e.g. cytokines/chemokines, nitric oxide 
synthetase (NOS) and matrix metalloproteinases 

RANK-L levels in GCF were lower in healthy tissues 
or gingivitis, but increased in periodontitis (18-19) 
and, on the other hand, OPG levels were higher 
in healthy tissues than periodontitis, or gingivitis 
groups (17). Thus, GCF levels of RANK-L and OPG 
were oppositely regulated in periodontitis, but not in 
gingivitis, resulting in an enhanced RANK-L/OPG 
ratio. 

Among the components of the oral flora, some 
organisms such as P. gingivalis may be strong inducers 
of RANK-L expression (18, 19), furthermore, 
P. gingivalis produces a unique class of cysteine 
proteinases termed gingipains that comprises Arg-
gingipain and Lys-gingipain (19).

An amino acid sequence similar to the Arg-
gingipain cysteine proteases may be involved in 
RANK-L production, as P. gingivalis strains carrying 
Lys-gingipain mutations fail to increase RANK-L 
levels (19). In addition, developments in the field 
of osteoimmunology, which examine the crosstalk 
of immune cells and bone, have uncovered a novel 
role for the RANK-L/RANK/OPG system in other 
processes such as in controlling autoimmunity 
or immune responses in the skin (20). The critical 
balance between osteoblast-mediated bone formation 

Fig. 1. The host response. The pathogenetic events in periodontal disease are initiated, conducted and regulated by 
mediators of the acute and chronic inflammatory process produced by gingival resident cells, activated by infiltrating 
lymphocytes, junctional epithelium cells, vascular endothelium, mast cells, bone cells, the complement cascade and 
cytokines system.
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promoter region could modulate this cytokine 
function that acts a fundamental role in the 
pathogenesis of PD, by affecting the susceptibility 
and severity of the affection (31).

The composite IL-1 genotype, known as 
periodontitis-associated genotype (PAG), obtained 
by the combination of the two rare alleles at the 
above-mentioned SNPs, has been extensively 
investigated in respect to the form of PD (chronic 
vs aggressive), smoke, ethnic group, and oral 
microbial pathogens present in the plaque biofilm (P. 
gingivalis) and other periodontal clinical parameters 
related to inflammatory status or to the progression 
of the disease (31, 32).

In a recent study, osteoblasts obtained from 
alveolar bone of PD patients underwent apoptosis 
in the presence of TNF-related apoptosis-inducing 
ligand (TRAIL), by interacting with its death 
receptors, (DR4, DR5) (33). However, its activity 
can be modulated by two decoy receptors, DcR1 and 
DcR2, as a result that, the sensitiveness of TRAIL-
induced apoptosis is determined by the ratio of death 
and decoy receptor (33). Based on studies such as 
these, it can be projected that TNF superfamily, 

(MMPs) (26-28). IL-1 includes two different but 
functionally similar molecules: IL-1α and IL-1β 
(28), genes which are all located on the long arm of 
chromosome 2 (region 2q13–14). IL-1α is mainly 
produced by keratinocytes of junctional epithelium or 
pocket epithelium, is a mediator of local inflammation 
and regulates intracellular event, instead IL-1β is 
primarily produced by activated macrophages and 
fibroblasts that release this extracellular protein (29). 
IL-1 upregulates complement system, Fc-receptor 
on polymorphonuclear neutrophils and monocytes, 
the expression of adhesion molecules upon fibroblast 
and leukocytes and induces the expression of homing 
receptors into the extracellular matrix for leukocytes 
and bone resorption by stimulating the proliferation 
and differentiation of osteoclast progenitors and 
activating formed osteoclast indirectly (28, 29).

Excessive and/or dysregulated activity of these 
mediators is associated with tissue destruction and 
therefore the synthesis, secretion and biological 
activity of IL-1 cytokines have been identified 
as therapeutic targets for common inflammatory 
disorders such as RA, diabetes and PD (30). Single 
nucleotide polymorphisms (SNPs) in the IL-1 

Fig. 2. Citrullination: changes in secondary and tertiary conformation of proteins, neoepitopes formed.
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be formed even as a side product when nitric oxide 
(NO) is generated from arginine by NO-synthetase 
(NOS) (32, 34). 

In the oral cavity, nitrate is reduced to nitrite by 
nitrate-reducing bacteria (71) and nitrite is reduced 
to NO by nitrite-reducing bacteria (34). Additionally, 
in the oral cavity, two peroxidases are present; one is 
salivary peroxidase that is derived from saliva and 
the other is myeloperoxidase that is derived from 
leukocytes migrated into the oral cavity, so in this 
way, the formation of nitrite and NO by oral bacteria 
results in the production of reactive nitrogen oxide 
species (RNOS) by various reactions (34). Taking 
this mechanism into consideration, the decrease in 
pH in the oral cavity results in the injury of oral 
tissue cells. 

There is a higher salivary arginase activity in 
periodontitis patients compared to healthy controls; 
in fact, the increased salivary arginase activity in 
periodontitis, perhaps causing a decrease in NO 
synthesis, also leads to a decrease in the antibacterial 
property of saliva and causes periodontal tissues 
to become more susceptible to existing pathogens 

and in particular TRAIL, plays a role in controlling 
the expression of the cytokines that stimulate bone 
resorption during PD.

Inflammatory cytokines, IL-6 and INF-γ were 
considered as mediators of periodontal destruction 
because mononuclear cells and T cells extracted from 
periodontitis patients expressed more INF-γ and IL-6 
compared to their peripheral blood counterparts from 
healthy controls (31-33).

Rheumatoid arthritis and citrullination : a link with 
Porphyromonas gingivalis

As reported to date, inflammation is clearly a 
central component of many chronic diseases. 

Post-translational modifications such as 
phosphorylation, glycosylation and citrullination 
are very common processes that can increase the 
morphological and the functional diversity of the 
proteome, modifying  a specific part of an amico acid 
after its synthesis.

Citrulline formation depends on the conversion 
of arginine catalyzed by peptidylarginine deiminase 
(PAD)  enzymes (Fig. 2) (32). However, citrulline can 

Fig. 3. Crosslink between PAD and RA. Consistent associations between PAD and antibody responses against citrullinated 
peptides in the pathogenesis of RA. In RA patients, PD is a strong predictor of anti-CCP antibodies.
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from this point of view, is possible to wonder about 
the presence of anti-CCP antibodies in PD. 

DISCUSSION

There is a growing appreciation in international 
scientific literature of oral bacteria interactions, 
and their effects alone and in concert emphasizes 
the complex interplay among different species in 
amplifying local inflammatory and immunoregulatory 
pathways. Throughout the microbial world, there 
are strain differences within a species and these 
differences sometimes influence virulence. 

The results of a recent study of bacterial 
species showed a potential synergistic partnership 
between Aggregatibacter actinomycetemcomitans 
(A. actinomycetemcomitans), Filifactor alocis 
(F. alocis), and Streptococcus parasanguinis (S. 
parasanguinis) which are key members of localized 
aggressive periodontitis (LAP), as this consortium 

(32, 34). Elevated NO production is a reflection of 
an immune-activated state in which inflammatory 
cytokines and other mediators have up-regulated 
inducible nitric oxide synthase (iNOS ) (34).

The anti–Cyclic Citrullinated Peptide Antibodies 
(anti-CCP) are produced locally in the inflamed 
synovium of Rheumatoid arthritis (RA) patients 
(Fig. 3), suggesting that citrullinated proteins are 
located in the inflamed synovium (32). This has 
led to speculation that individuals predisposed to 
PD are exposed to citrullinated antigens that, in 
the proinflammatory context of PD associated to 
P. gingivalis PAD, become systemic immunogens 
(Fig. 4). In fact, P. gingivalis possesses that unique 
microbial enzyme, PAD, the human equivalent of 
which has been identified as a susceptibility factor 
for RA, and its proliferation depends on secretion 
of PAD (32). PAD catalyzes the deamination of 
peptidylarginine residues of various peptides to 
produce peptidylcitrulline and ammonia therefore, 

Fig. 4. P. gingivalis has endogenous PAD. Hypothesized release of NH3+ leads to buffering of crevicular fluid and 
enhances organism evasion of host defense thus serving as virulence factor.

A. BALLINI ET AL.
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are both multifactorial, chronic diseases, and their 
complex etiologies and pathogenesis themselves 
remain incompletely understood.

According to the evidence-based dentistry (36), 
researchers and clinicians are directed to therapeutic 
approaches that actually represent the gold standard 
in PD treatment, such as laser applications (37), 
bone substitutes (38, 39), and the new emerging field 
of stem cells from oral tissues (40).

As is evident from the studies in international 
scientific literature that continue to emerge, a 
multidisciplinary collaboration is necessary to 
fully understand the relationships between the host 
response resulting from periodontal pathogens in 
the pathogenesis of the bone, as well as the different 
lines of evidence supporting the role of periodontal 
bacteria in bone diseases.

CONCLUSIONS

Nowadays, periodontics has evolved from a 
simplistic model to a more complex interplay 
between infection and host response, because 
genetic factors are a new addition to the list of risk 
factors for periodontal and related systemic diseases. 
The association between oral and systemic health 
has highlighted the importance of periodontal health 
and treatment, with the consequence that dental 
assessment and attention to oral hygiene assume 
an increasingly important part for the clinical 
management of patients with osteoporosis and 
rheumatoid arthritis. 

Together with patient education, these factors 
improve the probability of patient treatment 
acceptance, which will improve oral and systemic 
health. Thus, although many studies have been 
conducted to understand this process, many 
questions still need to be clarified in order to 
utilize this knowledge in the comprehension of the 
development of PD.
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Vitamin B1 (thiamin) is considered to be the oldest vitamin and in 1936 R.R. Williams and colleagues 
determined its chemical structure and were able to synthesize this vitamin. Vitamin B1 influences 
pro-apoptotic proteins, mitochondrial membrane potential, cytochrome C release, protein kinases, 
p38-MAPK, suppresses oxidative stress-induced NF-kappaB and has anti-inflammatory properties. 
Deficiency of vitamin B1 may cause beriberi, dysfunction of the nervous system, neuroinflammation, 
T cell infiltration, chemokine CCL2 activation, over expression of proinflammatory cytokines, such as 
IL-1, TNF, IL-6, and arachidonic acid products, and induces expression of CD40 by the microglia and 
CD40L by astrocytes which provoke the death of neurons. Here we report the relationship between 
vitamin B complex and immunity.
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Vitamins originate primarily in plant tissue and 
are present in animal tissue only as a consequence of 
consumption of plants. The existence of vitamins was 
not recognized until about the start of the twentieth 
century and in 1935-1937 it was reported that cobalt, 
the central ion in vitamin B12 is a dietary essential 
for many vital functions.

VITAMIN B

Grains, including breads cereals and rice, are the 
primary source of the B vitamins and also provide 

fiber, along with such minerals as iron, potassium, 
zinc, copper and selenium. Vitamin B is present in 
legumes, leafy green vegetables, and certain fruits. 

Vitamin B1 (thiamin)
Vitamin B1 (thiamin), a component of the vitamin 

B complex, was discovered in the 1930s. However, 
long before that time (1880s, K. Takaki) it was 
noted that the rice-eating people of Asia or people 
consuming white flour in Europe were deprived of 
this vitamin, and the incidence of beriberi, which 
is characterized by  numbness, muscle weakness, 
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mitochondrial enzymes causing a selective neuronal 
death. Moreover, vitamin B1-deficiency induces 
expression of CD40 by the microglia and CD40L by 
astrocyte CD40–CD40L interaction that promotes 
neuronal death (2).

Furthermore, authors reported that vitamin B1-
deficiency in the brain induces an over expression 
of pro-inflammatory mediators such as IL-1, IL-6, 
COX-2, and tumour necrosis factor (TNF) which 
also cause selective neuronal cell death (3).

Vitamin B2 (riboflavin)
Vitamin B2 (riboflavin) was the first growth factor 

to be characterized from the remaining B-complex 
vitamins. This vitamin is present in all plants and 
animals, is necessary for the metabolism of cells 
and is essential for the utilization of carbohydrates, 
protein and fat. Animals and humans are unable to 
synthesize riboflavin and its deficiency is manifested 
as fissure at the angle of mouth and there is a complete 
eradication after treatment with riboflavin therapy. 

Vitamin B2 is a neuroactive compound with 
immunomodulatory effects and its deficiency 
contributes toward a pro-inflammatory gene 
expression pattern. The amount of inflammatory 
cytokines/chemokines are increased in inflamed 
tissues in both human and experimental animals.  
In addition, riboflavin produces a protective effect 
against CCL4-induced liver damage, mediated by 
TNF, in experimental animal model, suggesting that 
riboflavin may be used as a hepato-protective agent 
against toxic effects caused by chemical agents in 
the liver (4).

Results from in vitro studies suggest that Hcy, 
at pathophysiological concentrations, stimulates 
chemokine expression in vascular cells. 

Chemokines are cytokines that stimulate leukocyte 
movement and regulate their migration in the tissue 
(5-6). Monocyte chemoattractant protein-1 (MCP-1) 
is a potent chemokine that stimulates migration of 
monocytes into the tissues. Some authors (7) indicate 
that folic acid supplementation can not only reduce 
MCP-1 released from both plasma and PBMCs 
of rats with hyperhomocystinemia but can also 
downgrade MCP-1 expression in the aorta of rats 
with hyperhomocystinemia. However, other authors 
reported that in patients with cardiac problems there 
is no statistically significant association between 

loss of appetite and disorders of the nervous system, 
rose to an epidemic level. It was the first water–
soluble vitamin to be discovered and therefore is 
considered the oldest vitamin. Thiamin, like other 
B-complex vitamins, acts as a biological catalyst, 
or coenzyme and is a cofactor of key enzymes in 
glucose metabolism. It is well known and has been 
extensively studied that thiamin as a coenzyme 
participates in the production of energy for the 
body, maintains a constant temperature, is involved 
in the synthesis of fat and protein metabolism and 
is important for the functions of the nervous and 
immune systems.  

Chemically, thiamin consists of a molecule of 
pyrimidine and a molecule of thiazole linked by 
methylene bridge. Thiamin phosphorylation can take 
place in most tissue, but particularly in the liver. The 
most important function of thiamin in the cell is as 
the coenzyme cocarboxylase or thiamin triphosphate.

Vitamin B1 prevents  the expression of the Bcl-2 
family of pro-apoptotic proteins, caspase-3 activation, 
and poly-(ADP-ribose) polymerase (PARP) cleavage. 
It alters mitochondrial membrane potential, release 
of cytochrome C, apoptosis-inducing factor and 
phosphorylation and subsequently the activation of 
p38-MAPK, stress-activated kinases (SAPK/JNK), 
protein kinase C, and cytoplasmic phospholipase A2. 
Acting on macrophages, vitamin B1 has a potential 
anti-inflammatory effect and suppresses oxidative 
stress-induced NF-kappaB activation.

Deficiency of thiamin may provoke an abnormal 
function of heart and circulatory system leading to 
heart failure, impairment of oxidative metabolism, 
and immune dysfunctions. Supplementation of 
thiamin is recommended in stress and fatigue 
providing instant energy. Its deficiency in the nervous 
system may impair its ability to synthesize fatty acid 
and cholesterol, necessary for membrane integrity 
and function, inducing damage of the central 
nervous system (CNS) and neuroinflammation. In 
fact, it has been reported that thiamine deficiency 
in experimental autoimmune encephalomyelitis 
promotes the involvement of CCL2 (1), which 
regulates the migration and activation of monocytes, 
T cells, NK cells, and basophils and is involved in 
experimental autoimmune encephalomyelitis (EAE). 
In addition, the deficiency of vitamin B1 provokes 
the reduction of activities of the thiamine-dependent 
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thymic necrosis and adrenal necrosis.  Vitamin B3 
is the common name for precursors of the universal 
cofactor nicotinamide adenine dinucleotide (NAD+). 
High doses of vitamin B3 may play an important role 
in increasing the number of  neutrophils in healthy 
experimental animal model under steady state, and 
the mechanism may be dependent on intracellular 
nicotinamide phosphoribosyltransferase- NAD+- 
silencing of sirtuin 1  (SIRT1) signaling pathways.

Vitamin B4
Vitamin B4 is believed to be a mixture of 

arginine, glycine, riboflavin and pyridoxine and has 
unconfirmed activity preventing muscular weakness 
in experimental animal model.

Vitamin B5
Vitamin B5 probably is a niacin and has 

unconfirmed growth activity in experimental animal 
model. 

Vitamin B6 (pyridoxine)
In 1934, Szent-Gyorgy named a factor that could 

cure dermatitis in young rats, vitamin B6.
Vitamin B6 is a water-soluble vitamin, refers to 

a group of three molecules: pyridoxine (pyridoxol), 
pyridoxal and pyridoxamine. Pyridoxal 5′-phosphate 
is the metabolically active form of vitamin B6.

Piridoxine is the prominent form in plants, 
whereas pyridoxal and pyridoxamine are the forms 
found in animal products. 

 This vitamin functions in protein metabolism and 
the requirement is related to the amount of protein 
eaten and is essential for normal growth, development, 
and cellular metabolism. In addition, it is involved 
in the metabolism of fats and carbohydrates and 
is well tolerated at high doses. Some studies have 
shown that vitamin B6 deficiency may occur in 
pregnant women, elderly adults, alcohol abusers, 
and people with disorders such as kidney disease and 
Down syndrome.  Vitamin B6 deficiency provokes 
pellagra, described by Goldberger and Lillie in 1926, 
and is an important nutrient that may protect against 
several diseases such as atherosclerosis, diabetes and 
may influence cancer cell development since it has 
been shown that this vitamin decreases in patients 
affected by tumor.

Experimental human and animal model indicate 

treatment with folic acid/vitamin B12 and levels of 
MCP-1 (8).

Riboflavin treatment at high doses (200 and 400 
μmol/L) enhances lung cancer cell proliferation, 
invasion, and migration in cell lines in vitro, 
via activating FAK, p-38 MAPK, NF-κB p50, 
upregulating fibronectin, ICAM-1, MMP-2, and 
MMP-9, and increasing inflammatory cytokines (9).

Niacin (nicotinic acid)
Niacin (nicotinic acid), another B-complex 

vitamin, has an important role in several relevant 
reactions in the body; for this, it is metabolized to 
the coenzymes nicotinamide adenine dinucleotide 
(NAD+) and nicotinamide adenine dinucleotide 
phosphate (NADP+). NAD is associated with a 
number of inflammatory cytokines such as TNF, 
IL-1β, and IL-6. Niacin has important modulatory 
effects on the production of inflammatory mediators, 
and the migration of immune cells. Therefore it has 
an anti-inflammatory effect even if its effects have not 
been fully understood. It inhibits CXC chemokine, 
the induction of CXCL-8/IL-8, lipid mediator 
leukotriene (LT)B4-induced neutrophil migration in 
mice and neutrophil rolling and adherence (10).

Niacin, an amide of vitamin B3, reduces the levels 
of TNF-α, IL-6 and IL-1β in stimulated alveolar 
macrophages and inhibits NF-κB activation through 
the blocking of phosphorylation of NF-κB p65 and 
IκBα (11).

Niacinamide has antipruritic, antimicrobial, 
vasoactive, photo-protective, sebostatic and 
lightening effects, depending on its concentration.

These results support evidence of a role for niacin 
in the control of inflammation and immunity.

Vitamin B3(panthotenic acid, niacinamide)
Panthotenic acid, formerly called vitamin B3, is 

a part of Coenzyme A which mediates the release of 
energy from carbohydrates, fat and proteins, is an 
essential vitamin in the human diet and influences 
oxidative stress. Its deficiency is not likely to occur 
when people eat balanced diets consisting of a variety 
of foods, however its deficiency may cause the 
development of pellagra. It occurs in all living cells 
and its deficiency provokes insomnia, leg cramps or 
burning feet, reduced growth and food utilization, 
scaly dermatitis, alopecia, fatty liver degeneration, 
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could be a neuropathy, with detriment in myelin by 
increasing TNF and decreasing epidermal growth 
factor (EGF) levels, affecting  morphologically and 
functionally  the central and peripheral nervous 
system in experimental animal model. In addition, 
vitamin B12 deficiency increases the levels of some 
cytokines and growth factors [e.g., TNF-α and nerve 
growth factor (NGF)] and decreases the levels of 
others [e.g., epidermal growth factor (EGF) and IL-
6] in the rat CNS (14). Excess TNF-α (15) and NGF 
(16) damages myelin, and decreased levels of EGF 
reduce its myelinotrophic effect. 

Cobalamin-deficiency induces imbalance in 
the cytokine and growth factor network in CNS. It 
has been reported that nuclear factor-κB activity is 
down-regulated by cobalamin with decreases of TNF 
and NGF and an increase of epidermal growth factor 
(EGF) and IL-6, and promotes neurite outgrowth and 
neuronal survival by increasing Erk1/2 and Akt (17).

Moreover, vitamin B12 supplementation may 
significantly improve sustained viral response rates 
in hepatitis C virus-infected patients and might be 
beneficial in the treatment of virus-related chronic 
diseases (18).

Vitamin B-T (carnitine)
Vitamin B-T (carnitine) plays a role in fat and 

energy metabolism in the body and is useful for 
people with heart diseases (19).

It has been found that L-C14-carnitine promoted 
IL-8 secretion from human epithelial cells lacking 
Toll-like receptors 2 and 4, and thus, acylcarnitines 
have the potential to activate inflammation, but the 
specific molecular and tissue target(s) involved still 
remain unknown (19).

Biotin
Biotin is another compound of vitamin B 

complex, and functions metabolically as a coenzyme 
for carboxylase to which it is bound by C-2 of its 
thiophene ring via an amid bond. Biotin functions as a 
mobile carboxyl carrier in four carboxylase enzymes 
and has important functions in the metabolism of 
lipids, glucose and energy. Deficiencies of biotin 
usually manifest as dermatologic lesions such as 
seborrheic dermatitis, alopecia and achromotrichia. 
In addition, it is also involved in decrease of growth 
and appetite, skeletal (perosis) and hepatic steatosis.  

that vitamin B6 deficiency influences both innate and 
adaptive immunity, and decreased number, function, 
and proliferation of  immune cells, including T 
lymphocytes, have been reported by several authors. 
In addition, inhibition of cytokine/chemokine release 
has been found in vitamin B6-depleted subjects. 

Low levels of pyridoxal 5′phosphate (PLP) 
which is the most commonly used serum marker of 
vitamin B6 status, have been linked to conditions 
associated with inflammation, such as rheumatoid 
arthritis, metabolic syndrome and cardiovascular 
diseases. These effects suggest that vitamin B6 is 
an important factor which may exert its effects on 
activation of IFN-gamma which mediates cellular 
immune activation (12).

Vitamin B7
Vitamin B7, also called vitamin I, is a mixture 

which is believed to serve as a factor for promoting 
digestion.

Vitamin B12 (cobalamin/cyanocobalamin)
Cyanocobalamin is the trivial designation of the 

vitamin B12-active corrinoid with a cyano-ligand at 
the beta position of Co atom, that prevents pernicious 
anemia and promotes body growth.

The deficiency of this vitamin in the body slows 
down the production of red blood cells, causing 
anemia. Vitamin B12 is a vitamin B family member, 
which has been found to have  an important antagonist 
effect on developmental toxicity, teratogenesis and 
anemia. It also helps the body use folate which is a 
family of B vitamin compounds. Pernicious anemia 
which is usually an inherited disease is treated with 
vitamin B12 to improve the symptoms. 

Folate deficiency may occur with decreased 
intestinal folate absorption and provoke 
megaloblastic anemia, failure to thrive and infections. 
Persons with this deficiency can develop severe 
neurodevelopmental defects due to the decreased 
folate transport into the central nervous system. The 
patients may show a combined immunodeficiency 
with an impaired T-cell proliferation response, pan-
hypogammaglobulinemia, and an imbalanced pro-
inflammatory cytokine profile.  After folate therapy, 
these effects can be reversed and total immunological 
recovery achieved (13).

When chronic cobalamin deficiency occurs, there 
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Med 2012; 272(6):583-91.

13.	 Kishimoto K, Kobayashi R, Sano H, et al. Impact 
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Immunol 2014; 153(1):17-22.

14.	 Scalabrino G, Veber D. Cobalamin and normal 
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Some authors found that biotin administration to 
biotin-deficient rats increases the synthesis rates of 
protein  rRNA and mRNA in vitro, and the abundance 
of mRNA encoding holocarboxylase synthetase 
decreases significantly in liver, kidney, and muscle 
(20).

To date, many laboratory and clinical data 
indicated that biotin has an essential role in immune 
function. Biotin administration in experimental 
animals revealed a decrease of IL-2 and IL-1 beta, 
two important pro-inflammatory cytokines, and the 
expression of genes encoding both IL-2 and IL-2 
receptor γ depends on biotin. However, these results 
contrast with those of other authors. Supplementation 
of biotin also provokes decreased expression of the 
gene encoding IL-4. In contrast the expression of the 
genes encoding IL-1β and interferon-γ increased. 
These effects candidate biotin as an immune 
regulatory vitamin (21).

Taken together, our observations suggest that 
vitamins A and B may regulate cytokine/chemokine 
generation, and mediate the interaction with immune 
cells involved in pathophysiological pathways 
and inflammation.  Our studies also provide an 
innovative basis for novel therapeutic strategies in 
immunocompromised individuals, and in several 
cases vitamin supplementation could be beneficial 
in the treatment of inflammatory diseases. However, 
the mechanism by which these vitamin protective 
effects occur is still unclear.
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Photoperiod is considered the most important factor entraining the circannual physiological 
rhythms through changing circadian patterns of melatonin (MEL) secretion from the pineal gland. 
The pineal gland of mammals does not respond directly to light but is controlled by light via neuronal 
phototransduction originating in the retina. In accordance with humoral phototransduction hypothesis, 
the aim of this study was to determine whether an increased concentration of CO, as a carrier of a 
light signal in pineal cell culture, affects the synthesis of melatonin. This study demonstrates that a 
commonly used carbon monoxide donor (CORM-2) markedly stimulated melatonin release from pineal 
cells incubated in vitro in a time-dependent manner, but the mechanism whereby CO modulates MEL 
release needs to be further explored.
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The mammalian pineal gland is a component of 
the photoneuroendocrine system and is involved 
in the regulation of circadian rhythms through the 
nocturnal synthesis of melatonin. The major cellular 
components of the pineal gland are the pinealocytes 
but there are also interstitial cells present. The 
pinealocytes are the neuroendocrine cells responsible 
for synthesis of melatonin, the darkness hormone 
secreted into the bloodstream. Melatonin (N-acetyl-
5-methoxytryptamine) is produced by pineal gland 
and released in the circulation in a circadian manner. 
Its highest concentration occurs during the night 
due to nocturnal gene transcription and increase of 
the enzyme arylalkylamine -N-acetyltransferase 
(AA-NAT) activity, stimulated by induction of 

beta-adrenoceptors via noradrenaline activation (1-
2). Light suppression of MEL production, whether 
during natural daytime or during interventional 
nocturnal exposure, is considered to be mediated by 
changing levels of AA-NAT (3-4). Melatonin exerts 
its influence on many physiological functions, such 
as the sleep-wake cycle (5), and the entrainment 
of circadian (6) and reproductive (7) rhythms. 
Photoperiod is considered the most important factor 
entraining the circannual physiological rhythms 
through changing circadian patterns of melatonin 
secretion from pineal gland (8). Few studies have 
conclusively demonstrated the existence of seasonal 
changes in melatonin rhythmicity in the domestic 
pig (9-10). 
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in DMEM supplemented with 7.5% fetal calf serum, 
7.5% horse serum, 100U/mL penicillin and 100µg/mL 
streptomycin to a final concentration of 0.5 x 105 cells/
mL. The total number of cells and survival was estimated 
by Trypan blue exclusion. The survival rate was 90% or 
higher. Cells were cultivated in 25cm2 culture flasks at 
37°C in 5% CO2/95% air for 24 h. After 24 h, the cells 
in suspension were predominantly pinealocytes, which 
were separated after the removal of all the culture medium 
content. The cells were centrifuged and resuspended 
in DMEM at a concentration of 0.5 x 105 cells/mL, 
transferred to a 6-well plate (2 mL per well), and kept at 
37°C in 5% CO2/95% air for 18 h prior to the CORM-
2 treatment. For melatonin determination in the culture 
medium, the cells were stimulated with CORM-2 (25 and 
50 µM) for 24 and 48 h.

Determination of melatonin content 
Melatonin content in culture medium was determined 

by high performance liquid chromatography (HPLC) 
with electrochemical detection using Chromeleon 
Chromatography Data System 6.8 software. Melatonin 
was separated on a Resolve C18 column (5 µm, 250 x 
4.6 mm). The chromatographic system was isocratically 
operated with the following mobile phase: 50 mM sodium 
acetate, 0.1 M acetic acid and 0.1 mM EDTA, pH 5, at 
a flow rate of 1mL/min. The elution for melatonin was 
approximately 10 min. Culture medium was filtered 
through a syringe filter (0.4 µm). After centrifugation 
(2 min, 13,000g) 20 µl of the supernatant was injected 
into the chromatographic system (Dionex UltiMate 3000, 
equipped with an electrochemical coulometric detector, 
ESA CoulArray). All the salts and reagents used were 
obtained from Sigma-Aldrich.

RNA extraction and RT-PCR
Total RNA was extracted from isolated pinealocytes 

using Total RNA kit (A&A Biotechnology, Gdansk, 
Poland) according to the manufacturer’s instructions. RNA 
integrity was checked by 2% agarose gel electrophoresis. 
The quality was expressed as the absorbance ratios at 
260:280 nm and the amount of RNA in the sample was 
measured using a Nano Drop (Thermo, Fisher Scientific 
Inc., Waltham, MA, USA). cDNA synthesis was performed 
using High Capacity cDNA Reverse Transcription kit 
(Applied Biosystems) from 1 µg of total RNA.

Real-time PCR 
Messenger RNA (mRNA) levels of Hiomt and 

Aanat were determined by real-time quantitative PCR 
using the SybrGreen method (Power SybrGreen Mix, 
Applied Biosystems). Oligonucleotide primer pairs were 
constructed based on the GenBank using Primer3 software. 

The pineal gland of mammals, in contrast to lower 
vertebrates, does not respond directly to light but is 
controlled by light via neuronal phototransduction 
originating in the retina. This signal passes through 
the optic nerve and is processed by the hypothalamic 
circadian pacemakers: the suprachiasmiatic nuclei 
(SCN) (11). In 1996, D.A. Oren, presented his 
hypothesis of “humoral phototransduction” of the 
light signal which proposed that information of light 
intensity can be transmitted from the retina to the 
central nervous system, not only by the generally 
accepted neuronal pathway, but by carbon monoxide 
and nitric oxide via a humoral pathway (12). Carbon 
monoxide is formed during heme degradation by 
the microsomal enzyme heme oxygenase (HO). 
The expression of the HO system and ability to 
produce CO have been demonstrated in various 
animal organs, including eye (13-14). In addition, 
the induction of HO-1 by intense visible light was 
demonstrated in the retina in rats (15). CO as a 
neurotransmitter in the brain operates in a similar 
way as proposed for nitric oxide (16). CO and NO are 
known as gaseous transmitters produced exclusively 
for local regulation, however, there is evidence that 
they do not participate only in local regulation (17). 
Prior results indicate that the gaseous messenger 
CO is released from the eye into ophthalmic venous 
blood depending on the intensity of sunlight (18). 
These results are consistent with the “humoral 
phototransduction” model which predicts that the 
released CO is directly transferred into the area of 
cavernous sinus from the eye venous outflow into the 
arterial blood supplying the brain (12). 

This study was designed to determine whether an 
increased concentration of CO in pineal cell culture 
affects the synthesis of MEL and therefore, whether 
CO released from the eye under ambient light can 
be a carrier of a light signal, a form of humoral 
phototransduction. 

MATERIALS AND METHODS

Isolated pinealocyte culture
Pinealocytes were obtained by trypsin digestion. The 

glands were removed and immediately placed in ice-cold 
Dulbecco’s Modified Eagle Medium (DMEM). The tissue 
was incubated at 37°C for 15 min in trypsin (0.25%) 
solution. After removal of trypsin and its blockage, the 
cells were mechanically dispersed and resuspended 
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synthesis in pineal cells (Fig. 1). 
Expression of the enzymes AANAT and HIOMT 

responsible for the generation of melatonin was 
detected in pineal cell cultures. Twenty-four-hour 
incubation with 25 µM CORM-2 was responsible 
for an almost two-fold increase in melatonin content 
(P≤0.001), whereas 50 µM CORM-2 increased the 
release of the MEL almost three-fold (P≤0.001). 
Twenty-four-hour incubation with CO donor had no 
effect on Aanat gene expression in relation to control 
cells (Fig. 2).

Also a difference in Hiomt mRNA was observed; 
Hiomt mRNA level increased after 24-h incubation 
with 25 µM CORM-2 (P≤0.001) but significantly 
decreased (P≤0.001) after incubation with 50 µM 
used CO donor (Fig. 3). Forty-eight-hour incubation 
with CORM-2 affected increases of Hiomt mRNA 
level, in case of 25 µM CORM-2 almost six-fold 
(P≤0.01) and 50 µM CORM-2 almost two and a 
half-fold (P≤0.05) in relation to the control culture 
(Fig. 3).

DISCUSSION

The present study demonstrates that CORM-2, a 
commonly used carbon monoxide donor, markedly 
stimulated melatonin release from pineal cells 
incubated in vitro in a time-dependent manner. 
Melatonin release from pineal cells was independent 

The sequences of the primers are as follows: HIOMT 
forward primers, 5’-CATGGTGTCCCAGGTTCTCT-3’; 
HIOMT reverse primer,  
5 ’ - C A G C T T C A G G G A C A C A C A G A - 3 ’ ; 
AANAT forward primer,  
5 ’ - T G G A T G T G A C C A G C C A T A G A - 3 ’ ; 
AANAT reverse primer,  
5’-TGGAACAGCTTGCTTCATTG-3’. The result 
for the genes were analyzed on the StepOne Plus 
System (Applied Biosystems) and normalized against 
the housekeeping gene - glyceraldehyde-3-phosphate 
dehydrogenase (19) (GAPDH forward primer, 5’- 
CGTCCCTGAGACACGATGGT-3’; GAPDH reverse 
primer 5’- CCCGATGCGGCCAAAT-3’).

RESULTS

In pineal cell cultures, carbon monoxide 
stimulated melatonin release in a time-dependent 
manner. As shown in Fig. 1, in pinealocyte cultures, 
25 µM and 50 µM CORM-2 (P≤0.5), a commonly 
used CO donor, significantly increased the release 
of melatonin.  25 µM CORM-2 was responsible 
for increase of melatonin production after 48 h of 
incubation from 0.094±0.01 to 0.134±0.02 pg/106 
cells (P≤0.05), and 50 µM CORM-2 significantly 
increased melatonin content from 0.094±0.01 to 
0.177±0.06  pg/106 cells (P≤0.01) without any loss 
in cell viability (data not shown). Twenty-four-hour 
incubation with CORM-2 had no effect on melatonin 

Fig. 1. Concentration of melatonin in pig pineal cell culture medium after 24 and 48 hours of incubation with CORM-2 
in 25 µM and 50 µM concentrations. Data are shown as mean ± SEM, *P≤0.05, **P≤0.01.
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synthesis pathway enzyme arylalkylamine 
N-acetyltransferase (AANAT), with parallel 
changes in systemic melatonin levels (Romerowicz-
Misielak et al., unpublished observation). A study 
by Gilun et al. performed on an identical animal 
model has shown that CO can affect the clock gene 
expression. Elevated concentration of CO in OphVB 
influenced the expression level of the clock gene 
in the preoptic area and dorsal hypothalamus. The 
experimental animals after CO treatment had their 
master clock machinery deregulated which could 

of transcription of arylalkylamine N-acetyltransferase 
AANAT. Studies in the pineal gland indicate that 
there is a highly conserved relationship between 
melatonin synthesis and AANAT activity when 
hydroxyindole O-methyltransferase (HIOMT) is 
present (20).  The mechanism whereby CO modulates 
MEL release is unclear. Our recent in vivo research 
on the wild boar and domestic pig crossbreed 
demonstrated that changes in CO concentration in 
the ophthalmic venous blood (OphVB) could have 
an impact on the protein levels of the melatonin 

Fig. 2. Changes in Aanat gene expression in pineal cells in vitro after 24 hours and 48 hours of incubation in the presence 
of CORM-2 in 25 µM and 50 µM concentrations. Data are shown as the mean ± SEM, ***P≤0.001.

Fig. 3. Changes in Hiomt gene expression in pineal cells in vitro after 24 hours and 48 hours of incubation in the presence 
of CORM-2 in 25 µM and 50 µM concentrations. Data are shown as the mean ± SEM, *P≤0.05, **P≤0.01, ***P≤0.001.

M. ROMEROWICZ-MISIELAK ET AL.
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The cytoprotective and, in particular, anti-
apoptotic role of CO is widely described in the 
airways and cardiovascular system (34). In the central 
nervous system (CNS), low concentrations of CO 
suppress neuroinflammation in a model of multiple 
sclerosis (35). In primary cultures of neurons and 
astrocytes, CO prevents apoptosis (36). In an adult 
model of cerebral ischemia, brain lesions were less 
marked in CO-pre-treated animals (37). However, 
the association between CO-induced metabolic 
changes and its cytoprotective role remains unclear. 
A remarkable body of evidence indicates that 
melatonin exerts significant neuroprotective effects 
in numerous brain cell culture and in-vivo systems 
(38). This is not restricted to scavenging but includes 
down-regulation of gene expression of pro-oxidant 
and up-regulation of gene expression of antioxidant 
enzymes. Chronic melatonin administration in 
drinking water decreased mRNAs for NOS-1, NOS-
2, HO-1 and HO-2 as well as changing their 24-h 
profile in rats (39).  

This work demonstrates that non-physiological 
changes in CO concentration in pineal cell culture 
can have an acute impact on MEL synthesis. In 
order to determine the physiological relevance of 
this finding, it would be useful to study the effect of 
normal variation of CO levels. If confirmed, it would 
support the concept that the effect of light in MEL 
secretion is mediated, at least in part, via CO.
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Hepatocellular carcinoma (HCC) is the fifth most common cancer. An important approach to control 
HCC is chemoprevention. This study aims at investigating the antitumor effect of Tetramethylpyrazine 
(TMP). Rats were injected with N-Nitrosodiethylamine (DEN) to establish HCC. Tumor development 
was observed. Liver function was evaluated. Apoptosis and cell cycle arrest-related makers and signaling 
cascades were determined by Western blot, RT-PCR and flow cytometric analysis. The administration 
of TMP could significantly inhibit tumor development in DEN-induced HCC rats, shown by reduced 
incidence of tumor, decreased number of tumor nodules and reduced maximal size of tumor. DEN-
induced increase of aspartate aminotransferase, alanine aminotransferase, lactate dehydrogenase and 
alkaline phosphatase activities were significantly inhibited by TMP. TMP exhibited inhibitory effect 
on HCC through induction of apoptosis and cell cycle arrest in rats. TMP induced apoptosis through 
increasing Bax, decreasing Bcl-2, increasing the release of cytochrome c, and activating caspase, which 
consisted of the mitochondrial apoptotic pathway. TMP induced G2/M cell cycle arrest through down-
regulation of cyclin B1/cdc2. In addition, inhibition of Akt and ERK signaling and the antioxidant 
activities of TMP may also contribute to its antitumor effect. These data provide new insight into the 
mechanisms underlying the antitumor effect of TMP.
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Hepatocellular carcinoma (HCC), a tumor with 
poor prognosis and few treatment options (1), is 
a major malignancy worldwide and increasingly 
associated with cancer-related death (2). To date, the 
incidence of HCC is the third cause of cancer death 
worldwide (3). The treatment of cancer is still a great 

challenge in medicine. Chemoprevention is one of 
the most important approaches to control HCC, 
in which process one or more non-toxic naturally 
occurring or synthetic agents are administrated, 
resulting in prevention, improvement, or reverse of 
the disease. In this regard, naturally occurring agents 
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(sc-245), Bax (sc-493), Bcl-2 (sc-492), and β-actin (sc-
47778) antibodies were purchased from Santa Cruz 
Biotechnology. Cleaved caspase 3 (#9661) and 9, Akt 
(#9272) and P-Akt (#4060) antibodies were purchased 
from cell signaling. Cleaved caspase 9 antibody (IMG-
5705) was purchased from IMGENEX Corporation. ERK 
(BS1112), P-ERK (BS5016) and Tubulin α (BS1699) 
antibodies were purchased from Bioworld Technology. 
DEN, TMP and most of the chemicals and reagents used 
in this study were procured from Sigma. 

Animals
Wistar rats (the Experimental Animal Center of 

Fourth Military Medical University) were used in this 
study. Animals were fed in a humidity- and temperature-
controlled room and were given free access to food and 
water. All animal experiments were performed according 
to the procedures approved by the Fourth Military Medical 
University Animal Care and Use Committee.

Experimental design
Forty Wistar rats were divided into four groups, 

and the experimental period was 16 weeks. Control 
group rats (untreated) were fed with standard diet and 
water ad libitum. TMP group rats were administered 
intraperitonially with TMP alone (100 mg/kg b.w.daily). 
DEN group rats were injected intraperitonially with DEN 
(100 mg/kg b.w.) once a week for 6 weeks. DEN + TMP 
group, TMP (100 mg/kg b.w.daily) was administered 
intraperitonially to DEN-injected rats from 6th week up 
to16th week. 

At the end of the experiments, the rats were euthanized 
by cervical dislocation. The tumors were counted based 
on published criteria (19). The blood was collected, 
processed and stored for further analysis. Tumors tissues 
were fixed in 75% ethanol and filtered by 500 mesh to 
get the single cell suspension for flow cytometry analysis. 
Part of liver was also frozen in liquid nitrogen for Testern 
blot and RT-PCR analysis. Part of liver was rinsed in ice 
cold saline and was homogenized in 0.1 M Tris buffer 
(pH.7.4) for further biochemical analysis.

Flow cytometric analysis 
Apoptosis in DEN-induced tumor was assessed by 

cell cycle analysis using flow cytometry, as previous 
described (5). At the end of the animal experiment, tumor 
tissues were fixed in 75% ethanol and filtered by 500 
mesh to get the single cell suspension for flow cytometry 
analysis of apoptosis. Cells were harvested, re-suspended 
in a hypotonic fluorescent solution (50 mg/ml PI and 0.1% 
Triton X-100 in 0.1% Na Citrate buffer) for 1 h, at 4°C in 
the dark. The cell cycle was analyzed by flow cytometry 
(FL-2) to determine the sub-G0/G1 DNA content and 

are receiving more and more attention because of 
their promising efficacy in various cancer models (4, 
5).

Tetramethylpyrazine (TMP) is a purified 
chemical that has been identified as a component 
of Ligusticum wallichii Franchat (ChuanXiong), 
a Chinese herb that is widely used in the treatment 
of neurovascular and cardiovascular diseases. In 
recent years, several studies have shown that TMP 
possesses antitumor effect in several cell lines (6, 7). 
However, the effects of TMP on tumor growth have 
not been investigated in HCC, and the underlying 
mechanisms responsible for antitumor effect of TMP 
are still far from completely known.

DEN (N-Nitrosodiethylamine) is considered to be a 
strong hepatocarcinogenic dialkylnitrosoamine, which 
is a constituent of tobacco smoke, cheddar cheese, curd 
and fried meals and a number of alcoholic beverages (8). 
An orthotopic model of HCC is more appropriate for 
the study of an antitumor agent. To date, DEN treatment 
of mice is one of the most frequently used models of 
HCC (9). It is well-known that DEN could damage the 
nuclear enzymes involved in DNA repair/replication, 
resulting in DNA damage and mutations as well as 
hepatocyte death, and thus reproducible HCC animal 
model (10, 11). Several weeks of DEN administration 
causes rapid development of tumors (12) and results in 
100% HCC in male mice and 10-30% HCC in female 
mice (13), which may be attributed to the protective 
role of oestrogens. The molecular characteristic of 
DEN-induced tumors is similar to the situation of 
human HCC, with poor prognosis (14). DEN induces 
irreversible HCC through overexpression of G1/S-
phase regulatory proteins (15). In DEN-induced HCC 
model, Akt and extracellular signal-regulated kinase 
(ERK) activation was observed (16), and activation of 
Akt and ERK pathways were involved in the occurrence 
of HCC induced by DEN (17, 18). Using DEN-induced 
HCC animal model, the purpose of this study was to (a) 
determine the effect of TMP on tumor growth in DEN-
injected rats; (b) study the effect of TMP on apoptosis 
and cell cycle progression in tumors; (c) elucidate 
the possible molecular mechanisms of TMP-induced 
apoptosis and cell cycle arrest. 

MATERIALS AND METHODS

Chemicals and reagents
Cytochrome c (sc-13156), cdc2 (sc-54), cyclinB1 
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Statistical analysis
All experiments were performed at least three times, 

and results were expressed as the means ± SD. The 
results were analyzed by one-way ANOVA followed 
by a SNK-q test for multiple comparisons. All analyses 
were performed using the Statistical Package for the 
Social Sciences (SPSS) software. Data were considered 
statistically significant for p<0.05. More specific indices 
of statistical significance were indicated in individual 
figure legends.

RESULTS

TMP inhibits tumor growth in DEN-treated rats
In the present study, to evaluate the effect of TMP 

on tumor growth, we established HCC model using 
DEN injection. Rats were injected intraperitonially 
with DEN (100 mg/kg b.w.) once a week for 6 weeks, 
then the animals were administered intraperitonially 
with TMP (100 mg/kg b.w.daily) or not from 6th 
week up to16th week. As shown in Table I, the effect 
of TMP on tumor development was examined. DEN 
injection resulted in 90% incidence of HCC in rats, 
and TMP administration reduced this incidence 
to 70% (Table I). Moreover, the number of liver 
tumors in DEN-treated rats was 12.1±3.6, and 
TMP treatment significantly reduced this value to 
7.8±2.3. Furthermore, in livers of DEN-treated rats, 
the maximal size of tumor was 8.8±2.5 mm. When 
rats were administrated with TMP, the maximal size 
of tumor was reduced to 5.5±1.4 mm. These results 
demonstrate that TMP significantly inhibited tumor 
development in DEN-induced HCC rats. 

TMP protects liver function in DEN-treated rats
Liver function was evaluated by the determination 

of serum lactate dehydrogenase (LDH), aspartate 
transaminase (AST), alanine transaminase (ALT) 
alkaline phosphatase (ALP). Table II shows that, 
in DEN-treated rats, serum LDH, AST, ALT, and 
ALP were significantly increased to 246±8.2 U/L, 
160±9.7 U/L, 192±10.6 U/L, and 265±10.1 U/L. 
TMP administration notably reduced serum LDH, 
AST, ALT, and ALP to 204±4.3 U/L, 105±8.4 U/L, 
128±9.3 U/L, 221±5.9 U/L, which were significantly 
different from that of DEN-treated rats (Table II). 
In rats treated with TMP alone, serum LDH, AST, 
ALT, and ALP were not significantly altered (Table 
III). The results indicate that TMP protected liver 

cell cycle distribution. Sub-diploid populations were 
considered to be apoptotic. Cellquest software was used 
to carry out data acquisition and analysis. The results were 
expressed as percentage of the fragmented DNA.

Biochemical analysis of serum
After the experiment, blood was collected and serum 

was separated for estimation of LDH, ALT, AST, and ALP 
by commercial kits (Nanjing Jiancheng Company, China). 
Assays were conducted according to the manufacturer’s 
instructions.

Determination of caspase activity
The activities of caspase 9 and 3 were assessed 

using commercial assay kits (Beyotime Institute 
of Biotechnology) according to the manufacturer’s 
instructions. 

qRT-PCR
Total RNA was isolated using TRIzol reagents 

(Invitrogen) and reversely transcribed using a commercial 
kit (TIANGEN, China). cDNA was quantified by real-
time PCR using SYBR Green (TIANGEN, China)and 
an BIORAD instrument. Each gene was normalized to 
GAPDH. Primers used for real-time qPCR were listed: 
Bcl-2, 5’-GTA CCT GAA CCG GCA TCT G-3’ (Forward) 
and 5’-GGG GCC ATA TAG TTC CAC AA-3’ (Reverse); 
Bax, 5’-CGA GCT GAT CAG AAC CAT CA-3’(Forward) 
and 5’-GGG GTC CCG AAG TAG GAA-3’ (Reverse); 
GAPDH, 5’-CCA GGT GGT TCC TCT GAC TTC-
3’(Forward) and 5’-GTG GTC GTT GAG GGC AAT G-3’ 
(Reverse).

Western blot
In brief, protein extractions were separated by using 

SDS-PAGE on polyacrylamide gels, and transferred to 
nitrocellulose membranes (20). After blocking for 1 h 
with 8% skimmed milk in TBS buffer, the membrane was 
incubated with indicated primary antibodies overnight at 
4°C. After the membrane was washed four times for 15 min 
each with TBST buffer, it was incubated in the appropriate 
HRP-conjugated secondary antibody at 37°C for 30 min. 
The protein bands were visualized using chemiluminescent 
reagents according to the manufacturer’s instructions and 
quantified using an image analyzer Quantity One System 
(Bio-Rad, USA). The protein quantifications were adjusted 
for the corresponding β-actin or Tubulin α level (21).

Determination of redox balance
The activities of antioxidant enzymes, including SOD, 

CAT, GPx and GR, were determined as previously reported 
(22). Activities of antioxidant enzymes were expressed as 
U/mg protein. 
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It has been established that mitochondria play 
a crucial role in the complex process of apoptosis 
through release of a series of important pro-apoptotic 
molecules into the cytoplasm (23). In the next step, 
we examined the effect of TMP on mitochondrial 
apoptotic pathway. The mRNA expression of Bcl-
2 family, including Bax and Bcl-2, were examined 
by real-time qPCR. In DEN-induced tumors, Bax 
and Bcl-2 mRNA expression were decreased and 
increased respectively, compared with that of control 
(Fig. 1B and C). In tumors, Bax mRNA expression 
was up-regulated by TMP (Fig. 1B) and increase 
of Bcl-2 mRNA expression was inhibited by TMP 
(Fig. 1C). Changes of protein expression of Bax and 
Bcl-2 were consistent with their mRNA expression 
(Fig. 1D). In Fig. 1E, the results show that in DEN-

function against DEN toxicity in rats.

TMP induces mitochondrial-dependent apoptosis in 
DEN-treated rats

Programmed cell death (apoptosis) is considered 
to be a pivotal mechanism by which antitumor drugs 
kill tumor cells. In the next step, we detected the 
effect of TMP on apoptosis in tumors in DEN-treated 
rats. As shown in Fig. 1A, apoptosis in DEN-induced 
tumor was assessed by cell cycle analysis of sub-G0/
G1 DNA content. Compared with control rats, 
the percentage of sub-G0/G1 cells was decreased 
slightly in DEN-induced tumor (Fig. 1A). The 
administration of TMP significantly increased the 
percentage of sub-G0/G1 cells (Fig. 1A), compared 
with that of DEN-treated rats.

Table I. Effect of TMP on tumor multiplicity, size, and incidence in DEN-untreated and treated rats. 

Group No. Max. size (mm) Incidence (%)
Control 0 0 0
TMP 0 0 0
DEN 12.1 ± 3.6* 8.8 ± 2.5* 90
DEN + TMP 7.8 ± 2.3# 5.5 ± 1.4# 70

Forty Wistar rats were divided into four groups, and the experimental period was 16 weeks. Control group: rats (untreated) 
were fed with standard diet and water ab libitum. TMP group: rats were administered intraperitonially with TMP alone 
(100 mg/kg b.w.daily). DEN group: rats were injected intraperitonially with DEN (100 mg/kg b.w.) once a week for 6 
weeks. DEN + TMP group: TMP (100 mg/kg b.w. daily) was administered intraperitonially to DEN-injected rats from 6th 
week up to16th week. No. indicates number of tumors. Max. size indicates maximum size of tumor. Results were expressed 
as means ± SD. *p<0.05, compared with control; # p<0.05, compared with DEN.

Table II. Effect of TMP on liver enzyme profiles in DEN-untreated and treated rats. 

Group LDH (U/L) ALT (U/L) AST (U/L) ALP (U/L)
Control 186 ± 7.9 38 ± 5.1 78 ± 7.9 134 ± 5.3
TMP 185 ± 9.5 37 ± 3.2 80 ± 7.5 137 ± 7.8
DEN 246 ± 8.2* 160 ± 9.7* 192 ± 10.6* 265 ± 10.1*
DEN + TMP 204 ± 4.3# 105 ± 8.4# 128 ± 9.3# 221 ± 5.9#

Forty Wistar rats were divided into four groups, and the experimental period was 16 weeks. Control group: rats (untreated) 
were fed with standard diet and water ab libitum. TMP group: rats were administered intraperitonially with TMP alone 
(100 mg/kg b.w.daily). DEN group: rats were injected intraperitonially with DEN (100 mg/kg b.w.) once a week for 6 
weeks. DEN + TMP group: TMP (100 mg/kg b.w.daily) was administered intraperitonially to DEN-injected rats from 6th 
week up to16th week. Results were expressed as means ± SD. *p<0.05, compared with control; # p<0.05, compared with 
DEN.

J. CAO ET AL.
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induced tumors, cytosolic expression of cytochrome 
(Cyto) c was decreased, compared with that of control. 
The administration of TMP significantly promoted 
cytosolic release of Cyto c compared with that of 
DEN-treated rats (Fig. 1E). In Fig. 1 F, G and H, the 
results show that cleaved expression of caspase 9 and 

3 and their activities were decreased in DEN-induced 
tumors compared with that of control. In tumors, 
TMP administration significantly increased caspase 
9 and 3 activities and their cleavage compared with 
those of DEN-treated rats (Fig. 1E and F). These 
results demonstrated that TMP induced mitochondrial 

Fig. 1. The effect of TMP on apoptosis in DEN-induced tumor in rats. A) Tumors were collected and apoptosis was 
evaluated by flow cytometry analysis. Percentage of sub-G0/G1 DNA content was shown. B, C) mRNA expression of Bax 
and Bcl-2 were detected by qRT-PCR (5 replicates). D) Protein expression of Bax and Bcl-2. Representative blots were 
shown. Densitometric analysis was conducted (5 replicates). E) Effect of TMP on Cyto c release in tumors was measured 
by Western blot analysis of cytosolic protein. Representative blots were shown. Densitometric analysis was conducted 
(5 replicates). F) Effect of TMP on cleaved expression of caspase 9 and caspase 3 were determined by Western blot. 
Representative blots were shown. Densitometric analysis was carried out (5 replicates). G, H) Effect of TMP on caspase 
9 and caspase 3 activities in tumors were determined by commercial kits (8 replicates). Results were expressed as means 
± SD. *p<0.05, compared with control; # p<0.05, compared with DEN.
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Fig. 2. The effect of TMP on cell cycle progression and signaling transduction in DEN-induced tumor in rats. A) Effect 
of TMP on cell cycle distribution in tumors were determined by flow cytometric analysis. Results were expressed as 
percentage of cell population. B) Effect of TMP on protein expression of cdc2 and cyclin B1 was measured by Western 
blot. C) Effect of TMP on phosphorylation of ERK and Akt was measured by Western blot. Representative blots were 
shown.*p<0.05, compared with control; # p<0.05, compared with DEN.

Fig. 3. The effect of TMP on antioxidant enzyme activities in DEN-induced tumor in rats. At the end of the experiments, 
activities of SOD, CAT, GPx and GR in livers were determined (8 replicates). Results were expressed as means ± SD. 
*p<0.05, compared with control; # p<0.05, compared with DEN.

J. CAO ET AL.
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DISCUSSION

In recent years, several studies have reported 
that TMP exhibit inhibitory effect on tumor growth 
in vivo and induce apoptosis in several tumor cells. 
TMP was clinically used to treat lung carcinoma and 
exhibited potent anti-metastasis activity in the body 
(25, 26). However, the effect of TMP on HCC is 
not known. In the present study, we investigated the 
inhibitory effect of TMP on DEN-induced tumor in 
rats and elucidated the possible mechanisms. 

Mice model of HCC was established by the 
injection of DEN. The administration of TMP could 
significantly inhibit tumor development in DEN-
induced HCC rats, reflected by reduced incidence 
of tumor, decreased number of tumor nodules and 
reduced maximal size of tumor (Table I). DEN-
induced liver damage reflects instability of liver cell 
metabolism which results in distinctive changes of 
several serum enzyme activities. Generally, liver 
function could be reflected by AST, ALT, LDH and 
ALP and increased levels of these indicators may 
indicate liver damage. 	 Hepatocellular damage is 
associated with the up-regulation of ALT activity, 
which is always accompanied by an elevation of 
AST. In addition, increase of ALP levels reflects the 
pathological damage in biliary flow. In the current 
study, DEN-induced increase of these enzyme 
activities were significantly blocked by TMP (Table 
II), indicating that TMP played a role in protecting 
liver cell and decreasing enzyme leakage.

It has been characterized that programmed cell 
death (apoptosis) is a fundamental process, which 
may occur under a wide variety of physiological 
and pathological conditions. The onset of cancer, 
including liver cancer, is believed to be attributed 
to the loss of control of normal apoptosis and 
the disturbance of equilibrium between cellular 
apoptosis and proliferation (27, 28). Moreover, 
survival of hepatocytes containing genotoxic lesions 
attributed to apoptosis inhibition is considered to 
be crucial for tumor promotion (29, 30). There is 
literature reporting that suppression of apoptosis by 
tumor promoting agents (such as Pb) is an important 
mechanism in tumor promotion (31). For the 
treatment of cancer, it has been proposed to develop 
drugs aiming to induce apoptosis in tumor-target 

apoptosis in DEN-induced HCC, with no effect on 
normal livers. 

TMP induces G2/M cell cycle arrest in tumors of 
DEN-treated rats

It is proved that cell cycle arrest plays a key role in 
the inhibition of proliferation. Next, we investigated 
the effects of TMP on cell cycle distribution. The 
proportions of cells in different phases of cell cycle 
in tumors treated by TMP were analyzed by the 
incorporation of PI. In Fig. 2A, we show that TMP 
induced a significant increase in the number of 
cells within the G2/M phase, compared with that of 
DEN-induced tumors (Fig. 2A). Protein expression 
of cdc2 and cyclin B1, two important G2/M phase 
transition checkpoints, was notably decreased by 
TMP in DEN-treated rats (Fig. 2B). Moreover, we 
detected the phosphorylation of Akt and extracellular 
signal-regulated kinase (ERK). In livers of DEN-
treated rats, phosphorylation of Akt and ERK were 
significantly activated, compared with that of control 
(Fig. 2C). TMP administration could inhibit DEN-
induced phosphorylation of Akt and ERK (Fig. 2C). 
The results demonstrated that TMP could induce 
G2/M cell cycle arrest, which may contribute to the 
antitumor effect in HCC.

TMP enhances antioxidant activities in DEN-induced 
HCC

It is reported that during the metabolic process of 
DEN, reactive oxygen species (ROS) was generated, 
leading to oxidative stress (24). Oxidative stress has 
been reported to cause carcinogenesis by several 
mechanisms including the damage of DNA, lipid 
and protein, and disorder of intracellular signaling 
pathways. In the present study, we also detected the 
effect of TMP on DEN-induced oxidative stress. 
As shown in Fig. 3, in DEN-induced tumors, the 
activities of superoxide dismutase (SOD) (A), 
catalase (CAT) (B), glutathione peroxidase (GPx) (C) 
and glutathione reductase (GR) (D) were decreased. 
The administration of TMP significantly inhibited the 
decrease of SOD, CAT, GPx and GR activities (Fig. 
3). The results indicate that DEN induced oxidative 
stress in livers of rats, and TMP could attenuate the 
oxidative stress induced by DEN, which may play a 
role in its antitumor effect. 
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stress induced by DEN, which may play a role in its 
antitumor effect (Fig. 3). 

In conclusion, this study found that TMP exhibits 
inhibitory effect on HCC through inducing apoptosis 
and cell cycle arrest in DEN-induced tumors. TMP 
induces mitochondrial-dependent apoptosis through 
Bax/Bcl-2-Cyto c-caspase pathway. TMP induces 
cell cycle arrest through down-regulation of cyclin 
B1/cdc2. In addition, the antioxidant activities of 
TMP may also contribute to its antitumor effect. 
Taken together, these data provide novel insight 
into the molecular mechanisms underlying the 
antitumor effect of TMP, and TMP is a promising 
pharmacological agent for treating cancer.
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Deregulation of casein kinase 1 epsilon (CK1ε) is involved in the development of multiple pathological 
disorders such as cancer, however the function and molecular mechanism of CK1ε in cancer are still 
unclear. In the present study, we aimed to investigate the role of CK1ε in human colorectal cancer 
(CRC). The expression of CK1ε was examined by immunohistochemical assay using a tissue microarray 
procedure. A loss-of-function experiment was performed to observe the effects of lentivirus-mediated 
CK1ε shRNA (Lv-shCK1ε) on cell proliferation and invasive potential by MTT and Transwell assays 
in CRC cell line (SW480). As a result, we found that the expression of CK1ε protein was significantly 
increased in CRC tissues compared with that in adjacent non-cancerous tissues (ANCT) (68.9% vs 
42.2%, P=0.017), and was correlated with the Duke’s staging and depth of invasion in CRC patients 
(P=0.012; P=0.015). Knockdown of CK1ε reduced cell proliferation and invasion of CRC cells followed 
by the downregulation of wnt3α, β-catenin, PCNA and MMP-9. In conclusion, our findings show that 
high expression of CK1ε is positively associated with the Duke’s staging and depth of invasion in CRC 
patients, and knockdown of CK1ε suppresses the growth and invasion of CRC cells through inhibition 
of the wnt/β-catenin signaling, suggesting that CK1ε may serve as a promising therapeutic target for the 
treatment of CRC. 
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Colorectal cancer (CRC) is the third most common 
cancer worldwide and the fourth most common cause 
of death (1). Every year approximately one million 
new cases of CRC are diagnosed around the world, 
and more than 0.6 million people die from this 
disease (2). The standard surgical treatment for CRC 
is effective, but the outcome is poor with 50% of 

CRC patients suffering recurrence or death within 5 
years of surgery. A multitude of risk factors have been 
correlated with CRC including hereditary factors, 
environmental factors and inflammatory syndromes, 
of which genetic alterations play an important role 
in the development of CRC (3). The biomarkers for 
CRC therefore represent opportunities to improve 
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Lipofectamine 2000 were from Invitrogen (Carlsbad, CA, 
USA); M-MLV Reverse Transcriptase was from Promega 
(Madison, WI, USA); SYBR Green Master Mixture was 
from Takara (Otsu, Japan). ECL-PLUS/Kit was from GE 
Healthcare (Piscataway, NJ, USA).

Clinical samples and data 
Tissue microarray was prepared for IHC test. Human 

CRC tissues and the corresponding ANCT were obtained 
from biopsy prior to chemotherapy in a total of 45 
consecutive cases of CRC admitted to our hospital from 
January 2009 to December 2012. The study was approved 
by the Medical Ethics Committee of Shanghai Jiaotong 
University, and written informed consent was obtained 
from the patients or their parents before sample collection. 
Two pathologists respectively reviewed all of the cases.

IHC staining
Anti-CK1ε antibody (Santa Cruz Biotechnology, 

USA) was used for IHC detection of the expression of 
CK1ε protein in tissue microarrays. Tissue microarray 
sections were processed for IHC analysis of CK1ε protein 
as follows. IHC examinations were carried out on 3-mm 
thick sections. For anti-CK1ε IHC, unmasking was 
performed with 10 mM sodium citrate buffer, pH 6.0, at 
90°C for 30 min. For anti-CK1ε IHC, antigen unmasking 
was not necessary. Sections were incubated in 0.03% 
hydrogen peroxide for 10 min at room temperature, to 
remove endogenous peroxidase activity, and then in 
blocking serum for 30 min at room temperature. Anti-
CK1ε antibody was used at a dilution of 1:200. The 
antibody was incubated overnight at 4°C. Sections were 
then washed three times for 5 min in PBS. Non-specific 
staining was blocked with 0.5% casein and 5% normal 
serum for 30 min at room temperature. Finally, staining 
was developed with diaminobenzidine substrate and 
sections were counterstained with hematoxylin. PBS 
replaced CK1ε antibody in negative controls.

Quantification of protein expression
The expression of CK1ε was semiquantitatively 

estimated as the total immunostaining scores, which were 
calculated as the product of a proportion score and an 
intensity score. The proportion and intensity of the staining 
was evaluated independently by two observers. The 
proportion score reflected the fraction of positive staining 
cells (score 0, <5%; score 1, 5-10%; score 2, 10-50%; 
score 3, 50-75%; score 4, >75%), and the intensity score 
represented the staining intensity (score 0, no staining; 
score 1, weak positive; score 2, moderate positive; score 
3, strong positive). Finally, a total expression score was 
given ranging from 0 to 12. Based on the analysis in 
advance, CK1ε was regarded as negative expression in 

patient outcome.
Casein kinase 1 (CK1) is a group of ubiquitous 

Serine/Threonine kinases that are implicated in 
normal cellular functions and several pathological 
conditions including digestive cancers (4). Casein 
kinase 1 alpha (CK1α) has been found differentially 
expressed between melanoma cells and normal 
melanocytes, indicating CK1α overexpression as 
a potential biomarker for distinguishing malignant 
melanoma from other melanocytic lesions (5). 
Overexpression of CK1-epsilon  (CK1ε) is 
significantly associated with poor survival in 
patients with ovarian  cancer, and inhibition of 
CK1ε suppresses the proliferation and invasion of 
ovarian cancer cells (6). CK1ε, highly expressed in 
breast tumors, causes cell overgrowth via regulation 
of mRNA translation and cell proliferation, providing 
an initial rationale to explore CK1ε blockade as a 
therapeutic strategy to treat cancers (7, 8). 

However, few studies show that loss of CK1ε 
expression is associated with a poor four-year survival 
rate in oral  cancer  patients (9) and suppression of 
CK1α in primary melanoma cells induces invasive 
tumor growth (10), suggesting that CK1 may function 
as a tumor suppressor in some cancers. To further 
clarify the function and molecular mechanisms of 
CK1ε in CRC cells, we investigated the expression 
of CK1ε in CRC tissues and found that CK1ε is 
positively associated with the Duke’s staging and 
depth of invasion in CRC patients, and knockdown 
of CK1ε suppresses the growth and invasion of CRC 
cells, suggesting that CK1ε may serve as a promising 
therapeutic target for the treatment of CRC. 

MATERIALS AND METHODS

Materials
The CRC cell line (SW480) used for these experiments 

was from the Institute of Biochemistry and Cell Biology 
(Shanghai, China). Lv-shCK1ε, negative control vector 
and virion-packaging elements were from Genechem 
(Shanghai, China). The primers of CK1ε, PCNA and 
MMP-9 were synthesized by Applied Biosystems (ABI, 
USA). All antibodies were from Santa Cruz Biotechnology 
(USA). 

Drugs and reagents
Dulbecco’s Modified Eagle medium (DMEM) and 

fetal bovine serum (FBS) were from Thermo Fisher 
Scientific Inc (Waltham, MA, USA); TRIzol Reagent and 
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Kit according to the manufacturer’s instructions. The 
relative protein level in different groups was normalized 
to β-actin concentration. Three separate experiments were 
performed for each clone.

Cell proliferation assay
Cell proliferation was analyzed with the MTT assay. 

Briefly, cells infected with Lv-shCK1ε were incubated in 
96-well-plates at a density of 1×105 cells per well with 
DEME medium supplemented with 10% FBS. Cells were 
treated with 20 μl MTT dye, and then incubated with 150 
μl of DMSO for 5 min. The color reaction was measured 
at 570 nm with enzyme immunoassay analyzer (Bio-Rad, 
American). The proliferation activity was calculated for 
each clone.

Transwell invasion assay
Transwell filters were coated with matrigel (3.9mg/

ml, 60-80ml) on the upper surface of a polycarbonic 
membrane (diameter 6.5 mm, pore size 8 mm). After 
incubating at 37°C for 30 min, the matrigel solidified and 
served as the extracellular matrix for analysis of tumor 
cell invasion. Harvested cells (1×105) in 100 ml of serum 
free DMEM were added into the upper compartment 
of the chamber. A total of 200 ml conditioned medium 
derived from NIH3T3 cells was used as a source 
of chemoattractant, and was placed in the bottom 
compartment of the chamber. After 24 h incubation at 
37°C with 5% CO2, the medium was removed from the 
upper chamber. The non-invaded cells on the upper side 
of the chamber were scraped off with a cotton swab. The 
cells that had migrated from the matrigel into the pores of 
the inserted filter were fixed with 100% methanol, stained 
with Hematoxylin, and mounted and dried at 80°C for 30 
min. The number of cells invading through the matrigel 
was counted in three randomly selected visual fields from 
the central and peripheral portion of the filter using an 
inverted microscope (200×magnification). Each assay 
was repeated three times.

Statistical analysis
SPSS 20.0 was used for the statistical analysis. 

Kruskal-Wallis H test and Chi-squared test were used 
to analyze the expression rate in all groups. One-way 
analysis of variance (ANOVA) was used to analyze the 
differences between groups. Statistical significance was 
set at P < 0.05.

RESULTS

The expression of CK1ε protein in human CRC
The expression of CK1ε protein was evaluated 

CRC tissues if the score <2, and positive expression if the 
score ≥2.

Cell culture and infection
CRC cells were cultured in DMEM medium 

supplemented with 10% heat-inactivated FBS, 100U/ml 
of penicillin and 100μg/ml of streptomycin. They were all 
placed in a humidified atmosphere containing 5% CO2 at 
37°C. On the day of transduction, CRC cells were replated 
at 5×104 cells/well in 24-well plates containing serum-
free growth medium with polybrene (5 mg/ml). When 
50% confluence was reached, cells were transfected with 
recombinant Lv-shCK1ε or control virus at the optimal 
MOI (multiplicity of infection) of 50, and cultured at 37°C 
and 5% CO2 for 4 h. Then supernatant was discarded and 
serum containing growth medium was added. At 4 days of 
post-transduction, transduction efficiency was measured 
by the frequency of green fluorescent protein (GFP)-
positive cells. Positive stable transfectants were selected 
and expanded for further study. The clone in which the 
Lv-shCK1ε transfected was named as Lv-shCK1ε group, 
the negative control vectors transfected was named as NC 
group, and CRC cells untreated were named as control 
(CON) group. 

Quantitative Real-time PCR
To quantitatively determine the mRNA expression 

level of CK1ε in CRC cells, Real-time PCR was used. Total 
RNA of each clone was extracted with TRIzol according 
to the manufacturer’s protocol. Reverse-transcription was 
carried out using M-MLV and cDNA amplification was 
carried out using SYBR Green Master Mix kit according to 
the manufacturer’s protocol. Target genes were amplified 
using specific oligonucleotide primer and β-actin gene 
was used as an endogenous control. Data were analyzed 
using the comparative Ct method (2-ΔΔCt). Three separate 
experiments were performed for each clone.

Western blot assay
CRC cells were harvested and extracted using lysis 

buffer (Tris-HCl, SDS, Mercaptoethanol, Glycerol). Cell 
extracts were boiled for 5 min in loading buffer and then 
equal amount of cell extracts were separated on 15% SDS-
PAGE gels. Separated protein bands were transferred 
into polyvinylidene fluoride (PVDF) membranes and the 
membranes were blocked in 5% skim milk powder. The 
primary antibodies against CK1ε, PCNA and MMP-9 were 
diluted according to the instructions of antibodies and 
incubated overnight at 4°C. Then, horseradish peroxidase-
linked secondary antibodies were added at a dilution ratio 
of 1:1000, and incubated at room temperature for 2 h. The 
membranes were washed with PBS for three times and the 
immunoreactive bands were visualized using ECL-PLUS/
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and β-catenin expression was detected by Real-time 
PCR and Western blot assays, indicating that the 
expression level of CK1ε mRNA was significantly 
silenced in Lv-shCK1ε group compared with the 
NC and CON groups (each **P<0.01) (Fig. 2A), 
and those of CK1ε, wnt3α and β-catenin proteins 
were markedly decreased in Lv-shCK1Ε group in 
comparison with the NC and CON groups (Fig. 2B). 

Effect of CK1ε silencing on cell proliferation
To examine the effect of CK1ε on cell growth, we 

investigated the proliferative activities of CRC cells 
by MTT assay. Silencing of CK1ε gene significantly 
decreased cell proliferative activities of CRC cells in 
a time-dependent manner (Fig. 3A). Real-time PCR 
and Western blotting were used to determine the 
effect of CK1ε on PCNA expression, showing that 
the amount of PCNA was significantly reduced in 
Lv-shCK1ε group compared with the NC and CON 
groups (Fig. 3B, C).

Effect of CK1ε silencing on cell invasion
To determine the effect of CK1ε knockdown on 

by IHC staining. The positive expression of CK1ε 
protein was detected in the cytoplasm of CRC tissues 
and ANCT cells (Fig. 1). The positive rates of CK1ε 
expression were examined in 68.9% (31/45) of 
the CRC tissues, and 42.2% (19/45) in the ANCT 
(P=0.017, Table I).

The correlation of CK1ε expression with 
clinicopathologic characteristics

The correlation of CK1ε expression with various 
clinicopathologic characteristics was analyzed. As 
shown in Table II, CK1ε expression did not associate 
with the age, gender and CEA level of the CRC patients 
(each P>0.05). Up-regulation of CK1ε expression did 
not link to tumor size and degree of differentiation 
(P=0.988; P=0.904). However, positive expression of 
CK1ε was correlated with Duke’s staging and depth 
of invasion (P=0.012; P=0.015).

Effect of CK1ε silencing on wnt3α and β-catenin 
expression

After CRC cells were transfected with Lv-shCK1ε 
for 24 h, the effect of CK1ε knockdown on wnt3α 

Fig. 1. The expression of CK1ε protein in human CRC (× 200). The expression of CK1ε protein was 
examined by IHC staining. A) The high expression of CK1ε in CRC tissues. B) The low expression of 
CK1ε in ANCT tissues. 

Table I. The expression of CK1ε protein in CRC.

Variables Group Cases (N)
Expression levels (n) Positive 

rate (%) χ2 P
- + ++ +++

CK1 CRC 45 14 17 9 5 68.9    
ANCT 45 26 11 5 3 42.2   5.734 0.017

L-C. YE ET AL.
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(**P < 0.01) (Fig. 4 A, B). The endogenous expression 
of MMP-9 protein, indicated by Western blotting, was 
down-regulated in the Lv-shCK1ε group compared 

cell invasion, Transwell assay was carried out. The 
invasive potential of CRC cells was attenuated in Lv-
shCK1ε group compared to the NC and CON groups 

Table II. Association of CK1ε expression with clinicopathologic characteristics. 

Variables Cases (n) CK1 expression (n) P
45 ( - ) ( + )

Age 
≤60 28 6 22
>60  17 8 9  0.075

Gender
Male 24 7 17
Female 21 7 14    0.766

Tumor size (cm)
≤.5 29 9 20
>5 16 5 11  0.988

Duke’s staging 
A+B 14 8 6
C+D 31 6 25    0.012

Depth of invasion 
Within serosa 17 9 8
Beyond serosa 28 5 23  0.015

Degree of differentiation
Well 11 4 7
Moderately 21 6 15

   Poorly 13 4 9  0.904
CEA(ng/ml)  

≥5 26 9 17
<5 19 5 14  0.557

Fig. 2. Effect of CK1ε silencing on wnt3α and β-catenin expression. The target gene for CK1ε and downstream factors 
were identified by Real-time PCR (A) and Western blot assays (B) in CRC cells, indicating that the expression levels of 
CK1ε, wnt3α and β-catenin were significantly reduced in the Lv-shCK1ε group compared with the CON and NC groups 
(each **P<0.01). 
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Fig. 3. Effect of CK1ε silencing on cell proliferation. A) The proliferative activities of CRC cells were assessed by MTT 
assay, indicating that silencing of CK1ε gene diminished proliferative activities of CRC cells in a time-dependent manner. 
B, C) The amount of PCNA mRNA and protein was decreased in the Lv-shCK1ε group compared with the CON and NC 
groups (each **P<0.01). 

Fig. 4. Effect of CK1ε silencing on cell invasion. A, B) The effect of CK1ε on cell invasion was observed by Transwell 
assay. The invasive potential of CRC cells was significantly suppressed in the Lv-shCK1ε group compared with the CON 
and NC groups (**P<0.01). C) The amount of MMP-9 protein was decreased in the Lv-shCK1ε group compared with the 
CON and NC groups.

L-C. YE ET AL.
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CK1δI have been reported to be the positive regulators 
of this pathway linked to  cancer  development 
(13, 22).  CK1ε as a critical contributor activates 
the β-catenin signaling in  breast cancer (21, 
23).   Deregulation of Wnt/β-catenin  signaling by 
inactivating mutations of the APC tumor suppressor, 
or oncogenic mutations of β-catenin has been 
implicated in colorectal tumorigenesis (24). In 
the present study, it was found that knockdown of 
CK1ε downregulated the expression of wnt3α and 
β-catenin in CRC cells, indicating that CK1ε might 
be involved in the development of CRC through 
regulation of the Wnt/β-catenin signaling. 

PCNA, as a nuclear protein, is required for 
maintaining cell proliferation and can be used 
as independent predictor of recurrence and poor 
survival in patients with CRC (25). MMPs are 
important molecules involved in tumor metastasis. 
They are expressed on the tumor cell surface, activate 
pro-MMP to exacerbate the malignancy, and serve as 
a powerful indicator of distant metastasis of colon 
cancer (26). Specific targeting of Wnt/β-catenin 
signaling decreases the expression of Wnt target 
genes (PCNA, MMP-9) in human melanoma cells 
(27). Our present findings show that knockdown 
of CK1ε suppressed cell growth and invasion 
accompanied by the decreased expression of 
PCNA and MMP-9, suggesting that Wnt/β-catenin 
signaling might mediate the regulation of CK1ε on 
the expression of PCNA and MMP-9 in CRC cells. 

In conclusion, our findings show that high 
expression of CK1ε is positively associated with 
the Duke’s staging and depth of invasion in CRC 
patients, and knockdown of CK1ε suppresses the 
growth and invasion of CRC cells through inhibition 
of the wnt/β-catenin signaling, suggesting that CK1ε 
may serve as a promising therapeutic target for the 
treatment of CRC. 
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The use of assisted reproductive technologies (ARTs) is increasing worldwide. In order to predict 
the rate of pregnancy after ART the DNA fragmentation index (DFI) of ejaculated spermatocytes may 
be a better marker than conventional semen quality parameters. Spermatocytes with fragmented DNA 
are associated with apoptotic stages and are characterized by a low DNA content. The subhaploid 
nuclei of DNA-damaged spermatocytes can be easily detected by flow cytometry. We here analyzed the 
percentage of subhaploid nuclei of semen samples from 163 patients aged 26 to 74 years who consulted 
one of the ten centres for reproductive medicine which routinely send sperm samples to our laboratory 
in order to determine special sperm parameters. The percentage of subhaploid nuclei indicating the 
DFI of spermatocytes did not correlate with age and sperm volume, but inversely correlated with 
sperm concentration and the percentage of motile spermatocytes. This is in concordance with previous 
studies which demonstrated that DNA damage of spermatozoa correlates with conventional semen 
quality parameters. Since DNA-damaged spermatocytes are associated with an impaired outcome of 
assisted conception technologies, this method could help to monitor sperm quality of subfertile men after 
measures to increase sperm quality and to improve selection criteria of cryopreserved sperm samples in 
assisted reproduction medicine.
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In human sperm samples spermatozoa with 
damaged DNA exhibiting features of apoptotic 
cell death have been observed (1). The percentage 
of DNA-damaged spermatozoa is increased 
by conditions associated with the creation of 
oxidative stress such as smoking (2), exposure to 
radiofrequency electromagnetic radiation (2) and 
hydrogen peroxide (3), cryopreservation (2), and 
mild oxidative stress as a result of age (2), dietary 
deficiencies (4) or bacterial infections (5).

According to the hypothesis of Aitken et al., 
oxidative stress causes a disruption of spermatogenesis 

resulting in the production of senescent mature 
spermatozoa with poorly compacted chromatin (2). 
Activation of mitochondrial ROS in these defective 
spermatozoa via lipid peroxidation induces oxidative 
DNA damage finally resulting in DNA strand 
breaks and cell death (6). As a consequence, several 
features of apoptosis such as depolarisation of the 
inner mitochondrial trans-membrane potential (7), 
cytochrome c release (8), activation of caspases (8), 
externalization of phosphatidylserine and annexin V 
binding (7, 8) have been observed in DNA-damaged 
human spermatozoa.
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(Euroimmun, Lübeck, Germany), counted in duplicates 
using a hematocytometer and the sperm concentrations 
were given as mean values according to the WHO quality 
parameters (14). Samples were adjusted to a concentration 
of 10 million spermatozoa per ml PBS and were either 
immediately analyzed or frozen at –20°C before they 
were analyzed for the percentage of subhaploid nuclei.

Analysis of subhaploid nuclei by flow cytometry
After the frozen samples had been thoroughly thawed, 

one ml of each sample containing 10 million spermatozoa 
was transferred into 7.5 ml cell sorter tubes (Becton 
Dickinson biosciences, Heidelberg, Germany) and 
centrifuged at 400 x g for 5 min. According to the protocol 
of Nicoletti et al. (15), the cell pellet was resuspended in 
400 µl lysis/staining buffer (50 µg propidium iodide/ml, 
0.1% (w/v) trisodium citrate-2-hydrate, and 0.1% Triton 
X-100 dissolved in aqua bidest), incubated on ice for 10 
min ensuring cell lysis. Thereafter, the remaining nuclei 
with stained chromatin were analyzed on a FACSCalibur 
flow cytometer (Becton Dickinson biosciences). The nuclei 
were gated using the forward-angle light scatter (FSC) 
and the side-angle light scatter (SSC) in order to exclude 
artefacts resulting from small particles in the staining 
buffer alone. To assess their size and DNA content, sperm 
nuclei with propidium iodide-labelled DNA were detected 
in the FSC/FL3-PI channel. For each test 10,000 nuclei 
were examined. All analyses were carried out in duplicate. 
The mean value of the percentages of subhaploid nuclei 
(DFI=DNA fragmentation index) was determined by 
analysis of the nuclei by the FL3-PI histogram using an 
individual marker (Fig. 1) and calculation by the cell 
quest pro software version 6.0 (Becton Dickinson).

As a positive control, spontaneous apoptotic cell death of 
spermatozoa was induced in three sperm samples with low 
rates of subhaploid nuclei by incubation for 24 h at 37°C 
in 2 ml MEM (Biochrom, Berlin, Germany) supplemented 
with 10% fetal serum albumin and 100U/ml penicillin, 
100µg/ml streptomycin (all from biochrom) in a 6 well-plate 
(Greiner Bio-One, Frickenhausen, Germany). Additionally, 
for each run sperm samples with low DFI (<7%) and high 
DFI (>15%) were used as negative and positive controls, 
respectively. Therefore, aliqots of control samples adjusted 
to a concentration of 10mio/ml were frozen and stored at 
-20°C. After thawing they were incubated in Nicoletti buffer 
as described above. Stained control samples were stored 
up to three days at 4°C in the dark. Using this procedure, 
the DFI of a representative negative control sample with an 
initial DFI of 5.3% did not substantially increase after it was 
used 31 times (mean DFI 6.2%±1.5%). 

Analysis of additional sperm parameters
Additional WHO sperm parameters such as volume, 

DNA damage in human sperm can be investigated 
by several assays such as the sperm chromatin 
structure assay (SCSA) (8), the neutral microgel 
electrophoresis (COMET) assay evaluating DNA 
double-strand breaks (2), the DNA diffusion assay 
(2), and the terminal transferase dUTP nick-end 
labeling (TUNEL) assay (8-10). Several parameters 
for determining the DNA status, cell viability and the 
mitochondrial function, respectively, can be assessed 
by flow cytometry (11).  

Increased DNA damage in human spermatozoa 
is associated with spontaneous male subfertility 
and miscarriage (12, 13). It has been suggested to 
be the result of an abortive apoptotic process of 
germ cells initiated in early spermatogenesis but 
not completed during spermiogenesis (10).  Human 
subfertility can be treated by assisted reproduction 
technologies (ART) such as in vitro fertilisation 
(IVF) or intra-cytoplasmatic sperm injection (ICSI). 
Using these technologies, DNA-fragmentation index 
is a better predictor of pregnancy after IVF and 
ICSI than conventional sperm quality parameters 
reported by the World Health Organisation (WHO) 
(12). Moreover, in human sperm samples with a low 
percentage of DNA strand breaks a “late paternal 
effect” after ICSI was observed, resulting in higher 
pregnancy rates and lower miscarriage rates (13).   

In the present study, DNA fragmentation of 
human ejaculates was analyzed by flow cytometric 
detection of subhaploid nuclei resulting from DNA 
fragmentation and DNA loss during apoptotic cell 
death. This rapid and easy to handle method was 
compared with conventional semen analysis.

MATERIALS AND METHODS

Sperm samples
Sperm samples were from 163 patients who attended 

one of the ten centres for reproductive medicine associated 
with our laboratory between May 2012 and February 
2014. The main reasons for infertility were idiopathic or 
tubal factors, endometriosis and male factors. Patients 
were requested to abstain from ejaculation for two to five 
days before sample collection. Samples were collected in 
the centres after masturbation, allowed to liquefy at room 
temperature, and tubes were transported on ice water to 
our laboratory within 24 hours.   

Determination of sperm concentration
The sperm samples were washed twice with PBS 
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subhaploid nuclei, nuclei were analyzed by the FL3-
PI histogram using an individual marker indicating 
the DNA fragmentation index (DFI) (Fig. 1A, upper 
right panels). 

It has been described that after incubation of 
spermatocytes for more than 12 hours in cell culture 
medium containing balanced salts, energy substrates 
and human serum albumin the rate of DNA damage 
increases (16). To induce spontaneous apoptosis, 
sperm samples of three healthy patients with a mean 
percentage of subhaploid nuclei of 7.6% were chosen 
(Fig. 1A, lower panel). Incubation of these samples 
in supplemented MEM medium for 24 h caused an 
increase of subhaploid nuclei indicated by a DFI of 
18.4% (Fig. 1A, lower panel).  

Fig. 1B shows some representative analyses of 
subhaploid nuclei (DFI) of sperm samples from four 
different patients with low DFI (<15%, upper panel), 
borderline DFI (15-25%, mid panels) and high DFI 
(>25%, lower panel). 

The distribution of the percentages of subhaploid 
nuclei among all 163 patients analysed in this study 
is shown in Fig. 2A (upper left panel). The mean DFI 
± standard deviation of the samples was 20.8±19.7%. 
In 52.8% (86/163) of the samples a rate of less 
than 15% subhaploid nuclei was detected, whereas 
28.8% (47/163) of the patients had a DFI of higher 
than 25%. The mean age ± standard deviation of the 
patients analyzed in this study was 38.9±7 years. As 
shown in Fig. 2A, the distribution of the percentages 
of subhaploid nuclei was similar in different age 
groups. In the two groups of patients <35 years and 
35-39 years, 53.8% (21/39) and 51.0% (26/51) of 
the patients, respectively, had a DFI of lower than 
15%, 12.8% (5/39) and 15.7% (8/51), respectively, 
an intermediate DFI of 15-25%, and 33.3% (13/39) 
and 33.3% (17/51), respectively, a DFI higher than 
25%. By contrast, only 23.3% (17/73) of the patients 
forty years and over showed a DFI higher than 25%. 
Instead, there were more patients [23.3% (17/73)] 
with intermediate DFI (15-25%) in this age group, 
whereas the percentage of patients aged forty years 
and over with DFI lower than 15% was 53.4% 
(39/73), similar to that of the younger patients. 

The mean sperm concentrations ± standard 
deviation among all samples was 37.9±30.6 mio/ml. 
A sufficient sperm concentration of at least 14 mio/
ml as defined by the WHO (14) was determined in 

pH, progressive and total motility (14), were evaluated by 
the IVF centres themselves from freshly taken samples. In 
order to assure comparability of the data, these additional 
sperm parameters were evaluated using only the data of 
the IVF centre [Centre for Gynecological Endocrinology 
and Reproductive Medicine, Freiburg (CERF), Germany] 
which was responsible for most (n=91; 55.8%) of 
the patients included in this study (n=163). pH and 
spermatocyte morphology was analyzed in sperm samples 
from 50 and 48 patients, respectively, of these 91 patients. 

Statistical analysis
In order to describe the correlation between the 

percentage of subhaploid nuclei and other sperm 
parameters, negative linear or logarithmic functions were 
approximated and the Pearson’s correlation coefficient 
(r) was determined. Differences were considered to be 
significant if the probability of their occurrence by chance 
was <0.05 (paired two-tailed Student’s t-test). 

RESULTS
	

Previous studies have shown that the DNA 
fragmentation index (DFI) is a better predictor of 
pregnancy after IVF and ICSI than conventional 
sperm parameters (12). In the present study sperm 
samples from patients sent to our laboratory by 
several infertility centres were analyzed for DNA 
damage. Therefore, spermatocytes were lysed by a 
hypotonic lysis buffer containing propidium iodide 
and nuclei were analyzed for their size and content 
of DNA by flow cytometric analysis. 

As shown in Fig. 1A (upper left panels), artefacts 
resulting from the buffer alone (data not shown) were 
excluded from the analysis by appropriate gating 
using the FSC/SSC analysis. 

As a positive control for the induction of DNA 
damage, a sperm sample of a patient with a low rate of 
subhaploid nuclei (low DFI) (control) was incubated 
for 24 h in supplemented MEM medium without 
fructose to induce spontaneous apoptosis (Fig. 1A, 
upper panel). To assess their size and DNA content, 
sperm nuclei were analyzed in the FSC/FL3-PI 
channel (Fig. 1A, upper mid panels). Non-apoptotic 
nuclei were characterized by a high FSC and FL3-
PI signal (control). Incubation of spermatocytes for 
24 h in cell culture medium caused loss of DNA and 
fragmentation of nuclei indicated by an increase of 
small nuclei with lowered DNA content (subhaploid 
nuclei). In order to quantify the percentage of 
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with high DFI (>25%) were observed, indicating an 
inverse correlation between these two sperm quality 
parameters.

In Fig. 2C the inverse correlation between sperm 
concentration and the percentage of subhaploid 
nuclei is shown. The distribution of the sperm 

75.5% (123/163) of the patients. As shown in Fig. 
2B, in the group of patients with sperm concentration 
lower than 14 mio/ml the percentage of samples with 
≥25% of subhaploid nuclei (DFI) was 70% (28/40). 
By contrast, in only 13.5% (19/123) of the patients 
with sperm concentrations of ≥14 mio/ml samples 

Fig. 1. Analysis of subhaploid nuclei in sperm. Spermatozoa were incubated in Nicoletti buffer and analyzed by flow 
cytometry. A) The percentage of subhaploid nuclei (DNA fragmentation index; DFI) is indicated by the marker. Upper 
panel: Representative result of an untreated sperm sample with a low percentage of subhaploid nuclei (control) and after 
incubation for 24 h in cell culture medium. Lower panel: Percentage of subhaploid nuclei of sperm samples, which were 
untreated (control) and incubated for 24 h in cell culture medium, respectively. Data are means + standard deviations 
resulting from the analysis of three different samples. Significant differences from untreated spermatozoa are indicated 
by *** (p<0.001). B) Representative results of four different patients with low DFI (<15%), intermediate DFI (15-25%) 
and high DFI (>25%).

S. GRÖBNER ET AL.
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DFI did not increase in patients aged forty years and 
over when compared to younger patients, indicating 
that DFI did not increase with age.  

In addition to sperm concentration (Fig. 2C), 
several further WHO sperm parameters were 
evaluated by the IVF centres themselves from 
freshly-taken sperm samples (Fig. 3).

As shown in Fig. 3A, no significant correlation 
was found between the percentage of subhaploid 

concentrations and percentages of subhaploid nuclei 
of all patients analyzed approximately followed a 
negative logarithmic function, as depicted in Fig. 2C. 

In the present study an inverse correlation between 
the rate of subhaploid nuclei indicated by the DFI 
and the concentration of spermatocytes was shown 
in sperm samples of 163 patients consulting one 
of the infertility centres included in this study. The 
percentage of patients with intermediate and high 

Fig. 2. Distribution of the percentage of subhaploid nuclei and sperm concentration among the sperm samples (n=163). 
A) Absolute and cumulative frequencies of the percentage of subhaploid nuclei among all patients and in different groups 
of age, respectively. B) Absolute and cumulative frequencies of the percentages of subhaploid nuclei in two groups of 
patients with low (<14 mio/ml) and high (≥14 mio/ml) sperm concentration according to the world health organization 
(WHO). C) Inverse correlation between the percentage of subhaploid nuclei and sperm concentration. 
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DISCUSSION

Conventional evaluation of the sperm quality 
includes the microscopic analysis of the sperm 
concentration, motility and morphology (14). 

nuclei and sperm volume (p>0.1). By contrast, both 
progressive and total sperm motility were negatively 
correlated with the percentage of subhaploid 
nuclei, as depicted in Fig. 3B (p<0.05) and Fig. 3C 
(p<0.005), respectively.

Fig. 3. Relationship between the percentage of subhaploid nuclei and additional sperm parameters (n=91). A) No 
significant correlation between subhaploid nuclei and sperm volume. Inverse correlation between subhaploid nuclei and 
progressive motility (B) and total motility (C).

S. GRÖBNER ET AL.
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membrane permeable dye SYBR-14 to assess not 
only dead cells (SYBR-14/PI double positive) but 
also viable cells (SYBR-14 positive/PI negative) 
(11, 22, 23). 

In contrast to all these previously described 
methods, in the present study we used the DNA-
specific dye PI not for staining of whole dead sperm 
cells, but for staining all sperm nuclei resulting 
from plasma membrane lysis of sperm cells by 
hypotonic buffer. With this flow cytometric method, 
haploid nuclei can easily be distinguished from 
subhaploid nuclei (Fig. 1B), which result from 
DNA fragmentation and consecutive DNA loss 
or fragmentation of nuclei. The advantage of this 
method compared to other flow cytometric sperm 
DNA fragmentation assays, like the TUNEL assay, is 
that samples do not need to be fixed prior to staining 
of cells. However, a limitation of both of these 
methods is the lack of quantification of the degree 
of DNA damage within a single cell, which can be 
determined with the sperm chromatin structure assay 
(SCSA). However, SCSA causes DNA strand breaks 
by the procedure itself (11). Using the method 
described here, the population of spermatozoa in 
fact having damaged DNA is measured, and artificial 
DNA fragmentation induced by short time incubation 
of sperm cells in hypotonic lysis buffer containing 
PI can be excluded. Moreover, the flow cytometric 
events which were included in the analysis were 
to determine easily as PI-positive and therefore, 
with high probability as DNA-containing nuclei or 
nucleus fragments, respectively. Hence, although 
not completely excluded, both underestimation and 
overestimation of spermatocyte damage which has 
been described with several other methods (11) can 
be widely excluded when analysing the percentage 
of subhaploid nuclei.

In the present study, sperm samples with lower 
than 15% subhaploid apoptotic nuclei indicating the 
DNA fragmentation index (DFI) were interpreted 
as unsuspicious result which cannot explain male 
subfertility. Patients with DFI 15% or higher were 
advised to change their lifestyle (for example, 
stop smoking), exclude other factors of enhanced 
DNA fragmentations, such as infections or 
chemotherapeutic agents, and to supplement their 
nutrition with anti-oxidants. Whereas patients 
with DFI between 15% and 25% were advised to 

However, the predictive value of this conventional 
analysis is limited as 50% of the couples with failed 
IVF showed a normal pre-IVF WHO-sperm-analysis 
(17). 

The rate of DNA-damaged, apoptotic spermatozoa 
not only correlates negatively with conventional 
WHO semen quality parameters (1), but also with 
fertility and pregnancy rates after IVF (2, 9, 12, 18). 
In assisted reproduction medicine intra-cytoplasmatic 
sperm injection (ICSI) is used in most of the cases 
(2, 9), thereby circumventing the natural selection 
process of spermatozoa with damaged DNA. 
Consequently, a positive correlation between the rate 
of DNA-damaged spermatozoa and miscarriage and 
increased risk of defects in the offspring has been 
observed (2). Correspondingly, the outcome after 
ICSI was better in the group with ≤20% TUNEL 
positive spermatozoa indicated by higher pregnancy 
and lower miscarriage rates when compared to the 
group with >20% TUNEL positive spermatozoa (9). 
Moreover, after intrauterine insemination (IUI) no 
pregnancy was achieved when more than 12% of the 
spermatozoa were TUNEL positive (19). In general, 
the rate of apoptosis in human sperm is increased 
in infertile men (20), whereas only 0.1-10% of 
spermatozoa of healthy donors are apoptotic (21). 

Besides the TUNEL method, several other flow 
cytometric methods have been described in humans 
and animals for the assessment of sperm DNA 
fragmentation or cell death indicated by disintegrity 
of the plasma membrane (11, 22, 23). Whereas the 
sperm membrane integrity is related to many sperm 
functions, especially motility, sperm DNA integrity 
is important for normal early embryo development 
(11). With all the methods described above, whole 
sperm cells are analyzed, either fixed (TUNEL assay) 
or not (plasma membrane integrity assays). Since 
propidium iodide, a plasma membrane impermeable 
dye, can leak in after destabilization of the cell 
membrane, staining of DNA by PI in whole sperm 
cells indicates damage of the cell membrane integrity 
of the sperm head, where most of the sperm DNA 
is found. Simultaneous assessment of the plasma 
membrane and acrosomal integrity can be achieved 
by combination of PI with the acrosome membrane 
specific dye FITC-PNA (peanut agglutinin) (11). The 
so called “live/dead staining” uses a combination of 
the cell membrane impermeable dye PI and the cell 
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sperm concentrations lower than 14 mio/ml was 
high, whereas sperm samples fulfilling the WHO 
quality parameter of ≥14 mio/ml strongly correlated 
with low DFI values (Fig. 2B). 

In contrast, neither sperm volume (Fig. 3A) 
nor pH (n=50, data not shown, p>0.1) revealed 
a significant correlation with the percentage of 
subhaploid nuclei. Since both of these parameters 
are strongly dependent on the function of the male 
adnex organ, a correlation was not to be expected.

High rates of sperm DNA fragmentation are 
associated with recurrent pregnancy loss since 
DNA repair in spermatocytes is limited (26). 
Aitken et al. have hypothesized that DNA repair 
might be performed by the oocyte (2). Thereby, the 
measurement of subhaploid nuclei described here 
might be also a useful method for the prediction of 
the course of a spontaneous pregnancy.

Several anti-oxidative interventions have been 
described to decrease the DNA fragmentation 
index of human sperm, such as giving up heavy 
smoking (2), decrease of the body mass index 
thereby preventing systemic oxidative stress (27), 
and oral supplementation with antioxidants such as 
vitamin C and vitamin E (28). Hence, the success 
of such measures could be easily monitored by flow 
cytometric analysis of subhaploid nuclei. 

After cryopreservation of sperm, a decrease of the 
sperm concentration, motility rates and an increase 
of annexin V positive spermatocytes was observed 
(29). In accordance, Alvarez et al. reported a case of 
a successful ICSI procedure using a cryopreserved 
sperm sample with low DNA fragmentation rate 
(30). Hence, for assisted reproductive technologies 
such as ICSI, the very rapid flow cytometric analysis 
of subhaploid nuclei described here might be useful 
to easily select cryopreserved sperm samples with 
low DNA fragmentation rate. 

We describe here a very rapid and easy to perform 
flow cytometric assay to measure the percentage of 
subhaploid, DNA-damaged nuclei according to the 
protocol of Riccardi and Nicoletti (15). Advantages 
of this protocol are the low costs of the reagents 
required for the combined detergent buffer/staining 
solution, the long-term storability of the staining 
buffer, and the missing need of cell fixation and 
longer incubation periods, respectively. Hence, 
after a single washing step, spermatocytes can be 

intrauterine insemination (IUI), patients with DFI 
more than 25% were advised to intra-cytoplasmatic 
sperm injection (ICSI) since a previous study has 
shown that after ICSI even patients with >20% 
TUNEL positive spermatozoa are able to achieve 
pregnancy, probably due to reparative mechanisms 
of the oocyte (9).

Usually, density gradient centrifugation and 
subsequent swim-up technique are used for the 
preparation of sperm samples for ICSI and IUI, 
respectively, causing an out-selection of immature, 
abnormal, DNA-damaged, subhaploid spermatocytes 
with poorly condensed chromatin and leaky cell 
membranes (1). On the contrary, DNA fragmentation 
by the preparation itself probably is enhanced and can 
be circumvented by renouncing centrifugation and 
use of special cell culture media supplemented with 
antioxidants, such as glutathion, N-acetylcystein, 
hypotaurin, and catalase (9). Additionally, there are 
attempts to increase the rate of intact spermatocytes 
in ejaculates by magnetic cell sorting (24). In our 
study, native, washed cells of human ejaculates were 
analyzed.  

We showed here a negative correlation between 
the rate of subhaploid nuclei and concentration of 
spermatocytes (Fig. 2C) and between the percentage 
of subhaploid nuclei and motility (Fig. 3B and Fig. 
3C). This is in correspondence with other groups 
demonstrating that DNA damage and apoptosis in 
ejaculated human sperm is correlated with WHO 
sperm quality markers like sperm concentration and 
motility (1, 2, 6, 20). A possible explanation is that, 
as a consequence of accumulated DNA-damage, 
spermatocytes lose their motility and, induced by 
production of mitochondrial ROS, undergo apoptotic 
or necrotic cell death (6). Moreover, evaluation 
of 48 of the sperm samples included in our study 
revealed that also the percentage of spermatocytes 
with normal morphology negatively correlated 
with the percentage of subhaploid nuclei (p<0.05, 
data not shown), suggesting that DNA-damage 
might cause development of dysmorphologic 
spermatocytes. It has been described previously that 
the inverse correlation between sperm concentration 
and the apoptotic index can be observed only in 
normal sperm samples reaching the WHO quality 
parameters (25). Correspondingly, in our study the 
variation of the DFI values of sperm samples with 
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Pulmonary fibrosis occurs as a common end-stage sequela of a number of acute and chronic lung 
diseases. Eicosanoids exert crucial roles in inflammatory processes pertinent to fibrogenesis induction, 
however, the role of cyclooxygenase 2 (COX-2) is not fully elucidated in most pulmonary fibrosis related-
disorders. Recently, melatonin (MLN) has been introduced as an effective immuno-modulator and 
anti-oxidant agent. The present study aimed to investigate the effect of MLN on COX-2 expression in 
idiopathic pulmonary fibrosis (IPF). Animals were divided into five groups, including: 1) saline control, 
2) 1% ethanol control, 3) MLN control, 4) bleomycin (BLM), in which mice were injected with BLM (15 
mg/kg, i.p.) two times per week for four weeks, and 5) BLM+MLN, in which MLN was given to mice 
(10 mg/kg, i.p.) 30 minutes prior to BLM injections for four weeks. MLN administration significantly 
reduced body weight loss (P<0.05), the rate of mortality, edema formation, lung injury, COX-2 expression 
(P>0.05), interstitial tissue percentage volume (P<0.05), and also increased the alveolar space percentage 
volume. MLN attenuated the BLM-induced lung injury responses such as collagen accumulation and 
airway dysfunction in mice. Finally, histological evidence supported the ability of MLN to inhibit COX-2 
expression. Thus, it may serve as a novel potential therapeutic agent for IPF.
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Pulmonary fibrosis is a condition which is 
characterized by the aggregation of collagen in the 
extracellular matrix, proliferation and migration of 
fibroblasts, and alveolar number declining capable 
of gas exchanging in the lung. The most common 
and fatal condition subtype of pulmonary fibrosis 
is called IPF with a median survival of 3-5 years 
following diagnosis (1). It is a chronic, progressive, 
irreversible, and usually lethal lung disease with 

unknown cause. The worldwide incidence of IPF 
is estimated to be 10.7 cases per 100,000 and 7.4 
cases per 100,000 of persons per year for males 
and females, respectively (2). Unfortunately, the 
pharmacologic therapy for IPF is limited and there 
are no effective treatments currently available (3). 
A large body of evidence suggested that injury to 
the alveolar epithelium is generated following a 
burst of pro-inflammatory and fibroproliferative 
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performed immunohistochemical staining for 
special COX-2 to evaluate the effect of MLN on its 
expression.

MATERIALS AND METHODS

Animals
Male C57BL/6 mice (25-30 g), obtained from the 

Pasteur Institute of Iran, was housed in  standard laboratory 
cages and a 12-h light/dark cycle was maintained while 
mice had access to water and rodent laboratory chow 
ad libitum. Experiments were carried out according to 
the ethical guidelines for the care and use of laboratory 
animals.

Animal model of bleomycin induced lung fibrosis
After recording their weight,  the animals were 

divided into five groups: 1) saline control group; 2) 1% 
ethanol control group; 3) MLN control group; 4) BLM 
group, in which mice were injected with BLM (15 mg/kg, 
i.p.) twice per week for 4 weeks; (5) BLM+MLN group, 
in which MLN was given to mice (10 mg/kg, i.p.) 30 min 
prior to BLM injections for 4 weeks. 

Preparation of lung tissue
Thirty days after the end of treatment, mice were 

anesthetized and sacrificed. Through median incision, the 
thorax of the mice was opened  and a small portion of both 
lungs was cut  out and used for histopathological analysis. 

Histopathological observation
For preparation of paraffin-embedded samples, 

pulmonary tissue was fixed using 10% neutral formalin 
solution and sectioned at approximately 4-6 μm of 
thickness. The prepared sections were stained with 
hematoxylin-eosin to analysise routine histology 
parameters and Masson’s trichrome for evaluation of 
collagen deposition. The slides were examined by light 
microscopy and photographed.

Immunohistochemical analysis for COX-2
COX-2 immunohistochemistry was  performed 

using a COX detection kit (Abcam, USA) according to 
the manufacturer’s instructions. Tissue samples were 
embedded in paraffin, sectioned (4-6 μm), deparaffinized 
in xylene, and then were rehydrated in graded ethanol 
solutions. The slides were then blocked with 5% BSA 
(bovine serum albumin) in TBS (Tris-buffered saline) 
for 2 hours. The sections were then immunostained with 
primary antibody (rabbit polyclonal IgG against mice 
COX-2) and incubated overnight at 4°C. After washing 
the slides with TBS, the sections were incubated with 
goat anti-rabbit secondary antibody. Sections were 

mediators associated with normal tissue repair (4, 
5). The prostanoid generating enzyme, COX-1 has 
a constitutive expression in most cells and tissues, 
whereas COX-2 is expressed only when induced 
by inflammatory or mitogenic stimuli. One of 
these prostanoids, i.e. prostaglandin E2 (PGE2), is 
a major inflammatory mediator, which is derived 
from endogenous arachidonic acid by COX-1 and 
COX-2 enzymes (6, 7). It plays important roles in 
the pulmonary reparative processes via modulating 
inflammation. Moreover, in IPF, the levels of PGE2 
and COX-2 in cultured fibroblasts have been shown 
to be reduced (8). The limited capacity of fibroblasts 
to up-regulate PGE2 synthesis has been shown to be 
due to decreased expression of COX-2 in fibroblasts 
derived from IPF patients (8-10). 

Bleomycin (BLM) is a chemotherapeutic drug 
used clinically for a variety of human malignancies. 
Unfortunately, BLM induces pulmonary 
inflammation through the production of reactive 
oxygen species (ROS), which eventually progresses 
to fibrosis. BLM-induced lung fibrosis is a widely 
used animal model resembling human IPF (11). 
In response to ROS, resident lung cells release 
inflammatory mediators and cytokines into the 
surroundings, induce recruitment of neutrophils, 
and eventually increase the expression of inducible 
enzymes such as COX-2 which stimulates the 
production of large amounts of pro-inflammatory 
mediators (12, 13). It has been reported that in BLM-
induced animal model of pulmonary fibrosis, the 
inhibitor of cyclooxygenase, such as indomethacin, 
reduced pulmonary fibrosis (14). 

Melatonin (MLN) has a variety of anti-
inflammatory, antioxidant, and immunoregulatory 
effects when it is applied exogenously under both 
in vivo and in vitro conditions (15). It has been 
demonstrated that MLN inhibits the expression of 
the COX genes and restricts the excessive production 
of prostanoids, and as well as other mediators of the 
inflammatory responses (16-21). Considering the 
strong antioxidant and anti-inflammatory properties 
of MLN, we conducted this study to better understand 
its preventive roles and its effect on COX-2 expression 
in pulmonary fibrosis mouse model. To this end, 
the MLN deterrent effect on fibrosis development 
and progression by employing histochemical and 
morphometric methods was examined. Then, we 
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for the BLM+MLN group, only 3 mice were dead. 
Our results suggest that adding MLN reduces the 
mortality rate from 50% to 30%.

Weight changes
As shown in Fig. 1, results indicated that 

the average weight of the BLM-treated group is 
significantly (P<0.05) lower than the control groups 
(saline, ethanol %1, MLN). By comparing BLM 

then washed with TBS and incubated for 5-10 min in a 
solution of 0.02% diaminobenzidine containing 0.01% 
hydrogen peroxide. Counter staining was performed using 
hematoxylin, and the slides were visualized under a light 
microscope. 

Counting the number of COX-2 positive cells in the 
surface unit

To assess cyclooxygenase protein expression, 
COX-2 positive cells were counted. These cells were 
characterized by brown cytoplasm. Here, in order to 
gain a better analysis, 10 serial sections were picked up 
from each group and the number of positive cells was 
counted in surface unit. Six μm slides were provided for 
each group, blocked, and stained based on the detailed 
immunohistochemical method (which was mentioned 
earlier). Then, sections were examined using optical 
microscope with magnification of 40x and graticule. After 
that, the number of COX-2 positive cells in the surface 
unit was counted and recorded for each section. 

Estimating the percentage volume of alveolar space and 
interstitial tissue

Ten serial slides were selected from each group and 
using an optical microscope with magnification of 40x, 
the number of crossing points of graticule with alveolar 
space and interstitial tissue sections were counted. Scaled 
graticule contained 14 longitudinal lines and 14 cross-
bar lines which had 196 crossing points in total. For 
example, in one of the sections, 156 and 40 crossing 
points for alveolar space and interstitial tissue were 
recorded, respectively. Finally, considering the graticule 
section surface and thickness of each section, the volume 
percentage of alveolar space and interstitial tissue was 
calculated. So, the total volume percentage was estimated 
based on summation of volume percentages (10 sections). 

Statistical analysis
Data are presented as the means±standard deviation 

(SD). Multiple comparisons were carried out using one-
way analysis of variance (ANOVA) followed by Tukey’s 
post hoc test. Statistical significance was acceptable to a 
level of p<0.05. 

RESULTS

Mortality
One-month after BLM and MLN injection, 

experimental groups were evaluated carefully and 
the mortality rate was recorded. Our results showed 
that 5 mice from a total 10 mice belonging to the  
BLM group had survived (50% of mortality), while 

Fig. 1. Body weight in different groups. Data are presented 
as the mean ± SD. *, P<0.01 vs control. #, P<0.05 vs 
BLM+MLN. ≠, P<0.02 vs control. 

Fig. 2. Histological analysis of lung tissue after H&E 
staining: Normal control mice showing alveolar spaces 
and alveolar septum. (G4) BLM-treated mice showing 
collapsed and narrower alveolar spaces. The pulmonary 
interstitium is markedly infiltrated with inflammatory 
cells, leading to thickening of the interalveolar septa 
(arrow). (G5) MLN plus BLM-treated mice lung showing 
more patent alveolar spaces and reduced interstitial 
infiltrations and these features were less severe.
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stained by Masson trichrome method revealed that 
around the alveoli, the reticulin distribution was 
normal. In contrast, the lungs belonging to the 
BLM-treated mice demonstrated evident collapsed 
alveoli, obvious interalveolar septal thickening, 
and densely interstitial infiltration of inflammatory 
and non-inflammatory cells including lymphocytes, 
neutrophils, and fibroblasts (Fig. 2). 

and BLM+MLN groups, we observed that the group 
treated with MLN experienced less weight reduction. 

Morphological assessments of pulmonary tissue
Morphological assessments of control mice lung 

showed the normal characterization of pulmonary 
alveolar spaces and also septal alveolar thicknesses. 
The collagen amount and its distribution in the sections 

Fig. 3. Histological analysis of lung tissue (Masson trichrome). Control and MLT-treated mice showing the distribution 
of pulmonary interstitial reticulin indicated by thin layer. BLM-treated mice showing the excessive collagen deposition in 
the interstitial lung tissue (thick dark region). MLN plus BLM-treated mice lung showing marked reduction of interstitial 
deposition of collagen.

Fig. 4. Mean of alveolar space percentage volume in 
different groups. Data are presented as the mean ± SD. *, 
P<0.001 vs control. #, P<0.01 vs BLM+MLN. ≠, P<0.01 
vs control.  

Fig. 5. Mean of interstitial tissue percentage volume in 
different groups. Data are presented as the mean ± SD. *, 
P<0.001 vs control. #, P<0.01 vs BLM+MLN. ≠, P<0.01 
vs control.   

M.H. KARIMFAR ET AL.



331

PROOF

Journal of Biological Regulators & Homeostatic Agents

Effects of melatonin on COX-2 expression
As shown in Table I, compared with the normal 

group, the expression of COX-2 in the BLM group 
(positive cells and the degree of staining) was 
enhanced significantly (P<0.05). The expression of 
COX-2 was significantly decreased in the BLM+MLT 
group (P<0.05) (Fig. 6). Our results showed that there 
was a significant difference in COX-2 expression 
between the BLM and BLM+MLN groups and 
control groups (p<0.05). Furthermore, we found 
that treatment with melatonin significantly (P>0.05) 
reduced the COX-2 expression in the BLM+MLN 
group, as compared with that of the BLM group.

DISCUSSION

Pulmonary fibrosis is a respiratory disease that may 
result from the administration of bleomycin sulfate, 
an anti-neoplastic agent that can cause this disease as 
a side effect during the treatment period of patients. 
This toxic effect has been used in experimental models 
of animals, but the underlying mechanism involved in 
the induction of the disease is not clearly understood 
(22). The results of the present study show the anti-
inflammatory, anti-oxidant and immunomudolatory 
effects of MLN in a 30-day treatment period and 
improvement in the survival of mice with acute lung 
injury after BLM administration. A murine model 
of BLM-induced pulmonary fibrosis was applied 
to determine the ability of MLN to: 1) inhibit lung 
inflammation; 2) reduce pulmonary fibrosis; 3) 
reduce lung architecture destruction and its effects 
on COX-2 expression. First, the capability of MLN 
to inhibit pulmonary fibrosis was scrutinized using 

Moreover, excessive amounts of collagen 
deposition were detectable around the alveoli. 
On the other hand, BLM+MLN-treated mice 
demonstrated outstanding suppression of the BLM-
induced inflammatory-related cellular infiltration 
as evidenced by a reduction in the interalveolar 
septal thickening and more inflation of the alveoli. 
Furthermore, the amount of deposited collagen in the 
alveolar septa was notably reduced in comparison 
with the BLM-treated lungs (Fig. 3). These protective 
effects were shown by the significant reduction in 
the collagen fiber content in the pulmonary of the 
tissue sections. MLN treatment markedly alleviated 
the degree of lung fibrosis indicated by decreased 
collagen deposition and lowered inflammation.

Percentage of alveolar space in volume unit
The results showed a significant difference 

between the BLM group and all the other groups in 
terms of alveolar space percentages in volume unit 
(P<0.05). A comparison of alveolar space percentages 
indicated that MLN had a strong chemo-preventive 
effect on the further collapsing of the alveolar spaces 
(Fig. 4).

Percentage of interstitial tissue in volume unit
The average of interstitial tissue in volume unit 

for BLM group, compared with other experimental 
groups, indicated a significant increase (P<0.05) 
(Fig. 5).

Fig. 6. Mean of COX-2 positive cells in surface unit in 
different groups. Data are presented as the mean ± SD. *, 
P<0.001 vs control. #, P<0.01 vs BLM+MLN. ≠, P<0.01 
vs control.  

Table I. Effects of MLT on COX-2 expression in BLM-
induced fibrosis.

Groups Number of COX-2 
positive cells

BLM 50
SAL 15
BLM+MLT 39
MLT 27
ETH 14
P value between groups <0.05
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characterized by focal area of fibrosis with collapse of 
air alveoli and emphysematous and associated with a 
significant increase in parenchymal collagen content 
compared to the control groups. Co-treatment of 
animals with MLN significantly reduced the collapse 
of air alveoli in lung tissue and ameliorated the lung 
fibrosis induced by BLM. These results support the 
potential anti-fibrotic effect of MLT similar to other 
antioxidants. The expression of COX-2 was further 
assessed by immunohistochemical detection. In 
agreement with previous studies, BLM induced COX-
2 expression in lungs (13). Co-treatment of animals 
with BLM and MLN significantly reduced COX-2 
expression. The effect of MLN seems to be mediated 
mainly by the inhibition of COX-2 and 5-lipogenase 
enzyme (20). However, it is acceptable that COX-2 
enzyme produces anti-fibrogenic agent PGE2 but it 
also generates fibrogenic factors such as Prostaglandin 
F2α (24). On the other hand, COX-2 generates the 
precursor molecules to produce leukotriene fibrogenic 
factors. Actually, it seems that the beneficial effects 
of MLN may also be mediated through inhibition of 
leukotriene synthesis as pulmonary fibrosis protection 
occurs in leukotriene-deficient mice (25). Anatomical, 
physiological and pharmacological evidence supports 
the existence of bilateral interactions between the 
neuroendocrine and immune systems. In this context, 
MLN plays an important role as a modulator of 
producing a great number of immunological molecules 
involved in pulmonary fibrosis. In conclusion, MLN 
attenuates the BLM-induced injury response in mice, 
such as collagen accumulation, airway dysfunction 
and injury. Finally, histological evidence supported 
the ability of MLN to inhibit COX-2 expression. The 
findings of the present study provide evidence that 
MLN may serve as a target for potential therapeutic 
approaches of pulmonary fibrosis. 
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This study aims to research the effect of dihydroartemisinin on the proliferation, metastasis and 
apoptosis in human osteosarcoma cells 143B and the underlying mechanism. This study designed five 
groups for experiment and control, using dimethylsulfoxide (DMSO), and docosahexaenoic acid (DHA) 
at concentrations of 15, 25, 35 µmol.L-1 respectively. Experiments including methyl thiazolyl tetrazolium 
(MTT) assay, clone formation assay, Hoechst 33258 staining assay, luciferase reporter plasmid assay, 
Western blot and scratch test were carried out. In addition, SPSS 18.0 software from IBM was used for 
statistical analysis and all the data obtained from the experiments were expressed as mean ± SD, and 
variance was used to compare the difference between the groups. DHA is proved to be able to inhibit the 
proliferation and metastasis of osteosarcoma cells, as well as leaving a positive effect on apoptosis in the 
cytomorphosis. It achieves regulation over the human osteosarcoma cells by keeping the expression of 
related protein under control.
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Osteosarcoma originating from the mesenchyme 
with osteogenic potential results from neoplastic 
osteoid tissue or immature bone produced by 
osteosarcoma cells, which is characterized by a 
high level of malignancy and a high probability of 
pulmonary metastasis occurring at an early stage 
(1). The development of neoadjuvant chemotherapy 
and limb salvage has improved the five-year 
survival rate to 65%~75%, while there is still 40% 
death rate resulting from pulmonary metastasis (2). 
Artemisinin and its derivatives, a malarial drug 
featuring a rapid and sound curative effect and low 
toxicity is effective for malaria, especially pernicious 
malaria and cerebral malaria that are resistant to 
chloroquine or other drugs; therefore, it is widely 
used (3). Dihydroartemisinin (DHA) with high anti-

malarial activity and strong water solubility is one 
of the important derivatives of artemisinin, which 
has a molecular formula of C15H24O5 and a molecular 
weight of 284.35. It is found that besides anti-
malarial activity, DHA also has anti-inflammation, 
immune regulation, scar proliferation inhibition and 
anti-tumor effect. Especially in its anti-tumor aspect, 
it is active in resisting tumor but leaves little toxicity 
on normal tissue cells. 

In the study by Zhan Xiaolong et al. (4), it was 
found that DHA could effectively inhibit transplanted 
tumor in nude mice with colorectal cancer. Compared 
with other derivatives, DHA possesses merits such as 
quick absorption, short response time, wide distribution 
within the body and quick excretion and metabolism. 
Currently there are a great number of studies on 



336 W. LIU ET AL.

digested by 0.25% trypsin and then dried to single cells 
for preparing the cellular suspension at a concentration of 
5×106 / L. A quantity of 100 µL cellular suspension was 
added into each well of a 96-well plate; when cells were 
adhered, they were processed according to the scheduled 
grouping (every group was octuplicated). Four hours 
before processing, 0.02 ml MTT (5 g·L) was added into 
each well. Absorbance was detected at the wavelength of 
492 nm four hours later, and the figure of cell survival was 
plotted. This experiment was repeated three times. 

Clone formation assay
Monolayer adherent cells in the logarithmic phase were 

digested by 0.25% trypsin and then dried to single cells 
for preparing the cellular suspension at a concentration of 
150/mL. A quantity of 1 ml cellular suspension was added 
into each well of a 6-well plate. When cells were adhered, 
they were processed according to the scheduled grouping. 
Cells were placed into an environment at 37°C with 5% 
CO2 and saturation humidity for cultivation for 10 days. 
Cells were washed with PBS twice after the supernate was 
removed. Then the cells were fixed in stationary liquid 
(acetic acid/methyl alcohol 1:3). Fifteen minutes later, 
cells were stained by crystal violet for 30 min. After the 
staining fluid was removed by running water, cells were 
dried. Next, cell clone formation was observed. Under 
the microscope (low power lens), clone of more than 10 
cells were counted and then the clone formation rate was 
calculated. Rate of clone formation/%= the number of 
clones/ the number of inoculated cells ×100%.

Hoechst 33258 staining
Monolayer adherent cells in the logarithmic phase were 

digested by 0.25% trypsin and then dried to single cells 
for preparing the cellular suspension at a concentration 
of 5×107/L. A quantity of 1 ml cellular suspension was 
added to each well of a 24-well plate. When cells were 
adhered, they were processed according to the scheduled 
grouping. After processing, Hoechst 33258 solution 
(1g/L) was added and then the cells were dissolved for 
7 min at 37°C and cooled over ice. Then the staining 
liquid was removed. Next, the cells were resuspended 
in PBS. The blue fluorescence was observed under 450 
um ultraviolet. Normal cells and necrotic cells presented 
weak blue while apoptotic cells presented highlight blue, 
with karyopyknosis. This experiment was repeated three 
times. 

Luciferase reporter plasmid assay 
Cells in the logarithmic phase were spread onto a 24-

well plate. When cells had adhered, Lipofectamine2000 
was used to transfect 0.3 µg reporter plasmid; five hours 
later, the transfection was stopped and the plasmid was 

protein related to the proliferation and metastasis of 
osteosarcoma cells. Song Guohui, et al. (5) explored the 
effect of SCUBE3 on osteosarcoma cell growth and its 
association with prognosis. An increased expression of 
SCUBE3 protein in osteosarcoma cells and tissue was 
found, which promote the growth of osteosarcoma cells 
by transforming the cell cycle. Based on the study on 
the effect of expression of RanBP9 on the proliferation, 
apoptosis and metastasis of osteosarcoma cells, Zhang 
Xi, et al. (6) found that RanBP9 expressed high in 
osteosarcoma cell; the expression of RanBP9 had 
influence on the biological functions of osteosarcoma 
cells, down regulation of which was able to strengthen 
proliferation and metastasis of osteosarcoma cells and 
reduce apoptosis rate.  

Starting from the effect of DHA on human 
osteosarcoma cells, this paper discusses the effect of 
DHA on the proliferation, metastasis and apoptosis 
of osteosarcoma cells, and further analyzed the 
function mechanism of DHA. 

MATERIALS AND METHODS

Experimental materials 
Human osteosarcoma cells were bought from 

American Type Culture Collection (ATCC). Cells were 
cultured in the sterile thermostat incubator at 5% CO2 and 
37°C containing 10% fetal bovine serum (FBS) and 1% 
penicillin or streptomycin (P/S). Also, in this experiment, 
methyl thiazolyl tetrazolium (MTT), dimethylsulfoxide 
(DMSO) and Trypsin/Ethylene Diamine Tetraacetic 
Acid (EDTA) solution were from Sigma in USA. DHA 
was bought from Sichuan Sanqi Pharmaceutical Co., 
Ltd, China, which was dissolved by DMSO to prepare 
70mmol/L liquid medicine. DMEM medium, FBS and 
P/S were all bought from Thermo Scientific in USA, 
and Hoechst 33258(C1011) was from Beyotime, China; 
Trypsin/EDTA solution (R-001-100) from Cascade 
Biologics, USA. The mouse monoclonal antibody VEGF 
(C-1) (Art. No. sc-7269), goat polyclonal antibody MMP-
9 (C-20) (Art. No. Sc-6840) and mouse monoclonal 
antibody β Actin (Art. No. sc -47758) were all from Santa 
Cruz Biotechnology Co., Ltd., China.

Experimental methods
Five groups were established, including Control 

(blank control), DMSO (solvent control), and DHA at 
concentrations of 15, 25, 35µmol.L-1 respectively.

MTT assay
Monolayer adherent cells in the logarithmic phase were 
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concentration increased. As shown in Fig. 1, the 
inhibition effect on survival was most obvious when 
DHA concentration reached 35 µM. There was no 
statistically significant difference in toxic injury 
(P>0.01). 

When DHA obviously inhibited the activity of 
143B cell proliferation, it inhibited the ability of 
clone formation as well, as shown in Fig. 3. The rate 
of clone formation in these five groups was 0.607, 
0.580, 0.453, 0.313 and 0.253 respectively.

In this study, the proliferating cell nuclear antigen 
(PCNA) was investigated. Western blot assay 
was performed after DHA acted on 143B human 
osteosarcoma cell for 24 h, as shown in Figs. 4 
and 5. The expression of PCNA protein was found 
to be decreased; therefore it could not act as the 
accessory protein of DNA polymerase δ, restrain 
DNA synthesis nor inhibit the proliferation of 143B 
cell. Through detecting the expression of c-Myc and 
Cyclin D1, the main components of Wnt/β-catenin 
signaling pathway and the target gene that can 
promote proliferative activity, it was observed that, 
the expression of both remarkably decreased under 
the effect of DHA, especially when the concentration 
of DHA reached 40 µM; besides, the toxic effect was 
of no statistical significant difference (P>0.1). 

DHA Induced the apoptosis of 143B human 
osteosarcoma cells

Hoechst33258 staining results of cell apoptosis 
are shown in Fig. 6. After DHA acting on 143B cells 
for 24 h, cells in the control group were observed 
to have complete form and consistent size of cell 
nucleus, and weak blue fluorescence showed even 
distribution and dispersion; compared to the control 
group, the experimental group was found to have 
cells with distinctly reduced nucleus, concentrated 
chromatin and uneven fluorescence, showing a state 
of apoptosis. The results above proved that, DHA 
was effective for inducing the apoptosis of 143B 
cells. 

By detecting the members of Bcl-2 families 
closely associated to apoptosis, including Bcl-2, 
Bad, and the protein factor Caspase-3 performing 
apoptosis, the possible mechanism of DHA inducing 
cell apoptosis was further studied regarding 
the protein level (7). Results obtained from the 
Western blot assay are shown in Fig. 6. A down-

placed on normal medium; then cells were processed 
based on grouping. Cells were lysed 24 h later and then 
luciferase activity determination was performed according 
to the instructions on the kit; next, the total protein 
concentration in lysate was detected and the activity of 
luciferase was corrected by BCA method. This experiment 
was repeated three times. The average value was taken as 
the final result. 

Western blot
After human 143B cells were processed with DHA for 

24 h, Western blot cell lysate was used according to the 
instructions and then the protein samples were collected. 
The correct amount of condensed protein buffer solution 
was added. The liquid was placed in boiling water for 10 
min to achieve a full protein denaturation. Finally, SDS-
PAGE was performed. This experiment was repeated three 
times. 

Scratch test
143B cells in a good growth state were spread onto a 

6-well plate, with a density of 5×105/L (1000 µL in each 
well) for cultivation for 6~8 h; when the cells had adhered, 
“#” was marked on them by gel pen and then they were 
rinsed with PBS. They were photographed at 0 h, 6 h, 12 
h, and 24 h after adding DHA in different concentrations. 
This experiment was repeated three times. 

Statistical analysis 
SPSS 18.0 of IBM was used for statistical analysis and 

all data obtained from the experiments were expressed as 
Mean ± SD; differences among the groups were analyzed 
by variance. 

RESULTS

DHA can inhibit the proliferation of osteosarcoma 
cell 143 B

In vitro cultured human osteosarcoma cell lines 
(MG63, U20S, 143B and Saos2) with different 
grades of malignancy were all found to be sensitive 
to DHA after being processed by DHA for 24 h 
and 48 h, as shown in Fig. 1. 143B was taken for 
the subsequent experiment as it showed the highest 
sensitivity to DHA.  

MTT method was used to detect the survival 
rate of cells after DHA acted on 143B cells for 24 
h. The results are shown in Fig. 2. Compared to 
the control group, the proliferation rate of the cells 
in the experimental group remarkably decreased. 
The inhibition effect became more obvious as the 
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DHA inhibited the ability of metastasis of 143B 
human osteosarcoma cell (scratch test)

After DHA acted on 143B cells for 6 h, the ability 
of metastasis of 143B cells in the experimental group 
was observed to be restricted, as shown in Fig. 8. 
12 or 24 h later, the effect was much more obvious, 
and the speed of cellular metastasis was quite slow 
in the experiment group, while the cells crossed 
the scratch test and recovered in the control group. 
From the above results, it was found that DHA could 
effectively inhibit the metastasis of 143B cells and 

regulated expression of Bcl-2 and an up-regulated 
expression of Bad were found, which promoted 
the combination of Bad with Bcl-2 (8) and further 
inhibited the activity of the anti-apoptosis of Bcl-2. 
Meanwhile, the expression of Caspase-3 increased, 
which showed an enhanced function on promoting 
apoptosis. Therefore, the result of the Western blot 
suggested that DHA could effectively promote the 
apoptosis of 143B cells, which might be caused by a 
higher expression of Bad and Capase-3 protein and 
a lower activity of anti-apoptosis for Bcl-2 protein. 

Fig. 1. Living cells stained with crystal violet. A) staining results of human osteosarcoma cells (MG63, U20S, 143B and 
Saos2) processed for 24 h; B) staining results of human osteosarcoma cells (MG63, U20S, 143B and Saos2) processed 
for 48 h. 

Fig. 2. OD values of control, DMSO, 10 μM, 25 μM and 40 μM DHA group after the cells were processed for 24, 36 and 
48 h.

W. LIU ET AL.
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Fig. 3. Colony formation of control, DMSO, 10 μM, 25 μM and 40 μM DHA group.

Fig. 4. Western blotting detection of proliferation associated protein markers (expression of Cyclin D1, c-Myc, PCNA and 
β-Actin in control, DMSO, 10 μM, 25 μM and 40 μM DHA group, a qualitative analysis).

Fig. 5. Western blotting detection of proliferation-associated protein markers (normalized grey density of expression of 
Cyclin D1, c-Myc and PCNA in control, DMSO, 10 μM, 25 μM and 40 μM DHA group, a quantitative analysis, by Image 
J software)  
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malaria, is internationally considered as the front line 
antimalarials. Previous researches on artemisinin are 
mainly focused on chemcial structural modifications 
for efficient anti-malaria activity. To reduce the 
toxic and side effects, multiple chemical structural 
modifications have been performed to synthesize 

the effect became more obvious over time and with 
an increased concentration. 

DISCUSSION

Artemisinin, an effective drug used for resisting 

Fig. 6. Hoechst 33258 staining of cell apoptosis in control, DMSO, 10 μM, 25 μM and 40 μM DHA group (top: fluorescent 
picture, bottom: non-fluorescent of same).

Fig. 7. The percentage of apoptotic cell (cell count of control, DMSO, 10 μM, 25 μM and 40 μM DHA group, by Image 
J software).

W. LIU ET AL.
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metastasis is the major cause of death in patients 
with osteosarcoma, as well being difficult to treat. 
The incidence and development of osteosarcoma 
is a complex process with several steps, including 
changes in gene expression of various types and 
functions (10, 11). DHA has a high anti-tumor 
activity, inhibitng the proliferation of tumor cells, 
inducing the apoptosis of tumor cells, inhibiting 
the generation of new-born vessels, reversing the 
drug-resistant tumor cells, improving its ability to 
kill tumor cells by combining with transferrin and 
providing sensitization in traditional chemotherapy 
medicine. Compared with artemisinin, DHA has a 
high water-solubility and other merits, such as easier 
assimilation, quick and highly effective excretion and 
metabolism and less toxicity. It is found that except 
for its specific anti-malarial effect, DHA also has 
an anti-inflammatory, immune regulation, and anti-
tumor effect, and it can also inhibit the proliferation 
of scars. Especially in the aspect of anti-tumor effect, 
it enjoys a high anti-tumor activity but produces little 
toxicity in normal tissue cells. 

In this paper, DHA in different concentration was 
used to act on the 143B human osteosarcoma cells in 
vitro. Based on the MTT assay, it was found that DHA 
in different concentrations can inhibit the proliferation 
of 143B osteosarcoma cells and the rate of inhibition 
is associated with the concentration and action time 

various artemisinin derivatives, of which, DHA 
which has good water solubility and the least toxicity 
and side effects. Researches focusing on other 
biological activities of artemisinin and its derivatives 
were carried out in the last ten years and found that, 
artemisinin and its derivatives demonstrate high 
biological activity in the aspect of treating tumor 
and bilharziasis as well as improving immunity. 

DHA is chemically synthesized by restoring 
artemisinin and modifying its carbon-12 atom (9); 
thus, it performs better than other derivatives of the 
same kind in the aspects of water solubility, cure 
rate, toxicity, side effects and anti-drug resistance. 
It possesses especially good effects in the treatment 
of drug-resistant cerebral malaria and pernicious 
malaria. Therefore it is widely applied for treating 
pernicious malaria and cerebral malaria that are 
resistant to chloroquine or multiple drugs and it is 
also considered as the first choice for malaria therapy 
by WHO. DHA has advantages over artemisinin 
in water solubility, absorption, toxicity and side 
effects. DHA also has an effect on anti-inflammation 
regulation, immunoregulation and scar hyperplasia 
besides specifically and efficiently treating malaria. It 
is widely appreciated for its strong effect in resisting 
tumors and its low toxicity on normal tissue cells. 

Malignancy and the rate of metastasis of human 
osteosarcoma are both high. Early pulmonary 

Fig. 8. Detection of metastasis ability of 143B cells in scratch test (scratch test of control, DMSO, 10 μM, 25 μM and 40 
μM DHA groups after cells were processed for 0 h, 6 h, 12 h and 24 h)
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of DHA. When the concentration of DHA reached 35 
µmol·L-1, there was an obvious effect in inhibiting 
proliferation 48 h later compared with the control 
group, and the difference was statistically significant 
(p<0.01). Besides, based on Hoechst 33258 staining, 
luciferase reporter plasmid assay, Western blot and 
scratch test, DHA can reduce the metastasis of 143B 
human osteosarcoma cell, compared with the control 
group; DHA can also effectively inhibit the expression 
of the relative protein, thereby further inhibiting the 
proliferation of osteosarcoma cells.
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Natural compounds are a promising source to treat several pathologies. The present study 
shows the in vivo pharmacological beneficial effect of 4(α-L-rhamnosyloxy)-benzyl isothiocyanate 
(glucomoringin isothiocyanate; GMG-ITC) obtained from glucomoringin (GMG; 4(α-L-rhamnosyloxy)-
benzyl glucosinolate), purified from Moringa oleifera seeds and hydrolyzed by myrosinase enzyme 
(β-thioglucoside glucohydrolase; E.C. 3.2.1.147). Cerebral ischemia/reperfusion (CIR) was induced in 
rats according to a classic model of carotid artery occlusion for a time period of 1 h and the reperfusion 
time was prolonged for seven days. GMG-ITC (3.5 mg GMG/ml plus 30 µl enzyme/rat; one ml i.p./rat) 
was administered 15 min after the beginning of ischemia and daily. The results clearly show that GMG-
ITC possesses the capability to counteract the CIR-induced damage reducing TNF-alpha release, IκB-
alpha cytosolic degradation/NFκBp65 nuclear translocation, as well as several other direct or indirect 
markers of inflammation (phospho-ERK p42/44, p-selectin) and oxidative stress (inducible Nitric Oxide 
Synthase (iNOS), MMP-9). GMG-ITC was shown to exert neuroprotective properties in preventing 
CIR-induced damage and the related cascade of inflammatory and oxidative mediators that exacerbate 
the progression of this disease in an experimental rat model. Our results clearly show that the tested 
phytochemical GMG-ITC possesses the capability to counteract CIR-induced damage.

4(α-L-RHAMNOSYLOXY)-BENZYL ISOTHIOCYANATE, A BIOACTIVE 
PHYTOCHEMICAL THAT DEFENDS CEREBRAL TISSUE AND PREVENTS SEVERE 

DAMAGE INDUCED BY FOCAL ISCHEMIA/REPERFUSION
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Among non-communicable diseases, stroke 
represents the third major cause of mortality (1, 2) and 
the first cause of adult long-term disability (2) in the 
world. According to the World Health Organization, 
15 million people suffer stroke worldwide each year 
and of these, 5 million die and another 5 million are 

permanently disabled (3).
Cerebral ischemia derives from drastic brain 

blood flow depletion at the level of the so-called 
ischemic core. In about 85% cases (2) the disease 
is identified as “ischemic stroke” and is the 
consequence of a cardiac arrest or of an obstruction. 
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cerebral artery (15). Therefore, the aim of the present 
study was to evaluate the efficacy of bioactive 
GMG-ITC treatment in an experimental rat model of 
cerebral ischemia/reperfusion (CIR).

MATERIALS AND METHODS

Animals
Male Sprague Dawley rats (Harlan, Italy) weighing 

350±50 g were used. Rats were housed in a prefab 
building animal facility (purchased and certified by 
Charles River Laboratories International, Inc.) with a 
controlled environment (temperature, % humidity, air 
exchange with filtering system) and standard rodent chow 
and water ad libitum. Each cage included no more than 
2 rats, and environmental enrichments supplying stimuli 
that promote the expression of species-specific behaviour 
and appropriate mental activities, were provided. 

The protocol of the present study was approved by a 
committee belonging to the Italian Higher Health Institute, 
“General Direction of animal health and veterinary drug”. 
Animal care was in compliance with Italian regulations 
on protection of animals used for experimental and other 
scientific purpose (D.M. 116/92) as well as with the 
European regulations (O.J. of E.C.L 358/1 12/18/1986). 

GMG and myrosinase purification 
GMG was isolated from M. oleifera L. (fam. 

Moringaceae) seeds (cake powder PKM2 provided by 
Indena India Pvt. Ltd; Bangalore, India) at CRA-CIN of 
Bologna, Italy according to a standardized protocol (16). 

Myrosinase-catalyzed hydrolysis of GMG 
GMG was dissolved in PBS solution pH 7.2 at 

room temperature and before rat intraperitoneally (i.p.) 
treatment, the action of myrosinase (3.5 mg GMG/ml 
plus 30 µl enzyme/ml) for 15 min at 37°C allowed having 
bioactive GMG-ITC quickly (see Fig. 1 A for in vitro 
reaction of GMG-ITC production). 

The total conversion of pure GMG into GMG-ITC 
was confirmed by HPLC analysis using an Agilent Model 
1100 HPLC system with an Inertsil ODS3 column (250 
mm x 3 mm, 5 µm). Chromatography was performed 
with 1 ml/min flow rate at 30°C by eluting with a linear 
gradient of water (A) and acetonitrile (B) from 30% B to 
80% in 20 min, monitoring the absorbance at 229 nm.

Induction of CIR and animal treatment
After anaesthesia (a solution of 100 mg/Kg tiletamine 

plus 15 mg/Kg xylazine administrated at the dosage of 1 
ml/Kg, i.p), CIR was induced in rats. Briefly, in the supine 
position, a cervical parasagittal incision was made and the 

In other cases, it is due to the breaking of arteries that 
bring oxygen (“hemorrhagic stroke”). Frequently, 
the major cause of human stroke seems to reside in 
cerebral artery thromboembolism (4). Confirmed 
by epidemiological studies, possible conventional 
risk factors leading to cerebral ischemia include: 
hypertension, diabetes mellitus, smoking, excessive 
drinking, and heart diseases (5-7). Nevertheless, 
genetic factors (8) were established to having a role 
in stroke triggering too (9). 

On the other hand, reperfusion phase following 
an ischemic event is considered a paradox, since, 
even when occurring shortly after ischemia, it can 
reduce the extent of the ischemic penumbra (referred 
to a region of reversibly altered tissue surrounding 
the ischemic core) restoring oxygen and nutrients, 
but it can also worsen the damage for the afflux of 
oxidative mediators (10).

Signs of stroke depend on the side and the region 
of brain affected, and by how severely this is injured. 
Therefore, each person may have different stroke 
warning signs. Stroke may be associated with a 
headache, or may be completely painless. Thus, the 
symptoms of cerebral ischemia range from mild to 
severe. Among them, hemiparesis, aphasia, inability 
to walk without assistance, dependence on others 
during normal daily activities are all disability 
hallmarks in survivors (2). Currently, during acute 
stroke, recombinant tissue plasminogen activator is 
prescribed in a therapeutic window of intervention 
from four and a half - six hours (11).  

In particular, glucosinolates (GLs), a group of 
secondary metabolites found almost exclusively 
in plants belonging to the Brassicales, and their 
derived isothiocyanates (ITCs) have gained great 
interest as biologically and pharmacologically active 
compounds most frequently examined for their 
beneficial therapeutic properties (12). In particular, 
the phytochemical 4(α-L-rhamnosyloxy)-benzyl 
ITC (GMG-ITC) obtained from the precursor GL 
glucomoringin (GMG; 4(α-L-rhamnosyloxy)-benzyl 
GL) by myrosinase (β-thioglucoside glucohydrolase; 
E.C. 3.2.1.147) enzyme hydrolysis (12) has been 
reported to exert anticancer and anti-inflammatory 
properties (13, 14). 

Experimentally, in preclinical studies ischemic 
stroke is broadly induced in rat through a model of 
occlusion/reperfusion of the intraluminal middle 
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established providing left/right ratio (using arbitrary units 
given by bar size in Fig. 2), and graphing the achieved 
data. Since mean of naïve left/right ratio was one, we 
considered this value as a baseline assigning an arbitrary 
value zero (no oedema). Data from the other two groups 
were elaborated using the following math formulae: Δ = 
(mean “group 1 or 2” left/right ratio - mean naïve left/
right ratio).  

Magnetic Resonance Imaging (MRI)
The study was performed with a 3T Achieva Philips 

scanner; using a 4-channels NO-SENSE animal coil. 3D 
high-resolution T1 weighted Fast Field Echo sequence 
was acquired using the following parameters: repetition 
time 11 ms; echo time 5.3 ms; flip angle 8 degrees; FOV 
120 mm2; reconstruction matrix 172 × 40; voxel size 1 x 
1 x 1 mm; slice thickness 1 mm. The acquisition time was 
15.40 min. Representative sagittal sections were extracted 
from T1-weighted volume acquisition MR imaging data 
set (29/60). 

Gait test
Rat feet were impregnated with a commercial, non-

toxic, liquid blue ink and the animals were gently placed 
a sheet of blotting paper and left to walk freely so that 
the acquired foot posture after CIR-induction was printed. 
The relative comparisons among the experimental groups 
were made and changes in gait were evaluated. 

Light microscopy
Brain tissues samples were taken 7 days after CIR-

induction. Tissues were fixed in 10% buffered formalin, 
pH 7.4. After dehydration in graded ethanol and xylene, 

left carotid artery was exposed, separated from the vagus 
nerve and occluded for 1 h by clamping with a small 
vascular clip, inducing hypotension to generate a cerebral 
ischemia animal model. GMG-ITC (3.5 mg GMG/ml plus 
30 µl enzyme/rat; one ml i.p./rat) was administered 15 
min after the beginning of ischemia and daily for a total 
period of blood flow reperfusion of 7 days. Finally, rats 
were euthanized and brain samples were taken in order 
to perform subsequent morphological evaluation and 
Western blot analysis.

Experimental groups
Rats were randomly allocated into the following 

groups (n = 30 total animals):
•	 Group 1 - Untreated CIR group: rats were 

subjected to 1h of carotid artery occlusion followed by 
1 week of reperfusion (n = 10). PBS solution (vehicle of 
GMG) was administered i.p. 15 min after the beginning of 
ischemia and daily until the sacrifice;

•	 Group 2 - GMG-ITC-treated CIR group: rats 
were subjected to surgical procedures described above and 
GMG-ITC was administered 15 min after the beginning of 
ischemia and daily (n = 10). 

•	 Group 3 - Naïve group: control rat group not 
subjected to CIR-damage (n = 10). Rats were daily 
administered with PBS solution until sacrifice (7th day).

At the end of the experiment, the animals were 
euthanized. Brain tissue samples were taken and processed 
in order to evaluate disease parameters.

Oedema
For all sacrificed animals (n = 10 for each experimental 

group), a measure of brain hemisphere oedema was 

Fig. 1. Chemical structure and production of 4-(α-L-rhamnosyloxy)benzyl isothiocyanate (GMG-ITC). Myrosinase-
catalyzed hydrolysis of GMG to produce GMG-ITC (A).
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Sections were incubated overnight with the following 
primary antibodies: 

•	 anti-IkB-alpha polyclonal antibody (1:100 in 
PBS v/v; Santa Cruz Biotechnology, Inc), 

•	 anti-MMP9 monoclonal antibody (1:100 in PBS 
v/v; Cell Signaling Technologies), 

•	 anti-iNOS polyclonal antibody (1:100 in PBS 
v/v; Santa Cruz Biotechnology, Inc) 

•	 anti-p-selectin monoclonal antibody (1:100 in 
PBS v/v; Santa Cruz Biotechnology, Inc). 

Sections were then washed with PBS and incubated 
with secondary antibody. Specific labeling was detected 
with a biotin-conjugated goat anti-rabbit IgG and 
avidin-biotin peroxidase complex. The counterstain 
was developed with diaminobenzidine (brown) and 
ematossilin (blue background).

To verify the binding specificity, some sections 
were also incubated with only the primary antibody or 
with only the secondary antibody. In these situations, 
absence of positive staining was found in the sections, 
indicating that the immunoreaction was positive in all the 
experiments carried out. All sections were observed using 
light microscopy (Leica ICC50 HD). Leica Application 
Suite V4.2.0 software was used as the image computer 
program to acquire pictures and to perform densitometric 
analysis.

Western blot analysis
All Western blot procedures aimed to assess the 

expression of mediators of CIR development were 
performed according to protocol published elsewhere used 
by Galuppo et al. for this procedure (14) and modified 
here for brain tissue.

Proteins were separated on sodium dodecyl 
sulfate-polyacrylamide minigels and transferred onto 
nitrocellulose membranes (Protran nitrocellulose transfer 
membrane; Whatman Schleicher and Schuell, Dassel, 
Germany), blocked with PBS containing 5% non-fat 
dried milk (PM) for 45 min at room temperature, and 
subsequently probed at 4°C overnight with the follow 
primary antibodies: TNF-alpha (1:100 in PM 0.1% Tween 
20 (PMT) v/v; Cell Signaling Technologies), NFkBp65 
(1:1000 in PMT v/v; Cell Signaling Technologies), 
phospho-ERK p42/44 (1:1000 in PMT v/v; Cell Signaling 
Technologies), ERK 2 (1:2000 in PMT v/v; Cell Signaling 
Technologies). 

Horseradish peroxidase-conjugated goat anti-mouse 
IgG or horseradish peroxidase-conjugated goat anti-rabbit 
IgG were incubated as secondary antibodies (1:2000 in 
PMT v/v; Santa Cruz Biotechnology, Inc) for 1 h at room 
temperature. To ascertain that blots were loaded with 
equal amounts of protein lysates, they were also incubated 
with GAPDH-horseradish peroxidase conjugated primary 

the tissues were paraffin embedded and cut into 7-µm 
thick coronal sections. Tissue sections were stained 
with haematoxylin/eosin (H&E) and studied using light 
microscopy (Leica ICC50 HD). 

Golgi stain
FD Neurotech kit (FD NeuroTechnologies, Ellicott 

City, MD, USA) was used for Golgi impregnation of tissue, 
according to the manufacturer’s instructions (17). Briefly, 
brain samples were placed directly into solution (A + B) 
containing mercuric chloride, potassium dichromate and 
potassium chromate, without rinsing, and remained there 
for 2 weeks in the dark at room temperature. Forty-eight 
hours after placing in solution C (4°C), brains were frozen 
on dry ice and stored at -70°C until sectioning. Cryostat 
sections (100 μm) were cut at -25°C and mounted onto 
gelatinized slides. The slides were allowed to dry in the 
dark, and the rest of the staining process was carried out 
as previously described (17). Cresyl violet was used as 
background colour to counterstain.

Terminal deoxynucleotidyltransferase-mediated UTP end 
labeling (TUNEL) assay

To test whether spinal cord damage was associated 
with cell death by apoptosis, we measured TUNEL-like 
staining in the perilesional spinal cord tissue. TUNEL 
assay was conducted by using a TUNEL detection kit 
according to the manufacturer’s instructions (Apotag, 
HRP kit DBA, Milan, Italy). Sections were incubated with 
15 mg/ml proteinase K for 15 min at room temperature 
and then washed with PBS. Endogenous peroxidase was 
inactivated by 3% H2O2 for 5 min at room temperature 
and then washed with PBS. Sections were immersed 
in terminal deoxynucleotidyltransferase (TdT) buffer 
containing deoxynucleotidyl transferase and biotinylated 
dUTP, incubated in a humid atmosphere at 37°C for 1 
h, and then washed with PBS.  Sections were incubated 
at room temperature for 30 min with anti-horseradish 
peroxidase-conjugated antibody, and the signals were 
visualized with diaminobenzidine and controstained with 
methyl green. 

Immunohistochemical (IHC) localization 
Brain tissues were fixed in 10% (w/v) PBS-buffered 

formaldehyde, and 6-µm sections were prepared from 
paraffin-embedded tissues. After deparaffinization, 
endogenous peroxidase was quenched with 0.3% (v/v) 
hydrogen peroxide in 60% (v/v) methanol for 30 min. 
Nonspecific adsorption was minimized by incubating 
sections in 2% (v/v) normal goat serum in PBS for 20 
min. Endogenous biotin or avidin binding sites were 
blocked by sequential incubation for 15 min with biotin 
and avidin, respectively. 

M. GALUPPO ET AL.
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Moreover, brain samples from untreated CIR 
rats characterized by oedema show also detachment 
of the cerebellum. This was confirmed by MRI. A 
sagittal view of rat brain, interpreted by two blinded 
experienced radiologists, reveals hyperintense 
areas in the cerebellum, mesencephalon tectum, 
diencephalon (thalamic portion) and telencephalon 
(Fig. 3 A). 

Also, an exam of gait given by footprint shows 
some differences in rat foot posture. The ischemic 
event induced some modifications in gait of 
untreated CIR-injured rats (left panel Fig. 3 B), 
while administration of GMG-ITC reducing infarct 
volume and protecting from CIR-associated damage 
results in absence of visible changes in footstep 
(right panel Fig. 3 B).  

In addition, rats subjected to CIR but not 
pharmacologically treated with GMG-ITC showed 
severe damage of brain tissue with loss of normal 
structural architecture mainly due to severe CIR. 
More in detail, at the level of the hippocampus there 
is an evident zone characterized by oedema and 
presence of inflammatory cells in the perivascular 
area (data not shown). 

Moreover, also the cerebellum and the cortex 
of the diencephalon show swelling with diffuse 
infiltration of lymphocytes and neutrophil cells (Fig. 
4 A, B). GMG-ITC reduces the degree of histological 
alteration as demonstrated by H&E staining. Rats 
pharmacologically treated with GMG-ITC display 
absence of cellular mediators of inflammation and 
oedema both in the cerebellum and cortex of the 
diencephalon (Fig. 4 C and D).

GMG-ITC preserves brain synaptic functionality 
and plasticity protecting neuronal cells by apoptosis 

Hypoxia resulting from an ischemic event and 
the following oxidative stress mediator production 
lead to an abnormal number of dendrite spines that 
are often permanent associated with brain disorders 
and correlated to abnormal neuronal cell function 
in terms of biochemical signals, in particular Ca2+-
mediated synaptic plasticity (18). Sections of brains 
sampled by both GMG-ITC-treated and untreated 
CIR-injured rats were cut at the level of the dental 
nucleus of hippocampus and dendrite spine density 
was analyzed via Golgi impregnation. In the dentate 
gyrus of CIR-injured rats the number of tree branches 

antibody (1:1000 in PMT v/v; Cell Signaling Technology). 
Relative proteic band expression was visualized using 

an enhanced chemiluminescence system (Luminata™ 
Forte, Western HRP substrate, Millipore) and proteic 
bands were acquired and quantified with ChemiDoc™ MP 
System (Bio-Rad, Segrate, Italy) and a computer program 
(ImageJ software), respectively. Blots are representative of 
three separately performed and reproducible experiments. 
Statistical analysis was performed on three repeated blots 
performed in separate experiments.

Statistical evaluation
Data were elaborated using GraphPad Prism version 

6.0 (GraphPad Software, La Jolla, CA, USA). For multiple 
comparison, one-way analysis of variance (ANOVA) 
followed by Bonferroni test were conducted to analyze 
any statistical difference. A p value < 0.05 was considered 
to be statistically significant. Results are expressed as 
mean ± S. E. M. of n experiments.

RESULTS

Effect of GMG-ITC treatment on CIR injury in 
rats: macroscopic and MRI report associated to 
histological evaluation of brain tissue

Following craniotomy and brain sampling 
naïve rats did not show any macroscopic alteration 
or oedema (Fig. 2 A). Conversely, looking at the 
macroscopic anatomy of the brain, it is clear that 
7 days following CIR the craniotomy of untreated 
rats shows the presence of hyperemia, fibrosis (see 
arrows) and cerebral oedema (Fig. 2 B). On the 
contrary, as shown in Fig. 1C, treatment of CIR with 
GMG-ITC results in the resolution of inflammatory 
and vascular processes (left panel Fig. 2 C) and in 
the recovery of a normal volume in the cerebral  
hemisphere size (right panel Fig. 2 C).

To display this parameter, an arbitrary measure 
to quantify the dimensional differences between left 
and right hemispheres in a same brain sample was 
chosen. Therefore it is possible to appreciate, as in 
untreated CIR-injured rats, that cerebral capillary 
dysfunction leads to oedema (right panel Fig. 2 B). 
However, GMG-ITC treated CIR rats did not show 
this difference (right panel Fig. 2 C). A measure of 
brain oedema was arbitrarily obtained providing 
the mean ratio between left and right hemisphere 
for each experimental group (Fig. 2 D). Data were 
correlated with absence of oedema in naïve animals 
and delta of this difference was shown.
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Effect of GMG-ITC on TNF-alpha release following 
CIR

To test whether treatment with GMG-ITC 
modulates the inflammatory processes triggered by 
CIR-induction via the regulation of pro-inflammatory 
cytokine secretion, we analyzed brain expression 
levels of TNF-alpha by Western blot analysis. This 
showed a significant increase in TNF-alpha release 
in brain samples collected 7 days after CIR-induction 
from untreated rats (Fig. 6 A). Brain levels of TNF-

resulted significantly reduced (Fig. 5 A). Conversely, 
GMG-ITC-treatment protects the neuronal functional 
disruption (Fig. 5 B). 

To corroborate the above results, TUNEL staining 
was performed showing the presence of apoptotic 
bodies both in cortex (Fig. 5 C, see particle C1) and 
in cerebellum (Fig. 5 E) of untreated-CIR rats. GMG-
ITC treated CIR rats showed absence of apoptotic 
cells both in cortex (Fig. 5 D) and in cerebellum (Fig. 
5 F).

Fig. 2. Macroscopic anatomy of the brain and oedema following CIR. Representative figures are shown for all experimental 
groups each consisting of n=10 animals. At the macroscopic analysis, brain sampled by naïve rats shows physiological 
(A) condition and absence of oedema (A, right panel). On the contrary, 7 days after CIR, the craniotomy of untreated rats 
shows the presence of hyperemia, fibrosis (see arrows) and cerebral oedema (B). Treatment of CIR with GMG-ITC results 
in the resolution of inflammatory and vascular processes as well as in regression of cerebral hemisphere oedema (C, right 
panel). Units must be considered as an arbitrary measure of the bar put to quantify the dimensional differences between 
left and right hemispheres in a same image. So it is possible to appreciate as in untreated CIR-injured rats, cerebral 
capillary dysfunction leads to an alteration of hemisphere proportion (B, right panel). Conversely, GMG-ITC-treated CIR 
rats do not show this difference (C, right panel). Presence of brain oedema in untreated CIR and GMG-ITC-treated rats 
were compared to naïve (absence of oedema, value 0) and the differences were statistically evaluated and graphed (D). A 
p < 0.05 was considered significative. ** p = 0.0018; **** p = 0.0001 

M. GALUPPO ET AL.
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Fig. 3. CIR caused alterations in brain and in gait. A sagittal view of rat brain by MRI reveals hyperintense areas in 
the cerebellum, mesencephalon tectum, diencephalon (thalamic portion) and telencephalon (A). Also, an exam of gait 
given by footprint shows some alteration in foot posture of untreated CIR-rat (left panel, B). Administration of GMG-ITC 
reduced infarct volume and provided a significant protection from CIR-associated damage, as reflected in foot gait (right 
panel, B). 

Fig. 4. GMG-ITC preserves brain following CIR injury. The cerebellum (A) and the cortex of the diencephalon (B) show 
swelling with diffuse infiltration of lymphocytes and neutrophil cells. GMG-ITC-treatment in CIR-injured rats reduces the 
degree of histological alteration displaying absence of cellular mediators of inflammation and oedema both in cerebellum 
(C) and in the cortex of the diencephalon (D).
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levels, increased in brain samples taken from rats 
subjected to CIR (Fig. 6 B) and reduced by treatment 
with GMG-ITC (Fig. 6 B). 

Effect of GMG-ITC on IkB-alpha and NFkBp65 
following CIR 

To investigate the cellular mechanism by which 

alpha were attenuated by administration of GMG-
ITC (Fig. 6 A).  

Effect of GMG-ITC on phospho-ERK p42/44 
expression following CIR

Western blot analysis of brain tissue homogenates 
revealed some differences in phospho-ERK p42/44  

Fig. 5. GMG-ITC prevents dendritic loss and apoptosis in CIR-injured rats. Golgi impregnation performed on sections 
cut at level of dental nucleus of hippocampus shows on the dentate gyrus of CIR-injured rats a number of tree branches 
significantly reduced (A). Conversely, GMG-ITC-treatment protects by neuronal functional disruption (B).  TUNEL 
staining was used for a measure of apoptosis. Both in cortex (C, see particle C1) and in cerebellum (E) sections sampled 
from untreated-CIR rats show the presence of apoptotic bodies.  Conversely, GMG-ITC treated CIR rats display absence 
of apoptotic cells both in cortex (D) and in cerebellum (F).

M. GALUPPO ET AL.



351

PROOF

Journal of Biological Regulators & Homeostatic Agents

Fig. 6. GMG-ITC prevents TNF-alpha release following CIR. Brain levels of TNF-alpha were assessed by Western blot 
analysis. A significant increase in TNF-alpha release is assessed in brain samples collected 7 days after CIR-induction 
from untreated rats, when compared to naïve rats. Conversely, brain levels of TNF-alpha are attenuated by administration 
of GMG-ITC (A). A p value < 0.05 was considered significative. ** p = 0.0039; ## p = 0.0035.  GMG-ITC modulates 
Mitogen-activated protein kinase (MAPK) signaling pathway. Phospho-ERK p42/44 expression levels normalized on 
ERK2 display an increase in rats subjected to CIR (D), when compared to naïve rats. Treatment with GMG-ITC reduces 
levels of ERK1/2 (D). A p value < 0.05 was considered significative. ** p = 0.0049; ## p = 0.0064.
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Fig. 7. GMG-ITC avoids IkB-alpha degradation and nuclear traslocation of NFkBp65. Brain sections of cerebellum 
samples from rats subjected to CIR show a marked positivity for IkB-alpha into nucleus (A), whereas brain sections 
obtained from rats treated with GMG-ITC exhibited positive staining for IkB-α only in the cytoplasmatic compartment 
(B). In the figures, arrows show tissue localization of the immunopositivity for IkB-alpha. Western blot analysis of NF-
kBp65 (C) shows in rats subjected to CIR a nuclear traslocation of NF-kBp65 due to its activation (C). On the contrary, 
treatment with GMG-ITC reduced the expression levels for NF-kBp65 in nuclear protein extract (C). Naïve rat brain 
shows a totally negative expression for NF-κBp65 in nuclear extract (C). Densitometric analysis was performed to show 
all differences (D). A p value < 0.05 was considered significative. ND not detectable, *** p = 0.0005; * p = 0.0322.

M. GALUPPO ET AL.

from rats treated with GMG-ITC exhibited only 
cytoplasmatic positivity for IkB-alpha staining (Fig. 
7 B, see arrows).

This was confirmed by Western blot analysis 
of NF-kBp65 (Fig. 7 C). Rats subjected to CIR 
exhibited a nuclear traslocation of NF-kBp65 due to 
its activation (Fig. 7 C). On the contrary, treatment 
with GMG-ITC reduced the expression levels for 

GMG-ITC treatment may attenuate the development 
of CIR and the associated damage, we evaluated 
IkB-alpha degradation in brain sections collected 
after 7 days of reperfusion by immunohistochemical 
localization. Brain sections of cerebellum sampled 
from rats subjected to CIR showed a marked IkB-
alpha translocation to nuclear compartment (Fig. 
7 A, see arrows), whereas brain sections obtained 
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Fig. 8. Protective role of GMG-ITC against MMP-9, iNOS and p-selectin expression. In diencephalon (A) and cerebellum 
(B) sections cut from untreated rats subjected to CIR show a positive immunostaining for MMP-9. Brain section samples 
from rats treated with GMG-ITC did not stain for MMP-9, either in diencephalon (C) or cerebellum (D). An increased 
tissue immunolocalization of iNOS is displayed in untreated rats following CIR (E) while, GMG-ITC significantly reduces 
the degree of positive staining for iNOS (F). P-selectin expression is increased in rat brains following CIR in absence 
of pharmacological treatment (G) while, GMG-ITC significantly reduces the degree of positive staining for p-selectin 
(H). Densitometric analysis (I): immunohistochemical images of MMP-9, iNOS and p-selectin were quantified and the 
intensity was represented as % of positive staining on total tissue area. A p value < 0.05 was considered significative. ND 
= not detectable; *** p = 0.0002; ### p = 0.0004; * p = 0.0274.
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involved in ischemic stroke development by previous 
authors (20), are strongly inhibited by GMG-ITC 
administration. In addition, the contribution of 
p-selectin as an adhesion molecule that stimulates 
rolling of leukocytes and other inflammatory cell 
infiltration in post-ischemic cerebral stroke in the first 
15 minutes of ischemia (21) was also modulated by 
GMG-ITC administration. Data regarding untreated 
CIR-injured rats have confirmed that when the 
upregulation of p-selectin resulted more prolonged 
it appeared to reflect both increased expression on 
the cerebral endothelial cells and the binding of 
p-selectin positive platelets to the vessel wall (22), 
causing, in turn, an exacerbation of the processes 
leading to neurodegeneration at the origin of CIR. 
Also, the MAPK pathway, investigated through 
detection of phospho-ERK p42-44 expression, 
resulted upregulated in CIR-related mechanisms 
of pathology (23) but attenuated by GMG-ITC 
administration. 

Upstream of this cascade, NF-κBp65 positively 
regulates the expression of various genes, including 
TNF-α, IL-1β, adhesion molecules. Many of them 
also re-activate NF-κBp65 itself, amplifying and 
perpetuating the inflammatory response (20). 
Our results confirmed that CIR injury promoted 
inflammation by acting on the IkB-alpha/NF-κBp65 
pathway and stimulating the downstream-associated 
response but together they have demonstrated that 
GMG-ITC administration can inhibit the activation of 
NF-κBp65 and prevent inflammation in rats with CIR. 

A class of enzymes, which resulted up-regulated 
in CIR, is represented by metalloproteinases (MMP), 
in particular MMP-9. These, associated to an over-
expression of inducible nitric oxide synthase, seem 
to contribute to brain oedema and to degradation of 
the blood–brain barrier (24, 25). 

In conclusion, 4(α-L-rhamnosyloxy)-benzyl 
isothiocyanate, a bioactive phytochemical derived 
from GMG hydrolysis reaction, has proven to block 
the production of oxidative stress mediators and 
the related processes, decreasing MMP-9, as well 
as iNOS over-expression, defending cerebral tissue 
and preventing severe damages induced by focal 
ischemia/reperfusion. 

In summary, the relevance of the present 
study consists in the possible use of the bioactive 
phytochemical GMG-ITC, produced by myrosinase-

NF-kBp65 in nuclear protein extract (Fig. 7 C). 

Effect of GMG-ITC on MMP-9, iNOS and p-selectin 
expression following CIR

By immunohistochemical stain, brain sections of 
diencephalon (Fig. 8 A, see densitometric analysis Fig. 
8 I) and cerebellum (Fig. 8 B, see densitometric analysis 
Fig. 8 I) cut from untreated rats subjected to CIR 
exhibited positive staining for MMP-9, whereas brain 
sections obtained from rats treated with GMG-ITC did 
not stain for MMP-9, either in diencephalon (Fig. 8 C, 
see densitometric analysis Fig. 8 I) or cerebellum (Fig. 
8 D, see densitometric analysis Fig. 8 I).   

Immunohistochemical localization of iNOS in 
brain tissues of untreated-CIR rats sampled after 
seven days of reperfusion, displayed an increased 
expression of this marker following CIR (Fig. 8 E, 
see densitometric analysis Fig. 8 I), while treatment 
with GMG-ITC significantly reduced the degree of 
positive staining for iNOS (Fig. 8 F, see densitometric 
analysis Fig. 8 I). Moreover, evaluating p-selectin 
expression in ischemic cerebral tissue, our results 
clearly showed an increased expression of adhesion 
molecules following CIR in the vascular endothelium 
(Fig. 8 G, see densitometric analysis Fig. 8 I) while, 
treatment with GMG-ITC significantly reduced the 
degree of positive staining for p-selectin (Fig. 8 H, 
see densitometric analysis Fig. 8 I).

DISCUSSION

Ischemic stroke, charged to the cerebrovascular 
system, leads to serious complications associated 
with high disability and death (19). With the 
present experimental model we have clearly 
shown what happens during CIR in the absence 
of pharmacological treatment. Signs of disease, 
recorded following CIR induction, reflect human 
condition characterized by gait impairment, 
palpebral ptosis as well as cerebral oedema and 
fibrosis. Microscopic and immunohistochemical 
investigations have further clarified the mechanisms 
involved in the neurodegeneration associated with 
CIR (loss of synaptic connections and neuronal 
cell death) and have at the same time demonstrated 
a protective effect of GMG-ITC. In further detail, 
inflammatory intermediaries, first released during 
CIR, such as TNF-alpha, that have been shown to be 



355

PROOF

Journal of Biological Regulators & Homeostatic Agents

and cerebral hemorrhage in Chinese individuals. 
PLoS One 2014; 9:e105516.

10.	 Breschi GL, Librizzi L, Pastori C, Zucca I, 
Mastropietro A, Cattalini A, de Curtis M. Functional 
and structural correlates of magnetic resonance 
patterns in a new in vitro model of cerebral ischemia 
by transient occlusion of the medial cerebral artery. 
Neurobiol Dis 2010; 39:181-91. 

11.	 Wardlaw JM, Murray V, Berge E, del Zoppo GJ. 
Thrombolysis for acute ischaemic stroke. Cochrane 
Database Syst Rev 2014; 7:CD000213. 

12.	 Fahey JW, Zalcmann AT, Talalay P. The chemical 
diversity and distribution of glucosinolates and 
isothiocyanates among plants. Phytochemistry 2001; 
56:5-51.

13.	 Brunelli D, Tavecchio M, Falcioni C, et al. The 
isothiocyanate produced from glucomoringin inhibits 
NF-kB and reduces myeloma growth in nude mice in 
vivo. Biochem Pharmacol 2010; 79:1141-48. 

14.	 Galuppo M, Giacoppo S, De Nicola GR, et al. 
Antiinflammatory activity of glucomoringin 
isothiocyanate in a mouse model of experimental 
autoimmune encephalomyelitis. Fitoterapia 2014; 
95:160-74. 

15.	 McAuley MA. Rodent models of focal ischemia. 
Cerebrovasc Brain Metab Rev 1995; 7:153-80.

16.	 Giacoppo S, Galuppo M, De Nicola G, et al. 4(alpha-
l-rhamnosyloxy)-benzyl isothiocyanate, a bioactive 
phytochemical that attenuates secondary damage in 
an experimental model of spinal cord injury. Bioorg 
Med Chem 2015; 23:80-88. 

17.	 Feng J, Yan Z, Ferreira A, et al. Spinophilin regulates 
the formation and function of dendritic spines. Proc 
Natl Acad Sci U S A 2000; 97:9287-9292. 

18.	 Nimchinsky EA, Sabatini BL, Svoboda K. Structure 
and function of dendritic spines. Annu Rev Physiol 
2002; 64:313-53.

19.	 Tu Q, Cao H, Zhong W, Ding B, Tang X. Atorvastatin 
protects against cerebral ischemia/reperfusion injury 
through anti-inflammatory and antioxidant effects. 
Neural Regen Res 2014; 9:268-75.

20.	 Liu X, Mei Z, Qian J, Zeng Y, Wang M. Puerarin 
partly counteracts the inflammatory response after 
cerebral ischemia/reperfusion via activating the 
cholinergic anti-inflammatory pathway. Neural 
Regen Res 2013; 8:3203-15.

hydrolysis of GMG, as a therapeutic agent in 
counteracting the inflammatory response and 
oxidative injury induced by CIR. In light of the 
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Multidrug resistance (MDR) mediated by P-glycoprotein (Pgp) remains one of the   major obstacles 
to effective cancer chemotherapy. Several chemosensitizers have been used in vivo and in vitro to 
reverse MDR but have exhibited several unwanted side effects. Antipsychotics are often administered 
to treat psychiatric disorders such as delirium, anxiety and sleep disorders in cancer patients during 
chemotherapy. The present in vitro study, examined the effects of two common antipsychotic compounds, 
haloperidol and risperidone, and a natural compound such as theobromine on reversing MDR Pgp-
mediated, to evaluate their potential use as chemosensitizing agents.  The human doxorubicin (doxo) 
resistant uterine sarcoma cells (MES-SA/Dx5) that overexpress Pgp (100-fold), were treated with the 
antipsychotic alone (1, 10 and 20 µM) or in combination with different concentrations of doxo (2, 4 
and 8 µM). The accumulation and cytotoxicity of doxo  (MTT assay) and cellular GSH content (GSH 
assay) in comparison with verapamil, a well-known Pgp inhibitor, used as reference molecule were 
examined. It was found that the three compounds significantly enhanced the intracellular accumulation 
of doxo in resistant cancer cells, when compared with cells receiving doxo alone (p<0.05). Furthermore, 
compounds showed strong potency to increase doxo cytotoxicity toward resistant MES-SA/Dx5 cells, 
when compared with untreated control cells. The antipsychotic compounds also significantly increased 
GSH content at all concentrations (> 30%) in resistant cells, when compared to untreated control cells 
(p<0.05). These findings suggest that the antipsychotics or their derivatives might represent a novel class 
of reversal agents for overcoming MDR in cancer therapy, in particular theobromine showed to be an 
effective Pgp inhibitor with the lowest toxicity. 
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Multidrug resistance (MDR) of tumour cells to 
chemotherapeutic agents is a critical problem in 
the treatment of human cancers (1- 5). One of the 
main mechanisms for the development of MDR is 
the overexpression of a 170-kDa integral membrane 

protein, P-glycoprotein (Pgp), that  acts as an 
energy-dependent efflux pump, exporting a wide 
variety of structurally and functionally unrelated 
chemotherapeutic agents from cancer cells. As a 
result, their intracellular accumulation is reduced, 
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achievable in human serum. Intracellular doxo 
accumulation and cytotoxicity were determined. 
Furthermore, the levels of total intracellular 
glutathione (GSH) were measured to evaluate 
oxidative state after treatment of the resistant sarcoma 
cells with various concentrations of antipsychotics. 
Concentrations of doxo which can be achieved in 
the blood of patients undergoing chemotherapy 
treatments were used. The results were compared 
to those obtained with Verapamil (Ver), a calcium 
blocker, used as positive control (25).

MATERIALS AND METHODS

Chemicals 
Doxorubicin (doxorubicin hydrochloride), verapamil 

and 3-(4,5 dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT), haloperidol, risperidone, 
theobromine, dichlorofluorescein diacetate (DCF-DA), 
dithionitrobenzoic acid (DTNB) and dimethyl sulfoxide 
(DMSO) were purchased from Sigma-Aldrich Co. (St 
Louis, MO, USA). All chemicals and drugs were freshly 
dissolved before use, except for doxorubicin, which was 
stored in a stock solution of 1 mM in PBS at -20° C in 
the dark. 

Cell lines and cell cultures 
The doxo-resistant human uterus sarcoma cell line 

MES-SA/Dx5 was obtained from the European Collection 
of Cell Cultures (Salisbury, UK) and grown in 25 cm2 
plastic culture flasks (Iwaki Company, Japan) containing 
15 ml McCoy’s 5a medium (Euroclone, Wetherby West 
Yorkshire, UK) supplemented with 10% heat-inactivated 
fetal bovine serum (Euroclone), 2 mM L-glutamine, 
penicillin (1000 U/ml) and streptomycin (100 µg/ml) in 
a humidified atmosphere of 95% air and 5% CO2 at 37°C. 
Cells were sub-cultured every 3-4 days after treatment 
with 0.05% trypsin and 0.02 % EDTA in Ca++ and Mg++ 
free 1X Phosphate Buffered Saline (PBS). Cells were 
periodically checked for Mycoplasma contamination.

Intracellular accumulation of doxorubicin
MES-SA-Dx5 cells were seeded on 24-well culture 

dishes at a density of 1x105 cells/well (Corning-Costar 
Corp., Corning New York, USA) and incubated for 72 
h in growth medium alone at 37°C in an atmosphere 
containing 5% CO2 and 95% air to allow cell attachment. 
At confluence, cells were washed three times with PBS 
at 37°C and treated with  different concentrations of  
haloperidol  (1, 10 and 20 µM), risperidone  (1, 10 and 
20 µM) or theobromine (1, 10 and 20 µM) at 37°C. After 
incubation for 24 h at 37°C, all pre-treated cells were 

and consequently their cytotoxicity, in many forms 
of human malignant tumours (6-12). Generally, 
MDR is associated with poor survival of cancer 
patients because by increasing resistant cancer cell 
population constituting the tumour, the anticancer 
chemotherapy becomes inefficient. In recent years, 
several  groups of drugs called chemosensitizers 
have been used in vivo and in vitro to depress efflux 
activity of Pgp in multidrug resistant cells and have 
shown to increase the intracellular accumulation of 
cytostatics to the cytotoxic concentration for these 
cells (13-16). However, their clinical application 
is limited because of their toxicities. Therefore, 
the search for alternative treatments with safer 
compounds are needed. Effects of several natural 
compounds including sedatives, flavonoids, and  
honokiol and natural hepatoprotective compounds 
such as cynarin  on the resistance cells were tested 
in our previous reports (17-19). Psychiatric disorders 
such as delirium, anxiety and sleep disorders affect 
cancer patients during chemotherapy and are often 
correlated with worsened disability and poorer quality 
of life. Therefore, psychopharmacological treatment 
in clinical oncology is an important tool in order  to 
obtain a more integrated care of cancer (20). The aim 
of this study, which  is a continuation of our previous 
research conducted on drugs already in clinical use 
for supportive care in cancer patients, is to assess 
the effect of two synthetic drugs, haloperidol and 
risperidone (21-22) , used as first line antipsychotics 
to manage and treat psychiatric disorders  of 
cancer patient during chemotherapy. In addition, 
the effect of  a natural compound, theobromine 
(3,7-dimethylxanthine), a methylxanthine present 
in high concentration in cocoa (23), on Pgp activity 
in a human resistant sarcoma cell line (MES-SA/
Dx5) that expresses high levels of Pgp (100-fold) 
and is resistant to doxorubicin (doxo), will also be 
analysed (24). This anticancer drug is a well-known 
Pgp substrate and is frequently used in combination 
with other drugs to treat several human tumours. The 
antipsychotic compounds could interact with Pgp and 
act as chemosensitizers, modifying drug transport 
activity and influencing tumour cell sensitivity to 
chemotherapy. In this study, MES-SA/dx5 cells were 
treated with three different doxo concentrations (2, 
4 and 8 µM), alone and in combination with three 
different concentrations of antipsychotic compounds 
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Measurement of intracellular glutathione 
The total intracellular GSH levels of MES-SA/Dx5 

cells were measured according to Ellman’s method  (27). 
Briefly, MES-SA-Dx5 cells were seeded on 24-well 
culture dishes at a density of 1x 106 cells/well (Corning-
Costar Corp., Corning New York) and incubated for 72 
h in growth medium alone at 37°C in an atmosphere 
containing 5% CO2 - 95% air. The monolayers were 
then exposed for 3 h to different concentrations of 
haloperidol (1, 10 and 20 µM), risperidone (1, 10 and 20 
µM) or theobromine (1, 5 and 10 µM) and Ver (10 µM) 
at 37°C. For total GSH determinations, the cells were 
washed with PBS and solubilized with 250 µl of 4 M 
NaOH for 2 h and then neutralized with 500 µl of 2 M 
HCl. After centrifugation 0.1 ml aliquot of supernatants 
was added to 0.9 ml of phosphate/EDTA buffer (0.2 M 
potassium phosphate, 0.01 M EDTA, pH 7.4) containing 
dithionitrobenzoic acid (DNTB, 0.2 mg/ml). The increase 
in absorbance at 412 nm (TNB formation) was monitored 
with a Cary 3C UV-visible Spectrophotometer for 15 min 
against an appropriate blank and quantified using molar 
adsorption coefficient ε=13600 M-1 cm-1. Control MES-
SA/Dx5 wells containing medium only were used as 
control. The assay was carried out in triplicate. Cellular 
GSH concentrations (nmoles for 1 x 106 cells) were 
expressed as percent of control (100%).

Statistical analysis
The results are expressed as mean ±SD and analyzed 

for statistical significance with Student’s t-test between 
the control and compounds. p-values of <0.05 were 
considered significant.

RESULTS

Effects of antipsychotics on doxo accumulation in 
MES-SA/Dx5 cells

As shown in Fig. 1, pre-incubation of cancer 
cells for 24 h at 37°C with various concentrations 
of haloperidol, risperidone and theobromine 
significantly increased the doxo concentration 
capacity at all doxo concentrations when compared 
to those cultures treated with doxo alone (p<0.05). In 
particular, as shown in Fig. 2, the mean percentage 
of doxo accumulation capacity after exposure 
at 2 µM concentration of doxo in presence of 
haloperidol, risperidone and theobromine at 1, 10 
and 20 µM were 31.9±4.8; 42.5±4.4; 44.5±3 and 
43.1±7.2;44.5±4.5; 50.1±3.7 and 38.6±6.5; 43.1±3; 
49.2±2.2, respectively. In combination with 4 
µM doxo concentration were 30.4±3.1; 33.2±5.6; 

exposed to three different doxo concentrations (2, 4 and 8 
µM) and the monolayer cultures were then incubated for 
3 h at 37°C. In these experiments, Ver at 10 µM was used 
as a positive control drug. All values were averaged from 
at least three wells for each experiment. In the next step, 
wells were washed three times with ice-cold PBS (pH 7.4) 
to stop doxo accumulation and cells were solubilized with 
250 µl of 4 M NaOH for 2 h and neutralized with 500 µl 
of 2 M HCl. The concentration of doxo was determined 
fluorimetrically (excitation, 475 nm; emission, 580 nm) 
with a fluorescence spectrophotometer (Perkin Elmer LS 
45). The amount of doxo accumulated inside cancer cells 
pre-treated with the antipsychotic compounds or Ver was 
expressed as a percentage of doxo retention in control 
cells (doxo alone) at the selected concentrations (2, 4 and 
8 µM) and was measured using the following formula: 
doxo accumulation (%): 100 x (F treated – F control) / 
F treated, where F treated = mean fluorescence of wells 
treated with haloperidol, risperidone, theobromine or Ver 
prior treatment with doxo; F control = mean fluorescence 
of wells treated with doxo alone.

Cytotoxicity assay 
The growth inhibition of MES-SA/Dx-5 cells after 

treatment with antipsychotics alone or in combination with 
doxo, was analyzed with MTT cell proliferation assay (26). 
Briefly, cells were seeded into 96-well microplates (Iwaki 
Company, Japan) at a density of 1x104 cells/well in growth 
medium (200 µl) and incubated in atmosphere of 5% CO2 
at 37°C for 24 h. MDR reversal effect of antipsychotics 
was determined by cultivation of MES-SA/Dx5 cells at 
different concentrations of doxo (2, 4, and 8 µM) in absence 
or presence  of haloperidol  (concentrations used: 1, 10 and 
20 µM), risperidone (1, 10 and 20 µM)  or  theobromine 
(1, 10 and 20 µM) and incubated at 37°C for 72 h. MES-
SA/Dx5 cells containing medium alone were used as 
negative control for optical density (OD). Doxo with 10 
µM Ver was used as positive control. The cytotoxicity of  
each drug itself was also measured. After incubation, wells 
were rinsed with PBS before adding 100 µl of MTT (0.5 
mg/ml) in drug-free medium to each well. The reaction 
was run for additional 4 h and the soluble formazan dye 
produced by metabolically active cells was solubilized in 
100 µl of 0.04 N HCl-isopropyl alcohol and quantified at 
37°C on a Spectra max 190 Microplate Spectrophotometer 
reader (Molecular Devices) at the wavelength of 550 nm. 
Each experiment was performed in triplicate. The percent 
of cell growth inhibition was evaluated as: (1-OD treated 
well/OD control well) x 100, where OD treated wells 
corresponded to the mean absorbance values of cells pre-
treated with antipsychotic compounds or Ver, whereas OD 
control well corresponded to the mean absorbance values 
of untreated malignant cells. 
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Table I. Cytotoxic effects of doxorubicin (doxo) alone and in combination with the antipsychotic compounds or Verapamil 
in MES-SA/Dx5 cells.

Control % G.I.* doxo2µM % G. I. doxo4µM % G. I. doxo8µM % G. I.

Medium 1.22±0.03

doxo2µM 1.03±0.05 15.4±4.6

doxo4µM 0.94±0.03 23±3

doxo8µM 0.83±0,02 32.3±1.5

Ver10µM 1.1±0.04 11.3±4.6 0.57±0.02 53±1.7 0.51±0.02 58±2.2 0.44±0.01 65±1.3

H 1 µM 1.15±0.02 6±1.0 0.88±0.02 28.3±1.1 0.72±0,03 41±2 0.57±0.02 53.3±2

H 10 µM 1.12±0.01 9±1.1 0.72±0,02 41±2 0.58±0.02 53±2 0.52±0,02 58±2

H 20 µM 1.03±0.05 16±5.2 0.6±0.02 51.6±2 0.44±0.05 64.3±4 0.35±0.04 71.6±3.2

R 1 µM 1.16±0.01 5±1.2 0.98±0.05 26.2±7.2 0.77±0.02 37.3±2 0.66±0.02 45.6±1.5

R 10 µM 1.12±0.02 9±2 0.7±0.05 43±4 0.61±0.03 50.3±3 0.57±0.03 53.3±2.5

R 20 µM 1.05±0.08 14.6±7.5 0.55±0.05 55.3±4.5 0.53±0.01 57±1.7 0.48±0.02 61.3±1.5

T 1 µM 1.2±0.01 2±0.9 0.99±0.04 20±4.9 0.88±0.02 28.3±2.3 0.76±0.02 38±1.4

T 10 µM 1.18±0.03 3.3±2.1 0.88+0.01 28±1 0.79±0.04 35.3±3.5 0.7±0.02 43±2

T 20 µM 1.14±0.01 7±1.7 0.8±0.03 34±2.6 0.62±0.02 49.6±2.3 0.57+0.02 53±2

*Percentage of Cell Growth Inhibition. Data are reported as mean ± SD from three independent measurements. H: 
haloperidol; R: risperidone; T: theobromine; Ver: Verapamil 

Fig. 1. Effect of antipsychotic compounds on doxo accumulation on MES-SA/Dx5 cells. The graph shows the doxo  
fluorescences on resistant cells pre-treated for 24 h at 37°C with Verapamil (10 µM); haloperidol (1, 10, 20 µM), risperidone 
(1, 10, 20 µM) and theobromine (1, 10, 20 µM) after incubation for 3 h at 37°C with three different concentrations of 
doxo (2, 4 and 8 µM). Results are expressed as the mean ± S.D. of three different experiments compared with the mean 
fluorescence of un-pre-treated control cells. All the values were significant (p<0.05) when compared with control.

A. ANGELINI ET AL.
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Fig. 2. Mean percentage of increase in intracellular doxo accumulation in MES-SA/dx5  resistant cells pre-treated for 
24 h at 37°C with Ver: Verapamil (10 µM); H: Haloperidol (1, 10, 20 µM),; R: Risperidone (1, 10 20 µM) and T: 
Theobromine (1, 10, 20 µM) in combination with three different doxo molar concentrations (2, 4 and 8 µM), compared to 
corresponding  untreated cells (doxo alone). All the values were significant compared to control (p<0.05).  Date are the 
mean ± S.D. of three experiments.

Fig. 3. Total intracellular GSH concentrations in resistant MES-SA/Dx5 cells after treatment for 3 h with Ver: Verapamil  
(10 µM), halo: haloperidol (1, 10, 20 µM); rispe: risperidone (1, 10 20 µM) and theo: theobromine (1, 10, 20 µM).  Cells 
treated with medium alone were used as control (100%). Results are expressed as a percentage of control. All the values 
were significant (p<0.05) except the theobromine 1 µM when compared to control untreated cells. Data are the mean ± 
S.D. of three determinations.
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3.5 (risperidone plus dx 2 µM) and 1.62; 2.1; 2.4 
(risperidone plus dx 4 µM) and 1.4; 1.65; 1.89-fold 
(risperidone plus dx 8 µM), respectively.  In presence 
of theobromine (1, 10 and 20 µM) increased by 1; 
1.8; 2.2; (theobromine plus dx 2 µM) and 1.2; 1.5; 
2.1; (theobromine plus dx 4 µM) and 1.1; 1.3; 1.6-
fold (theobromine plus dx 8 µM) respectively, when 
compared to the corresponding cells treated with 
doxo alone. However, results normalized for toxicity 
of antipsychotic compounds reported in Table I show 
a recovery of theobromine, in particular at 20 µM 
concentration in combination with 4 and 8 µM doxo, 
when compared with cancer cells treated with doxo 
alone (p<0.05).

Effects of antipsychotics on cellular GSH 
concentrations in MES-SA/Dx5 cells

The effects of antipsychotics and Ver on cellular 
GSH content in MES-SA/Dx5 cells are shown in 
Fig.3. All three compounds significantly increased 
intracellular GSH levels at all concentrations (1, 10 
and 20 µM) when compared to control cells (p<0.05). 
However, in cancer cells treated with haloperidol 
and risperidone we observed that mean cellular GSH 
levels at 1 µM molar concentration were already 

39.3±4.1 and 27.7±2.8; 28±2.6; 33.3±4.3; and 
26.2±5.3; 30.4±3.9; 36.7±5, respectively, and with 
8 µM doxo were 16.7±2.4; 26.8±4; 37.8±4.5 and 
11±2.3; 15.9±3.1; 19.4±5.1 and 11±4; 11.8±3.3; 
28.8±3.7, respectively. The values of Ver (10 µM) 
used in combination with 2, 4 and 8 µM were 
49,7±2.1; 46±7; and 27.5±5.1, respectively (Fig. 2). 
All values were significant compared to control cells 
(p<0.05).

Effects of antipsychotics on doxo cytotoxicity in 
MES-SA/Dx5 cells 

The data reported in Table I show that 
antipsychotic compounds combined with doxo 
significantly increase the sensitivity of MES-SA/
Dx5 cells to doxo after 72 h of incubation at 37°C at 
all doxo concentrations when compared with control 
cells treated with doxo alone (p<0.05). In fact, growth 
inhibition using 2, 4 and 8 µM doxo concentrations 
in the presence of haloperidol (1, 10 and 20 µM) 
showed  increases of 1.83; 3.0; 3.3 (haloperidol  
plus dx 2 µM), 1.78; 2.3; 2.7 (haloperidol plus dx 
4 µM) and 1.65; 1.36; 2.2-fold (haloperidol plus dx 
8 µM) respectively, whereas in combination with 
risperidone (1; 10 and 20 µM) increased by 1.7; 2.7; 

Fig. 4. Mean percentage of cell growth inhibition (G.I.) in doxo resistant sarcoma cells after treatment for 72 h at 37°C 
with doxo alone (2,4,8 µM) and in combination with antipsychotic drugs at the indicated concentrations, when compared 
to untreated control cells. The percentages of G.I. of each compound alone are also reported. Results are the mean ± S.D. 
of three experiments.

A. ANGELINI ET AL.
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findings, antipsychotics also increased sensitivity of 
doxo in  resistant sarcoma cells as measured by MTT 
proliferation cell assay. In fact, as shown in Table I, 
all three psychotic compounds at all concentrations 
(1, 10 and 20 µM) enhanced the cytotoxic effects 
of doxo at all three doxo concentrations (2, 4 and 8 
µM) when compared to control cells.  The increase 
was more elevated  in presence of the lowest 
concentrations (2 µM or 1.1 µg/ml) of doxo, (1.83; 
3.0; 3.3 and 1.68; 2.7; 3.5; and 1.29; 1.8; 2.23-fold, 
respectively) which is a concentration lower than 
the higher serum concentrations achieved when the 
standard doses of doxo are used in clinical protocols 
(8-10 µg/ml). However, it is interesting to note that 
cytotoxic effects of haloperidol  and risperidone 
themselves on tumour cells alone were higher than 
theobromine, as shown in Table I. Consequently, 
whether the percentage of growth inhibition was 
calculated subtracting the cytotoxic activity of both 
haloperidol and risperidone alone from the respective 
values obtained in combination with different doxo 
concentrations, it is possible to note a marked recovery 
of theobromine at all concentrations (1, 10 and 20 
µM) in combination with all doxo concentrations 
(2, 4  and 8 µM) when compared to control cells. In 
particular, 20 µM theobromine in combination with 
doxo 4 and 8 µM was able to significantly (p<0.05) 
reduce cell proliferation of cancer cells (about 43, 
46%, respectively), compared to control (Fig. 4). 
In addition, theobromine is safe and well tolerated 
in vivo with plasma concentrations up to 45 µM 
attainable after ingestion of 240 mg of theobromine 
(28) while the maximal plasma concentration 
attainable in vivo of haloperidol and risperidone 
was about 0.03 µM and 0.1 µM, respectively after 
a therapeutic oral or i.v. administration (29-30). 
Therefore, these findings have a clinical importance, 
because a combined chemotherapy with low dosages 
of doxo and high dosages of theobromine (side effect 
free) or its derivatives could increase the efficacy 
of doxo-based regimens in the treatment of Pgp-
mediated MDR tumours as well as reducing its toxic 
side effects (cardiotoxicity,  myelosuppression). 
Moreover, as shown in Fig. 3, antipsychotic exposure 
induced a marked increase in GSH production. In 
particular, haloperidol and  risperidone induced a 
significant increase (p<0.05) in GSH production at 
all concentrations tested (20, 29, 30 and 18, 19, 20%, 

significantly higher (up to 20 and 18%, respectively) 
when compared to control cells. In contrast, in 
theobromine series at 1 µM concentration slightly 
higher values compared to control (100%) were 
observed, and a significant increase of cellular GSH 
levels (18 and 20%) at 10 and 20 µM concentration, 
respectively (p<0.05).      

DISCUSSION

The Pgp-mediated MDR is the major obstacle to 
successful clinical cancer chemotherapy, and search 
of novel, nontoxic and effective compounds against 
resistance are necessary. In this in vitro study, we 
reported that a group of antipsychotic compounds, 
haloperidol, risperidone and theobromine, used in 
combination with doxo, increased doxo accumulation 
in MES-SA-dx5 cell line (Fig. 1), when compared to 
corresponding untreated control cultured cells (doxo 
alone) at all doxo concentrations  (2, 4 and 8 µM). In 
particular, as shown in Fig. 2, exposure of cancer cells 
to lower doxo concentration (2 µM) in combination 
with haloperidol, risperidone and theobromine 
produced a significant increase (p<0.05) in cellular 
doxo accumulation at all concentrations (1, 10 and 
20 µM). These gave maximum effect at higher molar 
concentration (20 µM), about 45%, 50%, and 49%, 
respectively, similar to that obtained with Ver 10 µM, 
compared to control cells. In contrast, at higher doxo 
concentrations (4 and 8 µM) we found a marked 
reduction capacity to retain doxo which dropped 
significantly (p<0.05) for all three antipsychotics at 
all concentrations (1, 10 and 20 µM) with minimum 
effect at lower molar concentration (1 µM). Data 
indicated this was  by up to 16, 11, and 10%, 
respectively, on MES-SA/Dx5 cells, when compared 
with the control. The mechanism of the doxo increase 
in resistant cancer cells is unknown. We suggest 
that antipsychotics might act as substrates that at 
low intracellular doxo concentration compete with 
doxo for binding sites on Pgp such as verapamil, 
and might saturate these locations, thereby leading 
to increase in the intracellular doxo accumulation. 
On the other hand,  they  might directly inhibit the 
transporter activity. In contrast, higher intracellular 
doxo molar concentrations might cause an increase 
of doxo extrusion by ABC trasporter Pgp in human 
uterus sarcoma cell line. Consistent with these 
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respectively) in MES-SA/Dx5 cells when compared 
to un-pretreated control cells  (100%).  On the other 
hand, in the theobromine series the GSH production 
only slightly increased at low concentration (1 µM) 
and significantly increased (p<0.05) at 10 and 20 µM 
(18 and 20%, respectively). These results suggest that 
theobromine at low concentration does  not act by 
affecting the oxidative state of cancer cells inhibiting 
Pgp activity without severe side effects, while at 
higher concentrations (10 and 20 µM), the GSH 
increase could have a protective effect on normal 
cells against oxidative damage caused by generation 
of free oxygen radicals during cancer chemotherapy 
without severe side effects. In summary, the study 
found that all three antipsychotics tested induce an 
increase of the cytotoxic effects of doxo in cultured 
sarcoma cells such as Ver but with less in vitro toxic 
effects. In addition, the results provide a rationale 
for future clinical studies in order to investigate the 
use of antipsychotics as potential chemosensitizers. 
In particular, theobromine is an effective and safe 
natural compound that, administered at high dosages 
(side effect free) in combination with conventional 
chemotherapy, might reverse Pgp-mediated drug 
resistance and protect normal cells against drug-
induced damage in cancer patients.
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An increasing number of people die from breast cancer every year. Consequently, more research 
has been concentrated on the study of this type of tumour, and miR-373 resulted as an important gene 
for treating breast cancer. To explore the influence of miR-373 on the invasion and migration of breast 
cancer and the expression level of target gene TXNIP, a set of therapeutic methods were designed based 
on miR-373. The transfection was performed using miR-373 inhibitor; the concentration of miR-373 was 
controlled by inhibitor, and it was transfected into MCF-7 cell by lipofectin. Fluorescent quantitative 
polymerase chain reaction was used to detect the expression level of miR-373 in cells after transfection 
as well as that of Caspase-3 and Caspase-8. MTT assay was used to detect the influence of miR-373 
inhibitor on MCF-7 cells. The expression quantity of miR-373 in cell and tissue of breast cancer with 
high-low invasion and migration ability was detected by qRT-PCR (quantitative real-time polymerase 
chain reaction), thus the influence of the expression quantity of miR-373 on the invasion and migration 
of cell was determined. The expression of miR-373, EMT and TXNIP was determined by Western 
blot. Through the identification of proteomics and bioinformatics, it was finally found that TXNIP was 
regulated by miR-373. The protein expression level of TXNIP was negatively correlated with the level 
of miR-373. Thus it was concluded that miR-373 could promote the invasion and migration of breast 
cancer. In addition, in the tissue and cell of breast cancer with different invasion and migration abilities, 
the expression level of TXNIP was negatively correlated with the level of miR-373
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LETTER TO THE EDITOR

Both thioredoxin binding protein2 (TBP2) (1) 
and RAB GTP enzyme binding effect protein1 
(RABEP1) have the function of inhibiting cancer 
induction. It was confirmed that both TBP2 and 
RABEP1 protein expression levels dropped through 
luciferase experiment and mutation experiment and 
they were the direct target gene of miR-373 (2). 
In recent years, with the increase (3) of miR-373 
expression in breast cancer, the recovery rate of breast 

cancer has improved. However, the pathogenesis 
and radical solution of breast cancer still need to 
be researched. MiR-373 is part of miR-371-373 
cloud (4). As an extremely conservative endogenous 
non-coding single stranded small RNA molecule in 
evolution, miR-373 widely exists in eucaryon with a 
length of about 21-23 nt. The present research shows 
that miRNA plays an important role in the process 
of organism growth, development and disease 
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transfection reagents Lipofectamine2000; fluorescence 
quantitative PCR kit; real-time fluorescent quantitative 
PCR; rabbit anti-TXNIP monoclonal antibody; HM315 
type paraffin slicing machine; table centrifuge; high-speed 
refrigerated centrifuge; NANO DROP spectrophotometer; 
optical microscope; Inverted microscope and thermostat 
metal bath.

Methods
SNI model: adult SD rats were anesthetized, a cut was 

made in the lateral skin of the hind leg, the femoral biceps 
were separated, and the sciatic nerve and its branches 
were exposed. The distal ligation was implemented. 
The shin nerve and sural nerve were cut to avoid nerve 
regeneration and to preserve the sural nerve. Penicillin 
was injected into the muscle to prevent infection. Sham 
group: control SNI group. After separating and exposing 
the sciatic nerve for 3 min the muscle and skin were 
sutured and penicillin was injected into muscle to prevent 
infection.

Cell culture 
Human breast cancer cell line MCF-7 medium 

contained DMEM, 10% fetal calf serum and 1% double 
resistance. It was put into incubator at 37°C, humidity was 
saturated at 5% CO2 and its liquid changed once every 
other day. When the growth area was about 90% these 
cells resulted as having a ratio of 1:2 or 1:3.

 
The transfection of miR-373 inhibitor

One day before the transfection, MCF-7 cells in good 
growth status were chosen and inoculated into 6 orifices 
with the density of 3x105/hole. After the cell density reached 
50%-70%, the experiment was divided into the transfection 
group, blank group and negative group. Then, according to 
the conduct manual, transfection with Lipofectamine2000 
was carried out, and after 4 h fresh culture solution was 
added and cultivated for a further 48 h. 

Statistical analysis
After comparison with the negative control group, 

the expression of miR-373 level in the transfection group 
decreased, the difference was statistically significant (P 
<0.05).

The mRNA level of Caspase-3 in both the transfection 
and the negative control group increased by 4.17 times 
(P<0.05), and the mRNA level of Caspase-8 increased 
3.32-fold (P<0.05). The difference was statistically 
significant.

The inhibition rate after miR-373 on MCF-7 cell 
proliferation increased with the increase of concentration 
(P <0.05) and the difference was statistically significant.

The TXNIP mRNA expression quantity in breast 

(5). The report pointed out that the combination 
between synthetic dsRNAs and promoter could 
induce gene expression and influence the expression 
of downstream gene through inducing target gene. 
It is generally thought that miRNAs plays the role 
through silencing the expression of target genes. It 
also plays an important role in the occurrence and 
development of many diseases, especially which 
closely related to tumorigenesis.

Thioredoxin-interacting protein (TXNIP), also 
called Vitamin D3 up-regulating protein1 (VDUP1), 
is a kind of a-rhodopsin profilin and the only one 
which can combine with thioredoxin (Trx) in 
a-rhodopsin profilin family. TXNIP can combine 
with Trx active cysteine residues thus restraining its 
antioxidant function, meanwhile it participates in 
the process of regulating the active oxygen system 
of the body and mitochondria passage and induces 
cell apoptosis. Thus mediation function of TXNIP 
during the cell development process is verified. The 
gene coding TXNIP locates at chromosome lq21-
22 which has 8 exons and is 4174 bp long. TXNIP 
gene was first found during the process of disposing 
leukemia cell line HL-60 using 1, 25-dyhydroxy 
vitamin D-3. Studies suggest that cell generation 
cycle getting out of control and NK cell developing 
abnormally of cells related with TXNIP gene are 
closely related with the formation and transfer 
of cancer. For now, the expression condition of 
TXNIP in breast cancer is barely reported and its 
correlation with clinical symptom of breast cancer is 
not universally acknowledged. On this account, this 
paper detected the expression level of miR-373 in 
breast cancer cells applying qRT-PCR and measured 
and recorded the influence of miR-373 inhibitor on 
indicators using MTT assay, qRT-PCR and Western 
blot and discussed the correlation between protein 
expression level of TXBIP and miR-373 gene. 

MATERIALS AND METHODS

Materials
Enzyme-linked immune detector; flat CR amplification 

primer of Caspase-3 and Caspase-8; human breast 
cancer cells; DMEM medium and fetal bovine serum; 
bovine insulin; thiazole blue; dimethyl sulfoxide; MiR-
373 inhibitor and negative control reagent; internal 5s, 
designed for miR-373 PCR amplification primer; miRNA 
extraction kit; RNA extraction reagent TRIzol and 
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expression situation of miR-373 in cells. Compared 
with negative control group, the expression level 
of miR-373 decreased (P<0.05), as shown in Fig. 
1. The result indicated that miR-373 inhibitor can 
effectively suppress the miR-373 expression in 
MCF-7 cells.

The mRNA level of caspase-3 and caspase-8 before 
and after miR-373 inhibitor transfection on MCF-7 
cells 

Compared with negative control group, the mRNA 
level of Caspase-3 increased 4.17 times (P<0.05), 
and the mRNA level of Caspase-8 increased 3.32-
fold (P<0.05), as shown in Table I.

cancer tissues was 39.07±12.34, in para-carcinoma tissue 
was 40.12±13.13, there was no statistically significant 
difference (P <0.05).

The TXNIP protein levels in breast cancer tissues was 
0.43±0.11, which was lower than that in breast cancer 
tissues of 0.85±0.01 The difference was statistically 
significant (P<0.05).

RESULTS

Difference between miR-373 inhibitor before and 
after transfection on MCF-7 cells

After miR-373 inhibitor transfected into MCF-7 
cells for 48 h, Real-Time PCR was used to detect the 

Table I. The mRNA expression situation of Caspase-3 and Caspase-8 before and after miR-373 inhibitor transfection.

Group Ct0 Ct1 Ct2 ∆Ct1 ∆Ct2 ∆∆Ct1 ∆∆Ct2 2-∆∆Ct1 2-∆∆Ct2

Trans-
fection group 22.14±0.32 20.94±0.71 21.03±1.12 -1.2±0.92 -1.11±0.85 -2.06 -1.73 4.17 3.32

The
negative control group 23.51±0.42 24.37±0.57 24.13±1.32 0.86±1.32 0.62±0.84

Fig. 1. The miR-373 change situation after miR-373 inhibitor transfection.
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correlated with that of miR-373.

DISCUSSION

Since the discovery of the first miRNA, with 
the continuous research of miRNA function, 
more studies have shown that the ability of mi-
cromRNA to regulate and control the body’s normal 
physiological activities is closely related to the 
occurrence of tumor. Domestic research shows that 
the low expression quantity of miRNA cells could 
increase by adopting the vector construction method. 
In addition, after the constructed plasmid transfected 
into human cells, it could be integrated into cellular 
genome thus obtaining stable expression. After 
the expression of promoter in carrier fused with 
fluorescin, the fluorescin could indirectly report 
the microRNA expression situation and could also 
measure the transfection efficiency and expression 
situation during process of plasmid imported into 
cells. Many researchers concentrated on the study 
of miR-373. Voorhoeve et al. identificated miR-372 
and miR-373 in the germ cell of testicles very early, 
along with the characteristic high expression level 

The influence of miR-373 Inhibitor on MCF-7 cell 
proliferation 

By using MTT inhibitor to MTT colorimetric assay, 
miR-373 inhibitor in 60-140nmol/L concentration 
section was detected to have an inhibiting effect on 
MCF-7 cell growth, and the inhibition ratio increased 
with the increase of concentration (P<0.05) as shown 
in Fig. 2. From the combination of the above three 
studies, we can conclude that miR-373 can promote 
the invasion and migration of breast cancer by 
inhibiting the expression of TXNIP gene.

qRT-PCR detected TXNIP mRNA level
The expression quantity of TXNIP mRNA in 

breast cancer tissues was 39.07±12.34, and in para-
carcinoma tissue was 40.12±3.13. It was concluded 
that miR-373 presented up regulation in breast cells 
and high invasion and migration ability of tissue.

Western blotting detected TXNIP protein level 
The protein level in breast cancer tissue was 

0.43±0.11 which was lower than that in breast cancer 
tissues of 0.85±0.01, thus we concluded that the 
expression level of TXNIP protein was negatively 

Fig. 2. The influence of miR-373 Inhibitor on MCF-7 cell proliferation.

J-G. WANG ET AL.
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concentration is 60~140nmol/L and the inhibition 
ratio increased as the concentration increased 
(P<0.05). So miR-373 can promote breast cancer 
invasion and migration by restraining the expression 
of TXNIP gene. The experiment of qRT-PCR found 
the expression quantity of TXNIP mRNA in breast 
cancer was 39.07±12.34, while the expression in 
fatigue tissues was 40.12±13.13, which suggested 
that miR-373 expresses as up-regulation in breast 
cancer cells and tissue with high ability of invasion 
and migration. The detecting applied to Western 
blotting method showed the protein level of TXNIP 
in breast cancer tissue was 0.43±0.11 which was 
lower than 0.85±0.01 to the tissue near the cancer, 
suggesting the protein expression level of TXNIP 
was negatively correlated with miR-373 level. In 
short, the reduction of TXNIP protein expression 
leads to dysdifferentiation of breast cancer cells, 
bad histopathological classfication and maliganancy 
increaseof the cells, resulting in easily occurred 
recurrence and metastasis (12).
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Retinoblastoma is a commonly seen and dangerous intraocular malignant tumor in infants. Studies 
have found that Claudin-1 and MMP-2, whose expressions may be connected, play roles in tissues of 
retinoblastoma. In this study we analyze and discuss changes of Claudin-1 and MMP-2 expressions, and 
the correlation between the expressions and retinoblastoma histological differentiation and optic nerve 
invasion. MaxVisionTM was applied to detect expressions of Claudin-1 and MMP-2 in 45 samples of 
retinoblastoma and 15 paraffin-embedded samples of normal retina. The correlation between Claudin-1 
expression and MMP-2 expression was analyzed based on chi-squared test and Spearman’s correlation 
test. Positive expressions of Claudin-1 in retinoblastoma were fewer than those in retina; higher positive 
expressions were found in differentiated tissues than in undifferentiated tissues; while compared to 
expressions in invasive optic nerves, Claudin-1 expressed more positively in optic nerves without invasion. 
As for MMP-2, its expressions were higher in retinoblastoma than in normal retina; undifferentiated 
tissues had higher positive expressions than differentiated tissues, which were not statistically significant; 
higher positive expressions were detected in invasive optic nerves. Thus, it could be concluded that 
the correlation between Claudin-1 expression and MMP-2 expression in retinoblastoma was negative. 
Expressions of Claudin-1 were positively related to histological differentiation and optic nerve invasion 
of retinoblastoma; while MMp-2 expression had negative correlation with histological differentiation 
and optic nerve invasion of retinoblastoma. Clandin-1 and MMP-2 played a negative role in the optic 
nerve invasion and tumor development of retinoblastoma.
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LETTER TO THE EDITOR

Retinoblastoma (RB), a commonly seen and 
dangerous intraocular malignant tumor in infants, 
originates from embryonic nuclear layer cell in 
the retina. It is thought that the prognosis of RB is 
closely related to optic nerve invasion and tumor 
distant metastases. Recent studies have found that 
abnormal expressions of Claudin-1 and MMP-2 are 
linked with the invasion and metastases of tumor. 

Claudin is one of the major structures for inter-cell 
tight junction proteins, while Claudin-1 belongs 
to Claudin family with more than 20 members 
which express differently (up-regulation or down-
regulation) in various tumors. Furthermore, the 
expression with differences has been proved to 
be involved in tumor advancement (1). MMP-2, a 
core member of matrix metalloproteinase (MMP), 
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rabbit anti-human polyclonal MMP-2 antibody from 
BOSTER company (Wuhan, China) with 1:200 working 
concentration; ready-to-use kit of MaxVisionTM (KIT-
5030), goat anti-mouse or anti-rabbit IgG polymer with 
enzyme labels, and DAB dyeing liquor from MXB 
company (Fujian, China).

Methods
Samples were fixed with 10% neutral formalin and 

embedded with paraffin. Every paraffin block was cut 
into 3 to 5 pieces, 3-μm thick. Then blocks were rinsed 
under 40°C water. Pellets were taken out and kept at 4°C 
after drying at room temperature. Before MaxVisionTM, 
the following steps were taken in order: blocks were 
kept overnight in an oven at 60°C, de-waxed with 
dimethylbenzene and hydrated with alcohol, and rinsed 
with PBS. Completed steps of MaxVisionTM were taken 
according to the manufacturer’s insstructions for KIT-
5030, when blocks finished antigen retrieval with citric 
acid repair liquid (PH=6) at 95°C. Finally the blocks were 
colored with 3,3’-Diaminobenzidine (DAB). Positive 
Claudin-1 referred to tissue blocks of colon cancer with 
known positive expressions of Claudin-1, as did MMP-
2. Reference for negative expressions was PBS solution 
rather than primary antibody.

Evaluating standards for research results
Positive expressions were performed as brown 

particles in cell membranes of tumor cells and normal 
retina cells. Each block was observed under 5 random 
high power fields (X200). Two hundred cells under each 
field were counted and the rate was calculated of positive 
cells with 1000 cells from five fields. For Claudin-1 
protein grading, <1% referred to negative expression, 
1%-25% (+) positive expression, 25%-50% (++) neutral 
positive, and >50% (+++) strong positive. For MMP-2, 
<1% signified negative expression, 1%-10% (+) positive 
expression, 10%-25% (++) neutral positive and >25% 
(+++) strong positive, which was on the basis of positive 
rate (5 high power fields).

Statistic analysis
Research data were analyzed with SPSS 17.0 software 

for statistics). Chi-squared test was adopted to compare 
expressions of Claudin-1 and MMP-2 in adjacent tissues 
and RB tissues, and the correlation between those 
expressions were analyzed by Spearman ‘s correlation 
test. The result was statistically significant with P<0.05.
    

RESULTS

Claudin-1 expression
Positive expressions of Claudin-1 resulted 

degrades extracellular matrix, basement membrane 
included, to cause damage. MMP-2 increases tumor 
invasion when it destroys organic prevention of 
tumor invasion and metastasis. 

With MaxVisionTM, Yan Sun et al. tested 
immunohistochemistry (IHC) of Livin, PTEN and 
MMP-9 in tissues of RB and normal retina, and discussed 
their correlations. The results showed that positive 
expressions in RB had clinical significance (2). Lijuan 
Meng adopted the grouping method to test changes of 
MMP-9 and VEGF expressions, ending up with high 
clinical values that MMP-9 and VEGF expressions in 
RB were increased (3). Based on MaxVisionTM, Jia 
Yu et al. detected expressions of MMP-9 and NF-kB by 
their monoclonal antibodies to see how the expressions 
connected with RB differentiation and optic nerve 
invasion. The results could be used as biological 
indicators to reflect RB invasion and metastasis, helping 
select high-risk patients (4).  

Having adopted MaxVisionTM, this research 
detected Claudin-1 and MMP-2 expressions in 
tissue slices of RB, to observe their relationship with 
tumor cell differentiation, optic nerve invasion and 
metastasis, as well as clinical stages.

MATERIALS AND METHODS

Study subjects
Eyeball tissues were taken of RB infants who had 

undergone ophthalmectomy from 2001 to 2012 in all 
hospitals in Zhengzhou, China. In total there were 45 
paraffin-embedded samples, 17 with differentiation and 
28 with undifferentiation. Furthermore, a total of 19 
were intraocular (stage I), 17 glaucoma (stage II), and 9 
extraocular (stage III). RB was diagnosed by the completion 
of eyeball tissue reproduction and Hematoxylin and eosin 
(HE) dyeing. Of the 45 samples, 23 were from males 
and 22 from females; 24 samples were of right eye RB, 
and 21 of the left eye, and binocular incidence was not 
detected; the average age of the subjects was two years 
and eight months. No patient had received radiotherapy 
or chemotherapy prior to surgery. Ten out of fifteen 
samples of normal retina were pathologically proved to 
be adjacent after ophthalmectomy, and five samples were 
from pathologically normal retina from subjects who had 
undergone ophthalmectomy because of external damage.

Major reagents
Rabbit anti-human polyclonal Claudin-1 antibody from 

ABGENT company with 1:50 working concentration; 
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tumor occurrence and development.   

MMP-2 Expression 
Dyed parts of MMP-2 were similar to Claudin-1, 

but MMP-2 positive expression occupied 6.22% 
in male and 72.73% in female. Positive rate in the 
differentiation group (64.71%) was lower than in 
the undifferentiation group (71.43%), which was 

56.52% in male and 50.00% in female. Brown 
particles were present in the dyed parts of cell 
membranes and or endochylema in RB cells and 
normal retina cells. In clinical stages, the highest 
positive rate reached 84.21% in intraocular, reduced 
to 41.18% in glaucoma, and finally remained at the 
lowest in extra-ocular with 11.11%. As shown in 
Table I, the positive expressions were reduced with 

Table I. Relationship between Claudin-1 expression and RB clinical and pathological characteristics.

Clinical and pathological 
characteristics

Gender Clinical stage Pathological type Optic nerve invasions

Male Female Stage I Stage II Stage III Undifferenitation Differentiation Without 
invasion

With 
invasion

Samples (n) 23 22 19 17 9 28 17 26 19

Positive expression (n) 13 11 16 7 1 11 13 20 4

Negative expression (n) 10 11 3 10 8 17 4 6 15

Positive rate (%) 56.52 50.00 84.21 41.18 11.11 39.29 76.47 76.92 21.05

P 0.661 P1, 2#=0.001 P2, 3*<0.001 P1, 3**<0.001 0.015 <0.001

# refers to P between stage I and stage II, * refers to P between stage II and stage III, and ** refers to P between stage I 
and stage III.

Table II. Relationship between MMP-2 expression and RB clinical and pathological characteristics.
Clinical and pathological 

characteristics Gender Clinical stage Pathological type Optic nerve invasion

Male Female Stage I Stage II Stage III Undifferentiation differentiation Without 
invasion

With 
invasion

Samples (n) 23 22 19 17 9 28 17 26 19

Positive expression (n) 15 16 9 13 9 20 11 14 17

Negative expression (n) 8 6 10 4 0 8 6 12 2

Positive rate (%) 65.22 72.73 47.37 76.47 100.00 71.43 64.71 53.84 89.47

P 0.586 P1, 2#=0.006 P2, 3*<0.001 P1, 3**<0.001 0.636 <0.011

# refers to P between stage I and stage II, * refers to P between stage II and stage III, and ** refers to P between stage I 
and stage III.

Table III.  Relation between Claudin-1 and MMP-2 in RB.

Claudin-1
MMP-2

Total
Positive Negative

Positive 13 11 24

Negative 18 3 21

Total 31 14 45
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of Claudin (the main end-blocking protein for 
tight junction), could influence the tight junction. 
Moreover, abnormal expressions also related to 
malignant tumor occurrence, development and 
prognosis (8). 

This study, based on MaxVisionTM (9), detected 
53.33% positive expression of Claudin-1 in RB 
cells, but the positive rate reached 93.33% in normal 
retina cells, which signified a remarkable difference 
with P<0.001. Positive rate with 76.47% in the 
differentiation group was higher than 39.29% in 
undifferentiation, P=0.015; while 76.92% in optic 
nerves without invasion was greater than 26.32% 
in optic nerves with invasion. As for expressions 
in clinical stages, positive rates were 84.21% in 
stage I, 41.18% in stage II and 11.11% in stage III. 
Expressions between stages I and II (10), stages II 
and III, and stages I and III had statistic difference 
with P<0.01, and reduced as tumor occurring and 
developing. All the above indicated that Claudin-1 
expression did have a relationship to clinical stage 
of RB, differentiation degree of tumor cell and optic 
nerve invasion. In addition, it was also shown in 
the results that if Claudin-1 expression reduced, the 
inter-cell tight junction was likely to be destroyed, 
causing optic nerve RB invasions (11) and tumor 
occurrence and development. However, gender 
did not play a role in Claudin-1 expressions in RB, 
which was in accordance with studies based on the 
close relationship between abnormal expressions 
of Claudin-1 and malignant tumor occurrence, 
development and prognosis (12).

MMP, with dependence on Zn2+, belongs to 
endogenous proteolytic enzyme that has gelatinase 
with gelatinase A (MMP-2) and gelatinase B (MMP-
9) degrading gelatin and basement membrane 
collagen (type-VI, V, VII and X), which means 
greater adhesion between cell and ground substance 
(13, 14). With regard to the correlation between 
MMP-2 and RB, it is generally thought that the core 
step of malignant tumor local invasion and metastasis 
is the degradation of extracellular matrix (ECM). 
Enzymes could degrade big molecule proteins of 
ECM. MMP-2 from the Matrix metalloproteinase 
(MMP) family was named type IV collagenase, and 
it could damage ECM around tumor surfaces by 
degrading IV collagen to cause tumor invasion and 
metastasis. The increase of MMP-2 expression could 

not statistically significant. Brown particles in 
cell membranes and/or endochylema of RB cells 
and normal retina cells indicated that MMP-2 had 
no impact on the differentiation of tumor cells. 
Thdrefore it was possible that MMP-2 expression 
did not connect to the differentiation degree of tumor 
cell (Table II).

Relationship between Claudin-1 and MMP-2
Based on Spearman’s rank correlation, Claudin-1 

expression in RB was found to be in negative 
relation with MMP-2. To be specific, positive 
Claudin-1 was accompanied by 13 cases of positive 
MMP-2 expression and 11 cases of negative MMP-
2 expression; while if Claudin-1 was negative, 
18 MMP-2 cases were discovered to be positive 
and 3 cases were negative [Table III (r=-0.537 and 
P=0.023)].

DISCUSSION

RB is an intraocular malignant tumor, usually 
occurring in children. The key biological features 
of RB, and main cause of patients’ death, were the 
invasion and metastasis of malignant tumor. Inter-
cell adhesion in common organism contains adhesion 
junction and tight junction, which acts significantly 
in maintaining health structure and function of 
epithelial cells and endothelial cells. Tight junction 
consists of adhesion molecules of trans-membrane 
cell whose main trans-membrane proteins refer to 
Claudin and Occludin, regulating cell proliferation 
and differentiation, maintaining cell polarity and 
permeability (5). Generally speaking, Claudin 
expresses and distributes on membranes of adjacent 
surfaces in epithelial cells, which leads to inter-cell 
tight junction; furthermore, Claudin forms lateral 
distribution along base membranes and epithelial 
cells. It has been reported that Claudin expresses with 
specificity in a variety of tissues and organs (6). The 
correlation between Claudin-1 expression and RB 
(including malignant tumor occurrence, development 
and metastasis) was a slow process involving various 
elements. But how this worked isstill unknown. It 
is generally maintained that damage of cell junction 
caused by the loss of inter-cell adhesion is linked to 
malignant tumor development and metastasis (7). 
Recent finding presented that abnormal expressions 
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pushes tumor cell processing forward. To the best of 
our knowledge, this is the first study to demonstrate 
low level expression of Claudin-1 and high level 
expression of MMP-2 as indexes for optic nerve 
invasion and high risk development of RB. However, 
more time is necessary to put the research results into 
application for guiding clinical practices. Further 
research should be carried out before the results of 
this study can be applied in clinical practice with 
accuracy and practicability of test methods.
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This paper aimed to explore the therapeutic effect and safety of Fixed-dose Combinations (FDCs) on 
tuberculosis. A computer search was carried out to review the literature related to clinical randomized 
controlled trials (RCTs) and clinical controlled trails (CCTs) on the curative effect and safety of 
treating pulmonary tuberculosis with FDCs. The results demonstrated that, in the 22 studies examined, 
comparison of sputum negative conservation rate of treating smear-positive pulmonary tuberculosis 
with FDCs and single drug, the relative risk (RR) value and 95% confidence interval (CI) were 1.02 
(1.01, 1.03) and 1.01 (1.00, 1.02), respectively, at the end of the 2nd month and 6th month (P<0.05), while 
comparison of the relapse rate within six months showed that RR value and 95% CI was 1.72 (0.98, 3.02) 
(P>0.05). No statistically significant differences were found between the two groups in total occurrence 
of the rates of side effects pertaining to skin reaction, gastrointestinal tract side reaction, occurrence rate 
of liver and gall side reaction or occurrence rate of drug withdrawal because of side effects (P>0.05). 
After sensitivity analysis, it was found that occurrence rate of gastrointestinal tract side effects and 
occurrence rate of liver and gall side effects were unstable. All the findings suggest that the curative 
effect of treating tuberculosis with FDCs is better than that of a single drug. More reliable evidence is 
required since the safety evaluation results are not stable. 
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LETTER TO THE EDITOR

Tuberculosis, is a chronic infectious disease is 
highly prevalent in China. Tuberculosis, featured by 
its highly infectious, high drug resistance, and low 
declining rates, occurs mostly among young and 
middle-aged people and evidently differs in various 
areas (1, 2). Treatment of tuberculosis mainly 
includes traditional Chinese medicine and Western 
medicine, combinations of these two, surgical 
operation, endobronchial therapy for caseous lesion 
drainage, and physical therapy, immunotherapy and 
gene therapy (2).

Fixed dose combination (FDC) is a compound 
mixture preparation combined with different 

antituberculosis drugs in varying doses in 
chemotherapy regimens. Through observation of 
domestic FDCs in the initial treatment of smear-
positive pulmonary tuberculosis, Cai and Feng (3) 
proved that domestic quadruple FD preparations 
were highly efficient antituberculosis drugs worth 
promoting. Du J et al. (4) studied the effectiveness 
and safety of antituberculosis FDCs and found that 
the effect corresponded to the Chinese national 
standard therapeutic regimen, with easy adjustment 
of dose and fewer untoward side effects, therefore, 
it is promising for promotion. In addition, based 
on the comparison of effects of FDCs and plate 
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effects whilst using FDCs and non-FDCs for treating 
tuberculosis).

Literature search
Eight databases were searched by computer, including 

PubMed, EMBAS, ISI Web of Science, CNKI, CBM, 
Wanfang, and CqVip, and the studies were all relevant 
to the therapeutic effects and safety of antituberculosis 
therapy with FDCs published in journals in China and 
elsewhere before March, 2012. The English index words 
included “tuberculosis, pulmonary”, “lung tuberculosis”, 
“Fixed-dose Combination”, “Rifater”, and Rifamate”, 
while the Chinese index words included “Feijiehe”, 
Feilao”, “Guding Jiliang Fuheji”, and “Feining”. 
November 11, 2013 was time for retrieval. Chinese and 
English literature were both available. Quality evaluation 
was performed on the incorporated studies according to 
the ‘Risk of bias’ Assessment Tool in the System Assessor 
Handbook 5.1.0 of Cochrane Collaboration updated in 
March, 2011, including random member generation, 
allocation and conceal, group blinding, outcome 
evaluation blinding, data missing report and selective 
ending report. Evaluation of each aspect was divided into 
L (Low risk), H (High risk) and U (Unclear risk).  

Statistic analysis
Stata 12.0 software was used for the meta-analysis. 

Outcome indicators of this study were all enumerated data. 
Relative risk (RR) was served as the pooled statistical 
magnitude, and 95% confidence interval (CI) of RR was 
calculated. Heterogeneity of  the included literature was 
detected using Q-test. If P>0.05, then the literature was 
of no obvious heterogeneity, thus it was analyzed using 
the fixed effect model; otherwise, it was analyzed using 
the random effect model, followed by sensitivity analysis. 
Evaluation of publication bias was detected using Begg’s 
correlation test . 

RESULTS

Comparison of basic literature feature and curative 
effect by different drug deliveries

The studies included in the paper were mostly 
from China, followed by areas with high occurrence 
of tuberculosis, such as Southeast Asia and Africa. 
As for the research strategy, 6-month short-course 
chemotherapy recommended by World Health 
Organization (WHO) was adopted, referring to 2 
months of intensive treatment and 4 months of after 
treatment, which is shown in Table I.

A total of 22 studies included in the paper 

combination in the initial treatment of smear-positive 
pulmonary tuberculosis, Yin et al. (5) proved that 
the curative effect of FDCs was better than plate 
combination in the treatment of smear-positive 
pulmonary tuberculosis, but further discussions and 
examinations are needed based on more high-quality 
comparative studies. 

Based on the above research, this study collected 
data on clinical randomized controlled trails (RCTs) 
and clinical controlled trails (CCTs) from the 
literature to compare the curative effects and safety 
of FDCs in the initial treatment of smear-positive 
pulmonary tuberculosis in order to provide positive 
reference for clinical application. 

MATERIALS AND METHODS

Materials
The search was carried out on cases of patients over 14 

years of age who needed initial treatment for smear-positive 
pulmonary tuberculosis. Pregnancy, breast feeding, severe 
liver disease and kidney disease were criteria for exclusion. 
The baseline conditions of the experimental group and the 
control group were comparable. Repeated publications for 
the same research objects were excluded. Research data on 
the same subjects were divided or reported from different 
points of view and only one high quality reference was 
maintained. Literature with research subjects not conform 
to the inclusion standard were excluded. Studies with 
undefined main outcome indicators and nonrelevant data 
were also excluded. All materials concerned studies on the 
EDC anti-tuberculosis curative effect, safe randomized 
controlled trial (RCT) and clinical control trial (CCT) in 
China and elsewhere.

Method of administration
FDC, including duplex, triplex and quadplex FDCs, 

was administered in an experimental group; while non-
FDC was used in a control group, including single drug, 
plate-type combined drugs.

Outcome indicators
i) Outcome indicators of the curative effect were: 

sputum negative conservation rate at the end of the 2nd 
month; sputum negative conservation rate at the end of 
the 6th month after treatment; relapse rate. ii) Outcome 
indicators of the safety were: total occurrence rate of 
medication side effects; occurrence rate of side effects 
on skin, gastrointestinal tract, liver and gall; rate of drug 
withdrawal because of side effects (drug withdrawal or 
therapeutic method alteration caused by serious side 
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better than single drug combination. Furthermore, 
the remaining two patterns of drug delivery and 
their single drug combinations did not demonstrate 
statistically significant curative effects, as shown in 

possessed different FDC deliveries in 2-month 
intensive treatment, including 3FDC, 3FDC+E/S 
and 4FDC. At the end of the second month, sputum 
negative conservation rate indicated that 4FDC did 

Table I. Basic literature features.

Included literature Case source Design pattern
Experimental group Control group

Drug delivery Treatment strategy Drug delivery Treatment strategy

Chen YH 2009 (6) China CCT 4FDC/2FDC 2RHZE/4RH Plate-type   
combined drug 2H3R3E3Z3/4H3R3 HHUULL

Zhang SY
2010 (7) China RCT 3FDC+E/2FCD 2RHZE/4RH Plate-type   

combined drug 2H3R3E3Z3/4H3R3 LHLULL

Tan WG
2007 (8) China RCT 3FDC+E/2FCD 2RHZE/4RH Plate-type   

combined drug 2H3R3E3Z3/4H3R3 LHLLLL

Cai XF
2010 (9) China CCT 4FDC/2FDC 2RHZE/4RH Plate-type   

combined drug 2H3R3E3Z3/4H3R3 HHUULL

Du JJ
2011 (10) China RCT 3FDC+E/2FCD 2RHZE/4RH Plate-type   

combined drug 2H3R3E3Z3/4H3R3 UHUULL

Du YC
2007 (11) China CCT 3FDC+S/2FDC

3FDC /2FDC
2RHZE+2S3/4RH

2HRZ/4RH
Plate-type   

combined drug 2H3R3E3Z3/4H3R3 UHUULL

Liang Y
2007 (12) China RCT 3FDC+E/2FDC 2RHZE/4RH Plate-type   

combined drug 2RHZE/4RH LHUULL

Ma LP
2010 (13) China RCT 4FDC/2FDC 2RHZE/4RH Plate-type   

combined drug 2RHZE/4RH LHUULL

Qiu ZH
2010 (14) China RCT 4FDC/2FDC 2RHZE/4RH Plate-type   

combined drug 2H3R3E3Z3/4H3R3 LHUUU;

Wang J
2007 (15) China RCT 3FDC+E/2FDC 2RHZE/4RH Plate-type   

combined drug 2H3R3E3Z3/4H3R3 LHLLLL

Xu WG
2004 (16) China CCT 3FDC/2FDC 2RHZ/4RH Plate-type   

combined drug 2RHZE/4H3R3 HHUULL

Zhao QR
2006 (17) China RCT 4FDC/2FDC 2RHZE/4RH Single drug 2RHZE/4RH LHUUUL

Zhao Chunxiao
2006 (18) China RCT 3FDC /2FDC 2RHZ/4RH Single drug 2H3R3E3Z3/4H3R3 UHUULL

Zhong Q 2006 (19) China CCT 3FDC+S/2FDC 2RHZE+2S3/4RH Plate-type   
combined drug 2H3R3E3Z3/4H3R3 HHUULL

Zhu LZ1998 (20, 21) China RCT 3FDC /2FDC 2RHZ/4RH Single drug 2RHZE/4RH UHUULL

Huang C 2005 (22) China RCT 3FDC+E/2FDC 2RHZE/4RH Plate-type   
combined drug 2RHZE/4H3R3 UHUULL

Su. WJ
2002 (23) Taiwan in China RCT 3FDC+E/2FDC 2RHZE/4RH Single drug 2RHZE/4RH UHUULL

Bartacek.A
2009 (24)

Egypt, India, Pakistan, 
Philippines, Thailand RCT 4FDC/2FDC 2RHZE/4RH Single drug 2RHZE/4RH LLLLLL

Gravendeel. JM 
2003 (25) Indonesia RCT 4FDC/2FDC 2RHZE/4RH Single drug 2RHZE/4RH UHUULL

Lienhardt. C
2001 (26) (27)

Nine countries from 
Africa, Asia and Latin 

America
RCT 4FDC/2FDC 2RHZE/4R3H3 Single drug/2FDC 2RHZE/4H3R3 LLLLLL

Zaka-Ur-Rehman. Z
2008 (28) Pakistan RCT 4FDC/2FDC 2RHZE/4RH Single drug 2RHZE/4RH UHUULL

H: isonicotinyl hydrazide; R: rifampicin; Z: pyrazinamide; E: ethambutol; S: Streptomycin; FDC contains H, R and Z 
and 4FDC includes H, R, Z and E.
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Table II.

Comparison of sputum negative conservation rate  
Analyzing and comparing sputum negative 

conservation rates of FDCs in the treatment of 
tuberculosis at the end of January, it was found that 
22 studies all involved that indicator, and they were 
of good homogeneity (heterogeneity test showed 
that χ2 =33.45, P=0.07, I2=33%). Comparing sputum 

negative conservation rates between the FDC group 
and the single drug combination group in treating 
new tuberculosis at the end of January, no statistically 
significant difference was found (P=0.006), and 
RR value and its 95% CI were 1.02 (1.01, 1.03). 
The sputum negative conservation rates at the end 
of January of treating new pulmonary tuberculosis 
in the FDC group was superior to that in the single 
drug combination group. Publication bias detected 

Table II. Comparison of results between different FDC delivery and single drug delivery.

Drug delivery Literature number χ2 P value in heterogeneity test 2I RR (95% CI of RR)

3FDC 5 6.38 0.17 37% 1.01 (0.980, 1.03)

3FDC+E/S 8 7.03 0.43 0% 1.01 (0.98, 1.04)

4FDC 9 13.84 0.09 42% 1.03 (1.01, 1.05)

Table III. Comparative result of each side reaction rate between FDCs group and single drug group.

Outcome indicator Number of studies χ2 Detection of the 
heterogeneity of P value I2 RR (95%CI of RR) P value detected 

by Begg’s
Total occurrence rate 

of side reaction 20 47.27 <0.05 60% 0.89 (0.77, 1.03) 0.33

Skin side reaction 20 15.27 0.71 0 1.06(0.89, 1.25) 0.02

Gastrointestinal 
reaction 20 36.75 <0.05 48% 0.86(0.72, 1.03) 0.48

Liver and gall side 
reaction 17 41.62 <0.05 62% 1.09(0.83, 1.44) 0.54

Note: skin side effects include rash, itching; gastrointestinal side effects include nausea, vomiting, stomach ache, loss of 
appetite; liver and gall side effects include abnormal liver function, jaundice.

Table IV. Sensitivity analysis result of each side reaction occurrence rate of FDCs and single drug.

pharmaceutical way number of 
studies χ2 P value of heterogeneity 

detection I2 RR (95%CI of RR)

Total recurrence rate of side reaction a 18 19.89 0.28 15% 0.93(0.85, 1.01)

Gastrointestinal tract side reaction a 18 25.56 0.08 33% 0.84(0.74, 0.94)
Liver and gall side reaction b 16 11.04 0.75 0% 1.35(1.19, 1.53)

a: apart from literature written by Zhao Xiaochun in 2006 and by Zhong Qiu written in 2006; b: apart from literature 
written by Zhao Xiaochun in 2006. 

HQ. ZHANG ET AL.
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showing negative sputum smear examination twice 
resulted as positive in sputum smear examination or 
sputum culture during the follow-up period. There 
were a total of 8 studies with follow-up data, 7 with 
2-year follow-up and 1 with 5 to 8 months. Comparing 
the relapse rate between the FDC group and the 
single drug combination group, it was found that all 
the eight studies had good homogeneity (χ2=1.84, 
P=0.97, I2=0%), and RR value and its 95%CI was 
1.72 (0.98, 3.02). The publication bias detected by 
Begg’s showed that P=0.81, which indicated that the 
publication bias was not obvious ( Fig. 3). 

Safety evaluation
No statistically significant differences were 

found while comparing the total occurrence 
rate of medication side effects, skin side effect, 
gastrointestinal tract side effect and liver and gall 
side effects between the FDC group and the  single 
drug group, as shown in Table III. 

Data was merged after eliminating two studies by 
carrying out sensitivity analysis on indicators with 

by Begg’s showed that P=0.12, which indicated that 
there was no obvious publication bias, as shown in 
Fig. 1.  

Sputum negative conservation rates of FDCs 
in the treatment of tuberculosis at the end of the 
2nd month were compared. Altogether 16 studies 
involved sputum negative conservation rate, and no 
obvious heterogeneity was found (χ2=22.21, P=0.30, 
I2=14%). Comparing sputum negative conservation 
rates between the FDC group and the single drug 
combination group in treating smear-positive 
pulmonary tuberculosis at the end of the 2nd month, 
no statistically significant difference was found 
(P=0.02), and RR value and its 95% CI was 1.01 
(1.00, 1.02). The curative effect in the FDC group 
was superior to that in single drug combination. 
The publication bias detected by Begg’s showed 
that P=0.02, which indicated that there was obvious 
publication bias (Fig. 2). 

Comparison of relapse rate
At the end of treatment course, the cured patients 

Fig. 1. Forest graph of comparison of sputum negative conservation rates at the end of the 2nd month between FDCs group 
and single drug combination group.
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Fig. 2. Forest graph of comparison of sputum negative conservation rates at the end of the 6th month between FDCs group 
and single drug combination group.

Fig. 3. Forest graph of comparison of relapse rate between FDCs group and single drug combination.

HQ. ZHANG ET AL.
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of multiple first line antituberculosis drugs, was 
widely used clinically. FDCs, as the new progress 
in treating tuberculosis, has attracted much attention 
(29, 30). General use has created the condition for 
the popularization and application of FDCs in China. 
Cai XF, Qiu ZH, et al. (3, 31) proved that the Chinese 
FDCs were similar to the imported FDCs. As is well 
known, treatment of tuberculosis needs long-term 
medicine administration. The current conventional 
drugs for treating tuberculosis involve multiple 
categories and large dosage. Patients may show 
poor drug therapy compliance because of unpleasant 
drugs, leading to poor effect. However, FDCs 
featured by good absorption effect simplifies the 
prescription drug, improves the drug supply system 
and reduces the occurrence rate of drug resistance 
in the treatment of tuberculosis, which might be 
the main primary reason that the recovery rate of 
treating smear-positive pulmonary tuberculosis with 
FDCs is significantly higher than that with plate-type 
combined drug (2, 30, 32).

The present study shows that the efficacy of 
treating smear-positive pulmonary tuberculosis with 

significant heterogeneity, i.e., indicators with P<0.05 
in heterogeneity test. Combined RR value and its 
95%CI of occurrence rate of gastrointestinal side 
effect and liver and gall side effect was statistically 
significant, indicating the results were not stable 
(Table IV). 

Comparison of drug withdrawal rate of side reaction 
Rate of drug withdrawal because of side effects 

was compared between the FDC group and the single 
drug group. A total of fourteen studies involved 
merging, with good homogeneity (χ2=18.44, P=0.07, 
I2=40%). Comparison of the side reaction drug 
withdrawal rates between the two groups showed 
no statistically significant differences (P=0.06), and 
RR value and its 95%CI was 1.37(0.99, 1.86). The 
publication bias detected by Begg’s showed that 
P=0.58, which indicated that the publication bias was 
not obvious, as shown in Fig. 4. 

DISCUSSION

FDCs, a compound preparation composed 

Fig. 4. Forest graph of comparison of the drug withdrawal between FDCs group and single drug combination.
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combination (FDC) in treatment of pulmonary 
tuberculosis. Chinese J of Clinical Pharmacology 
and Therapeutics 2012; 17(10):1143-50.

2.	 You XH, Li GQ. Present status of treatment of 
tuberculosis and its prospect. Chinese Community 
Doctors 2012; (20):10.

3.	 Cai XF, Feng YJ. A clinical observation in new 
smear positive pulmonary tuberculosis patients 
under domestic fixed-dose combination treatment. 
Zhejiang J of Preventive Medicine 2010; 22(7):21-
23.

4.	 Du J, Tian D, Zhang ZB. Analysis on the effect 
of fixed-dose combination therapy for the initial 
treatment of smear-positive pulmonary tuberculosis 
in Wuhan. J of Public Health and Prevent Med 2011; 
22(4):35-8.

5.	 Yin JJ, Zhong Q, Zhou L, Li HC, Chen YX, Liu 
JH, Zhao MG. Effect of treating new pulmonary 
tuberculosis with FDCs and plate-type combined drug-
meta analysis. J of Practic Med 2013; (24):178-84.

6.	 Chen YH. A study on clinic efficacy of fixed-dose 
combinations with four drugs in treating tuberculosis 
patients. Jinan University, 2009. http://cdmd.cnki.
com.cn/Article/CDMD-10559-2009108232.htm

7.	 Zhang SY. Randomized controlled clinical trial 
of fixed-dose combination and assembled drugs to 
pulmonary tuberculosis. Central South University 
2010. http://cdmd.cnki.com.cn/Article/CDMD-
10533-2010189503.htm

8.	 Tan WG. Fixed-dose Combinations in tuberculosis 
control. Beijing Tuberculosis and thoracic Tumor 
Research Institute 2007. http://cdmd.cnki.com.cn/
Article/CDMD-87112-2007147197.htm

9.	 Cai XF, Feng YJ. A clinical observation in new 
smear positive pulmonary tuberculosis patients 
under domestic fixed-dose combination treatment. 
Zhejiang Journal of Preventive Medicine 2010; 
22(7):21-23.

10.	 Du J, Tian D, Zhang ZB. Analysis on the effect 
of fixed-dose combination therapy for the initial 
treatment of smear-positive pulmonary tuberculosis 
in Wuhan. Journal of Public Health and Preventive 
Medicine 2011; 22(4):35-38. 

11.	 Du YC, Chen QY, Lin SF, et al. Application of fixed-
dose streptomycin-free combinations in primary 
treatment of patients with smear positive pulmonary 

FDCs and single drug combination was statistically 
significant. Compared with single drug combination, 
the efficacy of FDCs was more effective in 
controlling tuberculosis. Through comparing the 
different pharmaceutical combinations of FDCs, 
we found that the quadplex FDCs was the most 
effective. In addition, of the 22 clinical studies 
investigated, 8 reported the follow-up situations, 
and only the design for the relapse rate of quadplex 
FDCs in 2 non-Chinese studies were elaborated 
(1, 27). There might have been bias since only 
indicators from sputum smear examination and 
sputum culture were confirmed as data of recurrence. 
In addition, this study also evaluated the safety of 
treating tuberculosis with FDCs regarding skin side 
effects, gastrointestinal tract side effect and liver and 
gall side effects. Skin side effect includes rash and 
itchiness, and the results show that the occurrence 
rate between the two groups was of no statistical 
difference and the result was stable. Gastrointestinal 
tract side effects include nausea, vomiting and loss 
of appetite. The whole-process blind method was 
not used in most of the studies included, thus the 
investigator might have considered the side reactions 
occurring in the gastrointestinal tract as being caused 
by other reasons than the drugs. Liver and gall side 
effects  include abnormal liver function, jaundice and 
hepatalgia. Comparison of the rates of the  liver and 
gall side effects between the two groups showed no 
statistically significant difference. Bias might have 
occurred due to the different detection methods for 
liver and gall abnormity and different determination 
standards for abnormal liver function used in the 
studies (1, 33).

To sum up, the paper shows that it is necessary 
and valuable to promote the application of FDCs 
on a larger scale, to undertake a control study of 
higher quality and thoroughly discuss its short-term 
and long-term curative effects. On the one hand, the 
existing research results can be further discussed and 
verified. On the other hand, it can provide sufficient 
scientific basis for China to formulate and develop 
the control strategy of tuberculosis (30).
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This paper discusses the influence of posterior approach cervical intraspinal tumor resection on 
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(n=16) and a group undergoing posterior approach semi-laminectomy (group B) (n=16). It was found, 
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that, both regular posterior approach vertebral lamina resection and semi-laminectomy influence the 
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LETTER TO THE EDITOR

Clinically, cervical intraspinal has a high incidence 
rate, and is very likely to be misdiagnosed (1) since 
the tumor shows no typical clinical symptoms in 
the early stage. The clinical symptoms do not show 
until the tumor becomes large (2). Surgery by that 
time is dangerous and complex, and may threaten the 
patient’s life (3), making it difficult to treat the tumor. 

The medical field has advanced in regard to the 
recognition of the properties and local dissection of 
tumors. Jiang Lin et al. (2), studied the treatment of 
cervical cancer by lamina resection. After carrying out 
tumor resection, it was found that, the physiological 
curvature of cervical vertebra was well maintained 

and the range of motion of the cervical vertebra 
also achieved an ideal effect. Fang Zhen et al. (4), 
reported tumor resection based on posterior cervical 
vertebra and internal fixation. A drill was used to cut 
lamina and the lateral mass was preserved. Cervical 
posterior surgery was carried out and the centrum 
of focal zone established according to the situation. 
None of the patients showed symptoms of unstable 
cervical vertebra or swan-neck deformity, proving 
that primary cervical intraspinal tumor can be cut by 
a posterior approach. Deng Guibin et al. (5) applied 
posterior cervical laminectomy to cut intraspinal 
tumor together with lateral mass fixation and fusion 
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to treat the cervical intraspinal tumor. It was found 
that the cervical vertebra of the patients remained 
stable, without deformity. 

As the surgical reconstruction and technology 
become more advanced, treatment for this disease 
focuses on excision, so as to relieve cervical cord 
compression in the early state and promote function 
recovery of the cervical cord. This study discusses 
the influence of posterior cervical intraspinal tumor 
resection on the stability of cervical vertebra by 
treating patients with cervical intraspinal tumor 
in Taizhou People’s Hospital. We performed 
posterior cervical intraspinal tumor resection and 
semi-laminectomy on thirty-two cases of cervical 
intraspinal primary tumor to cut tumor focus and 
reconstruct the stability of the cervical spine and 
then compared the clinical curative effect, hence, 
providing reference for this kind of research.

MATERIALS AND METHODS

Materials
Data in the research regarded 32 patients confirmed 

as having cervical intraspinal tumor who were treated in 
Taizhou People’s Hospital between January, 2009 and 
December, 2013. These patients were divided into group 
A and group B, 16 cases in each group. Group A included 
11 males and 5 females, with age ranging from 23~76 
years (mean 42.8±13.2 years) and treatment course of 15d 
~7 years (mean 2.1±0.5 years); group B included 9 males 
and 7 females, with age ranging from 22~77 years (mean 
43.1±12.7 years) and treatment course of 14 days to 7 
years (mean 2.3±0.6). There was no statistical significance 
between age, gender ratio and treatment course (P>0.05). 
All patients conformed to the standard clinical diagnosis (6).

Research methods
The research subjects above were divided into groups 

A and B. Patients in group A were treated by posterior 
approach bilateral vertebral lamina resection approach 
while group B by the semi-laminectomy approach. Then 
the clinical effects of these two groups were compared 
based on the observation indexes of instability incidences 
of the cervical spine, 3 months after treatment, incidences 
of cervical spine curvature deterioration, cervical spine 
movement degree variations and long-term curative 
effects.

Surgical method
Group A: posterior approach bilateral vertebral lamina 

resection. The patients treated by general anesthesia 

were in a prone position or lateral position. The neck 
was placed in neural and flexion position after the head 
was fixed. The muscle in the neck was separated along 
the center line until reaching the supraspinous ligament. 
The supraspinous ligament was protected, the periosteum 
expanded and the paravertebral muscle was separated to 
expose spinous process in the lesion segment and bilateral 
lamina. After protecting the bilateral joint capsule, the 
tumor resection was performed. 

Group B: semi-laminectomy. The patients were 
previously treated as group A. Then the muscle was 
separated along the center line until reaching the 
supraspinous ligament. The supraspinous and interspinous 
ligaments were protected, the periosteum was expanded 
and the paravertebral muscle was separated to expose 
the spinous process in the lesion segment and bilateral 
lamina. After cutting the tumor, the excised semi-lamina 
was reset and fixed, thereby maintaining the stability and 
completeness of the cervical spine structure (Figs. 1 and 2).

Statistical analysis
In this study, the relative data were processed by 

SPSSS18.0 software. Data for age and course of disease of 
the patients were expressed as mean ± standard deviation 
Mean ± SD. Student’s t-test was applied to compare 
the measurement data and for the count data the c2 test 
was adopted. P< 0.05 was considered to have statistical 
significance.

RESULTS

Incidence of instability and curvature deterioration 
of cervical spine after surgery

It was found through statistics that group A 
had a high incidence of instability and curvature 
deterioration of the cervical spine (Fig. 3) while 
group B had low incidence (Fig. 4). After surgery, the 
incidences of instability and curvature deterioration 
of group A were significantly increased compared to 
group B (P<0.05). The data is shown in Table I.

Change of movement degree of cervical spine
It was found that, statistically, the movement 

range of the cervical spines of group A after surgery 
decreased by (17.3±2.1%) while group B had no 
obvious change. It was apparent that the movement 
degree of the cervical spines of patients in group B 
was superior to group A after surgery (P< 0.05).

Long-term clinical effect
It was found that the cure rate, effective rate 



391

PROOF

Journal of Biological Regulators & Homeostatic Agents

Table I. Comparison of incidence of instability and curvature deterioration of cervical spine of group A and B after 
surgery. 

Group Case number Instability of cervical spine (n, %) Curvature deterioration of cervical spine 

Group A 16 4(25.00) 6(37.50)

Group B 16 1(6.25) 2(12.50)

χ2 - 5.109 5.221

p - 0.0152 0.0121

(n, %)

Table II. Comparison of long-term curative effect in the two groups. 

Group Case number Cure Effective Invalid Total effective rate

Group A 16 6(37.50) 6(37.50) 4(25) 12(75.00)

Group B 16 8(50.00) 5(31.25) 3(18.75) 13(81.25)

χ2 - 2.109 3.111 2.791 2.503

p - 0.7161 0.6829 0.6573 0.6719

(n, %)

Fig. 1. Optic nerve neurinoma locates in veutro before 
surgery.

Fig. 2. Reset of vertebral plate is fixed by titanium 
connector after surgery.
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tissues as they grow, thereby inducing symptoms of 
pain, restrained movement and numbness of limb. In 
the later stage, the large tumor can severely compress 
and damage adjacent structures. The cervical cord 
under compression can induce spastic paralysis 
of limbs, nervus phrenicus can cause emesis upon 
stimulation, and the damaged nervus phrenicus can 
lead to dyspnea and paralysis of respiratory muscles, 
even threatening life (4). 

Recently, a wealth of research on the stability of 
the spine after intraspinal tumor resection has been 
carried out. To discuss the influence of posterior 
intraspinal tumor resection on the stability of 
cervical vertebra, this research studied, by treating 
the patients with intraspinal tumor from Taizhou 
People’s Hospital, different methods and compared 
the clinical effects. Finally, this study drew a 
conclusion, consistent with related literature, that 
posterior bilateral vertebral lamina resection had 
higher incidence of instability of cervical vertebra 
and deterioration of curvature than posterior semi-
laminectomy and the long-term effects of these two 
resections had no distinct difference. This proved 
that, treating intraspinal tumor by posterior bilateral 
vertebral lamina resection approach could decrease 
the stability of cervical vertebra. He cervical spine 
is a particular site for dissection; moreover, tumor 

and total effective rate of group A was very close to 
group B, and had no remarkable difference (P>0.05), 
indicating that the long-term curative effect was 
similar in both groups, as shown in Table II.

DISCUSSION

Cervical intraspinal tumor can be primary or 
metastatic. Primary cervical intraspinal tumors 
originate from the cervical spine skeleton or 
its affiliated vessels, nerves, spinal dura mater, 
blood vessels or adipose tissue. According to the 
relationship of the tumor with the spinal dura mater 
and spinal cord, primary cervical intraspinal tumors 
can be divided into eqidual tumors, extramedullary, 
spinal subdural tumors and intramedullary tumors. 
Schwannoma and neurofibroma start from the tunica 
vaginalis or fibres in the dorsal nerve root; spinal 
meningioma grows upon arachnoid and spinal pia 
mater, and a few upon the nerve root; a dumbbell-
shaped cervical intraspinal tumor is mostly benign 
and  has a slow growth. It has been proved by clinical 
research that, intraspinal tumors have no typical 
clinical performance in the early stage, therefore, 
they are prone to be diagnosed as occipital neuralgia 
or cervical spondylosis. Tumors, to some extent, 
compress the cervical cord, nerve root and adjacent 

Fig. 4. Structure of cervical vertebra processed after 
posterior semi-laminectomy.

Fig. 3. Structure of cervical vertebra processed after 
posterior bilateral vertebral lamina resection.

XP. GENG ET AL.
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the spine during surgery. Ways to cut the tumor and 
yet maintain the biomechanical stability of the spine 
(11) are continually being investigated. Means of 
internal fixation of the spine offer multiple choices 
for the reconstruction after resection of a spinal 
tumor. It is also important to select a reasonable 
fusion scope and reconstruction method for surgery 
by the posterior approach. Some patients in this 
research underwent posterior spinal fusion, and all 
achieved bone union. Patients with tumors involving 
the first and second cervical  vertebra can have the 
the stability of cervical vertebra reconstructed by 
adopting short-segment occipitocervical fusion from 
the occipital bone to C2 pedicle after performing 
posterior decompression resection. Usually, tumors 
involving other parts need to have the facet joint 
cut. Fixation by posterior nail-stick system or lateral 
mass iron plate can not only cut out a large-scale 
tumor within the spine canal, but also maintain 
the posterior structure of the cervical vertebra and 
effectively maintain the stability of the cervical 
vertebra, with little trauma and few complications 
(12).

This study proved that the posterior bilateral 
vertebral lamina resection approach in intraspinal 
tumor resection can induce instability, exacerbate 
curvature, and affect the flexibility of the cervical 
vertebra while the semi-laminectomy approach has 
fewer effects; both methods are able to change the 
degree of physical movement. With the development 
of microneurosurgery and minimally invasive 
technology, the semi-laminectomy approach 
has been able to improve vision during surgery, 
enabling the complete removal of tumors. The 
semi-laminectomy approach has less influence on 
the stability of the cervical vertebra and is more in 
keeping with biomechanical principles. The excised 
vertebral plate can be reset and a rigid internal 
fixation performed with a titanium connector and 
titanium nail after the tumor is removed, thereby 
maintaining the completeness and stability of the 
cervical vertebra structure and achieving anatomical 
reduction. Notably, the middle and posterior column 
of the cervical vertebra in group B is strengthened. 
The quality of life of those patients greatly improved 
as their physical curvature after surgery was well 
maintained and an ideal degree of movement of their 
cervical vertebra was achieved. Therefore, more 

diagnosis and treatment in that position is more 
complex compared to intraspinal tumor in other parts. 
Surgical resection is still the preferred method as 
recognized by the public. Primary cervical intraspinal 
tumors are mostly benign, and may not recur in 
a lifetime after completed resection. Therefore, 
patients should undergo surgery as early as possible, 
so as to relive the compression and promote recovery 
of the functions of the cervical cord. Primary 
cervical intraspinal tumors closely correlating with 
the cervical cord, vertebral artery and nerve root are 
able to compress the cervical cord, and enwrap the 
vertebral artery and nerve root, hence, surgery may 
do harm to these positions or cause instability of the 
cervical cord after surgery, which increases the risks 
of surgical resection and causes difficulties for the 
total resection of tumors (8). 

Meanwhile, if the tumor is close to a vital center 
such as the medulla, this increases the surgical 
risks. It is difficult to perform surgical resection and 
stability reconstruction since tumors have a wide 
range of infiltration, involving multiple cervical 
cord stages, as well as dumbbell neurogenic tumors 
inside and outside the spinal canal (9). Based on the 
above analysis and conclusions, this research holds 
that, the application of posterior cervical spinal 
surgery has the following advantages: firstly, the 
operation is relatively simple; there is little trauma, 
thus minimizing the stimulation on the cervical 
cord, and patients can recover faster. Secondly, the 
surgery has less risks. Surgery through the posterior 
approach can fully expose and protect the vertebral 
artery and nerve root, avoiding unnecessary damage. 
Patients in this research have not had the  vertebral 
artery ligatured and suffered from no post-operative 
complications. Thirdly, it can completely cut out the 
tumor and lower recurrence rate. No recurrence cases 
were found in the follow-up visits of the patients who 
underwent the above surgery. The resection range of 
the vertebral plate can be increased if necessary. To 
fully expose the tumor and completely remove it, 
hemilaminectomy or total laminectomy resection 
can both be selected. Fourthly, it can achieve ideal 
stability (10). Complete tumor resection is crucial for 
thoroughly reducing pressure and tumor recurrence, 
but a wide span of resection may bring damage 
and instability to the overall structure of the spine. 
Therefore, it is necessary to maintain the stability of 
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importance should be given to cervical intraspinal 
tumor resection through the semi-laminectomy 
approach.
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Tumor protein p53 encoded by the TP53 gene in humans is known as a cancer biomarker in patients 
diagnosed with cancer, and it plays an essential role in apoptosis, genomic stability, and inhibition 
of angiogenesis. Cancer therapies with common chemotherapy methods are effective, as known, but 
have some side effects. Berberis vulgaris is traditionally administrated as a cancer drug. The current 
research aims to evaluate p53 as a biomarker in WEHI-3 cell line and to demonstrate the Berberis 
vulgaris fruit crude extract (BVFCE) as a new anticancer drug. For this purpose, we evaluated the effect 
of BVFCE in different concentrations against WEHI-3cell line in vitro and determined the quantitative 
level of p53 gene in the treated WEHI-3 cells. The results demonstrated that even at only 1 mg/ml 
concentration of Berberis vulgaris crude extract, there was a low level of p53 biomarker expression 
on WEHI-3 cells in comparison with doxorubicin. Therefore, the current study suggests BVFCE as a 
reliable anti-leukaemic drug and candidate for anticancer therapy. However, further investigation need 
be carried out to confirm its efficiency in vivo.
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proper apoptotic machinery in cancer cells with 
minimal effect on surrounding tissue or normal cells. 
Leukaemia belongs to a large group of diseases 
in which variability of factors contributing to 
tumor development requires individual therapeutic 
approach. A growing number of prognostic factors 
helps to better define optimal therapy regimen, but 
extensive adverse effects together with acquired 
resistance to chemotherapy are calling for novel 
therapy strategies in leukaemia.

Apoptosis, or programmed cell death, is 
a biological process essential for the regular 
development and maintenance of tissue homeostasis 
(1). Failure of apoptotic mechanism leads to 
abnormal cell proliferation or differentiation arrest, 
giving rise to tumor cell formation and cancer 
development. Mechanisms of apoptotic pathways 
are widely investigated, and the causes of incorrect 
apoptotic process are clarified. Various anticancer 
drugs are tested for their ability to re-establish 
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Real-time quantitative PCR (RT-qPCR)
Real-time quantitative PCR was conducted using 

the Syber Green Hot-Start Real-Time PCR-Mix kit 
(GENECRAFT; Germany) with nucgene as a reference 
gene for standards. Use of 2x QuantiFast SYBER Green 
RT-PCR master mix together with a QuantiFast RT mix 
allowing both reactions were added at the beginning. 
QuantiFast RT Mix, 2x QuantiFastSyber Green RT-PCR 
Master Mix, diluted primers, and RNase-free water were 
stored at -20°C.

Standard curve for RT-qPCR
The procedures for RT-qPCR and standard preparation 

were as follows: first, the concentration of extracted DNA 
was evaluated. Then the genome size of S. aureus was 
obtained from http://www.cbs.dtu.dk/databases/DOGS/
index.html. Subsequently the mass of DNA per genome 
was obtained by using the following formula (Applied 
Biosystems):M = [n]. [1.096e-21 g/bp], whereas n = 
genome size (bp), M = Mass, and e-21= ×10-21

Thus, for S. aureus RN4220, as obtained from the 
database, the genome size was 2821361, soM = [2.8 e6 
bp]. [1.096e-21g/bp]→M = 3e-15→M = 0.003 pg

As the bacteria are haploid, a single copy of the gene 
exists in the genome. Therefore, 0.003 pg of S. aureus 
genome contain one copy of nuc gene. Thus, 300000× 
0.003 pg=900 pg of DNA needed. In each reaction, 3 
µl was used. So, 900pg ÷3=300 pg/ul of DNA. The 
concentration of DNA was 6.5 ng/µl (6500 pg/ µl). 	
Each dilution was prepared at 100 µl, using the formula 
below:

 C1V1=C2V2
[6500 pg/µl] . V1 = [300pg/µl]. [100µl]→V1 = 4.6 µl
We can therefore have the volume of diluents to be= 

100 µl – 4.6 µl = 95.4 µl. Thus, 4.6 µl of DNA should be 
adjusted to 95.4 µl of distilled water. Other concentrations 
were prepared by serial dilution as listed in Table I.

RESULTS

Cytotoxicity of Berberisvulgaris fruit crude 
extraction WEHI-3 and 3T3 cell lines

To study the cytotoxicity effect of BVFCE in 
vitro, WEHI-3and 3T3 cell lines were incubated 
with various concentrations of BVFCE. The anti-
proliferative effect was determined using MTT assay, 
which is considered more reliable. The MTT results 
demonstrated that BVFCE inhibited the proliferation 
of WEHI-3 cell line in a dose-dependent manner. 

Moreover, the IC50 values of BVFCE for normal 
cells (13mg/ml) were decreased in WEHI-3 cells (8 
mg/ml). One of the most important signals in cancer 

The barberry also known as Berberis vulgaris is 
a plant that grows in Iran. It is estimated that more 
than 5× 106 kg of barberries are produced each year. 
It is also extensively applied as a medicinal plant in 
traditional medicine (7).

The human neoplasia could be detected via high-
level expression of p53 (2-4). High level p53 protein 
is related to poor prognosis in many tumors (5-6).

The current study aimed to evaluate the effect of 
crude extract of barberry on WEHI-3 cell in vitro 
line and compare its efficiency with doxorubicin as 
an anticancer drug.

MATERIALS AND METHODS

Preparation of crude extracts
Berberis vulgaris fruit crude extract (BVFCE) 

was prepared with some modification as described by 
Campbell et al. (2002). The barberry fruit was purchased 
from markets in Iran. Ethanolic extract of barberry was 
prepared by adding 10 gr of dry, ground herb to 100 ml 
ethanol and then stirred at 250 rpm in an orbital shaker for 
1 h at room temperature. This   thick syrup was evaporated 
completely using the freeze drying system (8).

Cell culture
Murine myleomonocytic leukaemia cell line, WEHI-

3 and mouse embryonic fibroblast cell line 3T3 were 
purchased fromATCC. Cells were maintained in RPMI 
1640 (NacalaiTesque, USA) supplemented with 10% 
heat-inactivated fetal bovine serum (FBS), 1% antibiotics 
(100 IU/ml penicillin, 100 µg/ml streptomycin) at 37°C 
in a humidified incubator containing 5% CO2, after which 
the medium was replaced with new culture medium 
containing different concentrations ranging from 1 to 
30mg/ml of the herbal extract. The cells were cultured in 
5mg/ml of doxorubicin (Sigma-Aldrich, USA) and used 
as a control (9).

Cell viability assay
Twenty-four hours later, the amount of cell death was 

assayed using an MTT kit (Vybrant MTT Cell Proliferation 
Assay Kit, Life Technologies, USA) following the 
manufacturer’s protocol. The absorbance was read at 570 
nm using the microplate ELISA reader. Percent of cell 
viability was calculated using the following formula: 

(%) = (Abs Treatment /Abs Control) × 100%

DNA extraction of Staphylococcus aureus
DNA was extracted from the S. aureus using the DNA 

extraction KIT (Gene ALL, South Korea).
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was in normal condition for both the cells, but after 
treatment with BVFCE, it demonstrated an excellent 
quantitative expression of p53 in WEHI-3 cells which 
is more than the one found in 3T3 cell lines (Fig. 
3). On the other hand, when the cells were treated 

is p53 that could be followed (Figs. 1, 2).

Berberis vulgaris fruit crude extract decreased the 
expression level of p53 gene

The analysis by qPCR indicated the level of p53 

Table I. Preparation of standard by serial dilution.

Dilution Volume of DNA (µl) Volume of diluents (µl) Final Volume Copy number

Standard 1 4.6 95.4 100 300000

Standard 2 10 90 100 30000

Standard 3 10 90 100 3000

Standard 4 10 90 100 300

Standard 5 10 90 100 30

Fig. 1. The effect of Berberis vulgaris crude extract on 3T3 cell line after being treated with IC50 value at 0 and 48 h by 
MTT assay (3T3 cell line, IC50= 13 mg/ml).
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Fig. 2. The effect of Berberis vulgaris crude extract on WEHI-3 cell line after being treated with IC50 value at 24 h by MTT 
assay (WEHI- 24 h cell line, IC50= 8mg/ml, EC50 Ratio =0. 17).

Fig. 3. Expression level of p53 in WEHI-3 and 3T3 cell lines. The 3T3 used as a control and doxorubicin as a 
chemotherapeutic drug for treatment of cancer. As shown in presence of Berberis vulgaris crude extract the expression 
level of p53 was decreased more than doxorubicin. 

TA. SAEDI ET AL.
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with doxorubicin, the level of p53 showed a decrease 
that demonstrated the efficiency of doxorubicin but 
BVFCE showed more decreasing effects on the p53 
than the compared doxorubicin drug. The level of 
p53 expression decreased more when the BVFCE 
concentrations were increased (Fig. 3).

DISCUSSION

Leukaemia remains a cancer disease which can 
not be treated in many patients. The rate of mortality 
and morbidity is high. It is important to diagnosis 
early and treat the infected patients. The current 
treatment is monitoring via examination for fifteen 
days and then 21 to 28 days aspiration of bone 
marrow.  Therefore, it is important to identify the 
reliable marker and also a new method for treatment 
of infected patients. The marker that predicts the 
stage of disease and also demonstrates the success 
prior to therapy is important.

In this survey, we found p53 as a potential 
biomarker for poor prognosis and also effectiveness 
of Berberis vulgaris fruit crude extract on decreased 
expression of this p53 gene. The analysis revealed 
high expression level of p53 in WEHI-3cell lines 
in comparison with normal 3T3 cell line. Also the 
findings demonstrate that the doxorubicin cause a 
decrease of p53 in both normal and leukaemic cell 
lines. On using the lower and highest concentrations 
of IC50 to evaluate the efficiency of extract, the results 
demonstrated a decreased expression of p53 to its 
minimal level. These results therefore indicate the 
role of p53 as a reliable marker for poor diagnosis of 
leukaemia. Moreover, BVFCE had a specific effect 
on p53 gene and consequently might improve cancer 
therapy in the near feature.

In conclusion, the current study recommended 
Berberis vulgaris fruit crude extract as a candidate 
for anti-cancer therapy in leukaemia with efficiency 
on p53. However, further studies should be carried 
out with emphasis on different cancer markers.
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The causes and pathogenesis of Inflammatory Bowel Disease (IBD) are still not clearly understood. 
This study aims to prove the important role of rifaximin played in inflammatory reaction caused by 
abnormity of the intestinal mucosal immune system. Intestinal microflora can greatly promote and 
maintain the inflammatory reaction of IBD, therefore, antibiotics can be used to treat IBD. Rifaximin 
is a medicine usually used for local intestinal infection. Many clinical and basic studies have shown that 
both a single application of rifaximin and the joint application with other medicines could achieve a 
good efficacy. This paper studied the activation of Pregnane Xenobiotic Receptor (PXR) in treating IBD 
with rifaximin and analyzed its efficacy in IBD when PXR was involved in the transport of medicine 
and metabolism. The results prove that rifaximin can not only serve as an anti-microbial drug, but can 
activate PXR and actually weaken the reaction of IBD. Thus it is safe to say that rifaximin has great 
potential in treating IBD.
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Pregnane Xenobiotic Receptor (PXR), also called 
the steroid and xenobiotic receptor (SXR), is an 
important member of nuclear receptor families. It is 
encoded by the NRI12 gene and activated by several 
natural or synthetic progestogens (1). PXR is a newly 
discovered key factor of CYP3A4 transcription 
regulation. Many medicines and environmental 
chemicals can achieve CYP3A4 transcription by the 
regulation of PXR, and can therefore have an effect 
on the metabolism of several medicines with substrate 
of CYP3A4 or environmental chemicals, which may 
induce mutual reactions among medicines and even 

create some adverse effects.  
Apart from its important role in metabolism and 

mutual reactions of medicines, there are increasingly 
more studies showing that PXR and its regulation 
target genes play a great part in sustaining the 
stability of the internal condition of the body and 
giving full play to the important physiological 
functions. Therefore, it is necessary to study the 
enzyme regulation and related pharmacological 
effects of traditional Chinese medicine and natural 
products on cytochrome P450, which will provide 
information for discovering new pharmacological 
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MATERIALS AND METHODS

Materials 
Rifaximin with a purity over 98% (National Institute 

for the Control of Pharmaceutical and Biological 
Products, China); Dulbecco’s modified Eagle’s medium 
(DMEM), hematogenous fetal bovine serum (FBS)
and pamcreatin (Hyclone Inc., US); rifampicin (Merck 
Inc., Germany); Dextran sodium sulfate(DSS) (MW36-
50 KDa, MP Biomedical LLC, Solon, OH, Russia); 
Dimethyl Sulphoxide (DMSO) and pregnenolone16a-
carbonitrile (PCN) (Sigma Inc., Japan); RNApure kit for 
a rapid extract of the total RNA (Biomed Inc., Beijing, 
China); TransScriptTM One-Step RT-PCR SuperMix 
(TransGen Biotech Inc., Beijing, China); Fast SYBR@ 
Green Master Mix (Applied Biosystems Inc., USA); 
NE-PERTM nucleoprotein and plasmosin extract kit 
and LightShift® Chemiluminescent EMSA kit (Pierce, 
Rockford, IL, USA); camellia oil to be injected (Academy 
of Military Medical Sciences, China); the other reagents 
are all commercially available. 

Cellular incubator (NAPCO 5410, Japan); reversed 
microscope (Nikon 120, Japan); clean bench (Great 
wall Air Purifier Equipment Engineering Inc, Beijing, 
China); PCR: GeneAmp PCR System 2400 (PE Applied 
Biosystem Inc., USA); ice maker (Manitowoc QM20, 
US); Ultra-low temperature freezer (MDF-U53V, Sanyo 
Inc, Japan); digital precise scale (Sartorius BS110S, 
Germany); water purifier (Millpore Simplicity, USA); 
Enzyme-labeled meter (PerknElmer VictorX, USA); 
Vortex oscillator (XH-89, Zhejiang Yuecheng Electric 
Factory, China); StepOne PlusTM Real Time PCR 
(Applied Biosystems, USA).

Method
Rifaximin and RIF were dissolved in DMSO. 4% 

(wt/vol) DSS was dissolved in distilled water; PCN 
(42 mg·kg-1): 151.2 mg PCN were dissolved it 36 mL 
camellia oil. 

Rifaximin: for a low dosage (20 mg·kg-1) 72 mg 
rifaximin were dissolved in 36mL camellia oil; for a 
medium dosage (40 mg·kg-1) 144 mg rifaximin were 
dissolved in 36 mL camellia oil; for a high dosage (80 
mg·kg-1) 288 mg rifaximin were dissolved in 36 mL 
camellia oil. 

Cell culture
LS174T cell strain was obtained from the cell bank 

in Peking Union Medical College and was placed into 
a culture flask with DMEM+10 % FBS to serve as the 
medium. This cell strain was cultured at 37°C with 5% 
CO2 against an appropriate saturated humidity. When 
cells grew to cover 80% of the medium, it was digested 

effects. 
Rifaximin is an antibiotic which fails to be 

assimilated orally and which has a local effect 
on the bowel. It is the semi-synthesis derivative 
of rifamycin, which is characterized by a wide 
antibacterial spectrum and strong antibacterial 
activity. Rifaximin has a high antibacterial activity 
towards several Gram-positive bacteria, gram-
negative aerobes and anaerobes, while the activity 
of gram-positive bacteria is much stronger than that 
of gram-negative (2, 3). By irreversibly combining 
it with the RNA polymerase β subunit dependent on 
DNA, rifaximin can inhibit the synthesis of bacterial 
RNA, prevent the connection between this enzyme 
and DNA, and the block of transcription of DNA and 
finally inhibit the synthesis of bacterial protein and 
shows the effect of disinfection (4, 5). Mencarelli 
et al. (6) found that rifaximin could effectively 
improve the expression of PXR and its related genes 
and inhibit the effect of TNFα in intestinal epithelial 
cells (IEC), thus inhibiting the reaction of IBD. 
These antibacterial effects can maintain the complete 
defense in bowel against any damage from foreign 
matter and bacterial products within the enteric 
cavity.

IBD is a chronic non-specific gastrointestinal 
disease which mainly includes Ulcerative colitis (UC) 
and Crohn’s disease (CD) (7). With the improvement 
in lifestyle leading to changes in dietary habits, there 
is an increasing incidence of IBD year by year. Some 
studies claim that there is an incidence of one in five 
people with IBD in the USA, and the ratio continues 
to increase. The pathogenesis of IBD is related to 
the local abnormal immunity in intestinal mucosa. 
The imbalance between pro-inflammatory cytokines 
and anti-inflammatory cytokines is considered as an 
important finding of IBD. Rifaximin can be mediated 
by PXR (8, 9) and then activate the CYP3A4. 
However, the classical ligand of rifampicin (RIF) 
can be applied to treat UC by activating PXR. This 
experiment took rifaximin as the object of study and 
built an IBD model by employing Dextran sodium 
sulfate (DSS) (MW 36-50 KDa). Furthermore, it led 
to an initial discussion over the molecular mechanism 
of rifaximin in treating IBD, which provided the 
experimental evidence and basis for further study 
of functions of rifaximin and an exploration of the 
effect of PXR compound on IBD.
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released; the cells were centrifuged at 4°C and 1500×g for 
4 min and then the supernatant was removed; the cellular 
sediment was rinsed twice in PBS and then centrifuged 
and enriched by adding 200 μL RIPA lysate, kept at 4°C 
for 10 min and then centrifuged at 12000×g for 10 min, 
then the sediment and supernatant were removed, namely 
the lysate of whole-cells. Protein was quantified by the 
Basic Competency Assessment (BCA) method and bovine 
serum protein was taken as the protein quantification 
standard. 20 μg protein was simmered in water at 95°C 
for 4 min. All samples were electrophoresed through 12% 
SDS-polyacrylamide 8×10 cm until the bromophenol blue 
moved towards the bottom of gel at the constant pressure 
of 100V. After electrophoresis, the protein was transferred 
from the gel to the membrane of Polyvinylidene Fluoride 
(PVDF) at 30V for 3 h; the PDVF membrane was 
submerged in 1×TTBS (10 mM Tris-HCl pH8.0, 150 
mM NaCI pH7.7, 0.05%Tween) including 5% skimmed 
milk powder (SMP), and was kept at 4°C overnight and 
the sites were combined with sealing non-specificity; the 
appropriate amount of primary antibodies diluted with 
1×TTBS including 5% SMP at the ratio of 1:1000 was 
added and then cultured at room temperature for 1 h; the 
membrane was washed three times in 1×TTBS for 15 
min each time; next secondary antibodies [IgG marked 
by Horseradish Peroxidase (HRP)] diluted with 1×TTBS 
including 5% SMP at the ratio of 1:1000 were added and 
cultured at room temperature for 1 h; the membrane was 
washed three times in 1×TTBS for 15 min each time; 
then washed in TBS again for 10 min; and was finally 
developed according to the manufacturer’s instructions on 
the electrochemiluminescence (ECL) kit.  

Effect of rifaximin on activation of PXR in the detection 
by EMSA

One day after spreading LS174 cells on the plate, 
they were treated with rifaximin (10-100 μmol·L-1) 
and RIF (10 μmol·L-1) to culture for a further 24 h; the 
nucleoprotein was extracted for detection according to the 
manufacturer’s instructions on the NE-PERTM nucleus 

by pamcreatin including 0.25% trypsin and 0.02% EDTA, 
and then subcultured at the ratio of 1:3. 

Detection of mRNA expression of CYP3A4 and PXR in 
LS174T by Realtime PCR

The LS174T cells were in a six-well plate by medium 
including 0.1, 1, 5, 10, 20, 50, and 100μmol·L-1 rifaximin; 
24 and 48 h later, based on the instructions on the 
RNApure kit, the total RNA was rapidly extracted; the 
result of electrophoretic analysis clearly showed the 18S 
and 28S stripe and showed that the ratio between A260 
and A280 was between 1.7 and 2.0, and the fragment of 
total RNA was complete without degradation. Using 2 
μg reverse transcription was carried out at 42°C for 30 
min and at 85°C for 5 min, respectively, according to the 
manufacturer’s instructions on TransScriptTM One-Step 
RT-PCR SuperMix; PCR was carried out by ABI StepOne 
PlusTM Realtime PCR and 2.0 μL reverse transcription 
reaction product was taken as the PCR reaction model; 
0.5 μL 20 μmol· L-1 upstream and downstream primer 
and 10 μL Fast SYBR@ Green Master Mix were added 
respectively, Rnase-free water was made up to 20 μL. 
The reaction parameters were shown as follows: initial 
denaturation at 95°C for 20 s, denaturation at 95°C for 3 s, 
and annealing at 60°C for 30 s with 40 cycles in all; β-actin 
was set up as the inner reference at each proliferation and 
Realtime quantitative analysis of the proliferation product 
of PCR was carried out by means of 2-(∆∆Ct). Finally, 
10μmol·L-1 RIF was used as the positive control group and 
0.1% DMSO as the solvent control group. The specific 
primer sequence is shown in Table I. 

Effect of rifaximin on the CYP3A4 and PXR protein 
expression in LS174T cell detected by Western-blot

The cell samples were precooled twice with different 
processing in the plate wells with PBS; 1 mL PBS was 
added and then cells and collagen were scraped from the  
plate wells with a cell scraper; cells were then put into a 1.5 
mL EP tube which was placed on ice and then suspended 
until the collagen within was dissolved and cells were 

Table I. Specific primer sequence under real-time PCR.

Gene Primer sequence
CYP3A4 5’-CAAGACCCCTTTGTGGAAAA-3’

5’-CGAGGCGACTTTCTTTCATC-3’
PXR 5’-AGCTGGAACCATGCTGACTT-3’

5’-AGGGGCGTAGCAAAGGGGTG-3’
β-actin 5’-CTACAATGAGCTGCGTGTGG-3’

5’-TAGCTCTTCTCCAGGGAGGA-3’
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duodenum, intestinum jejunum, ileum, cecum, and colon 
were removed from the mice in all six groups and were 
conserved at -80°C until use. Some parts of the colon were 
fixed in 10% neutral buffer formalin for the preparation 
of pathological slicing and HE dyeing; and the length of 
other parts was measured. 

Extract of DNA and Real-time PCR analysis
After administering for 10 days, the lung, heart, liver, 

kidney, stomach, spleen, duodenum, intestinum jejunum, 
ileum, cecum, and colon were taken from the mice in all 
six groups and preserved at -80°C until use. Based on 
instructions on the RNApure kit, tissues were taken to 
extractthe total RNA; the result of electrophoretic analysis 
clearly showed the 18S and 28S stripe and showed that 
the ratio between A260 and A280 was between 1.7 and 
2.0, and the fragment of total RNA was complete without 
degradation. TransScriptTM One-Step RT-PCR SuperMix 
2μg RNA was used for reverse transcription at 42°C for 
30 min and at 85°C for 5 min, respectively, according 
to the manufacturer’s instructions; PCR reaction was 
carried out by ABI StepOne P1usTM Realtime PCR and 
2.0 μL reverse transcription reaction product was taken 
as the PCR reaction model; 0.20 μmol· L-1 upstream and 
downstream primer and 10 μL Fast SYBR@ Green Master 
Mix were added respectively, the Rnase-free water was 
made up to 20 μL. The reaction parameters were shown as 
follows: initial denaturation of 20S at 95°C, denaturation 
of 3S at 95°C, and annealing of 30S at 60°C with 40 cycles 
in all; β-actin was set up as the inner reference at each 
proliferation and the Realtime quantitative analysis of the 
proliferation product of PCR was conducted by means of 
2-(∆∆Ct). Gene sequence was carried out according to the 
study of Cheng J et al. (11). 

Statistical analysis 
To ensure the accuracy of results, all the experiments 

were repeated three times and statistical analysis was 
carried out by SAS software, using the data collected from 
these experiments. The experimental data was expressed 
by mean ± standard deviation. The comparison between 
every two groups was carried out by t-test, p<0.05. 

RESULTS

Effect of rifaximin on the CYP3A4 and PXR mRNA 
expression in LS174T cell in the detection by real-
time PCR

In this study, 0.1% DMSO was used as the solvent 
control and 10 μmol·L-1 RIF as the positive control. 
By studying the transcription regulation effect of 
rifaximin on CYP3A4, it was found that RIF could 

and cytoplasm protein extract kit (Pierce, Rockford, IL, 
USA). The protein quantification was carried out by the 
BCA method and the bovine serum protein was taken as 
the standard. Probe was synthesized by Invitrogen and 
marked with biotin(5’-GAATGAACTTGCTGACCCT
CTATATGAACTCAAAGGAGGTCAGTG-3, and its 
complementary), but its competitive probe failed to be 
marked. 5 μg nucleus protein were prepared according 
to the instructions on LightShift® Chemiluminescent 
EMSA kit (Pierce, Rockford, IL, USA) and left at room 
temperature for 30 min; native polyacrylamide gel with 
a 6% concentration by 0.5×TBE was prepared and added 
with 0.5×TBE into the electrophoresis equipment so as 
to cover the upper sample well; then it was prerun at 
100V for 30 min and samples were loaded in the 20 µl 
system and electrophorese at 100V until the bromophenol 
blue moved towards 2/3 or 3/4 part of the whole gel; gel 
and nylon membrane were fixed on the electroporation 
equipment according to the manufacturer’s instructions; 
then precooled 0.5×TBE buffer was added and  
electrophoresed at 38 0mA for 45-50 min; cross-linking 
was carried out by applying the UV lamp in the length of 
254 nm and the side of nylon membrane was turned with 
DNA up and the cross-linking lamp placed at a 0.5 cm 
from membrane under the UV lamp to carry out cross-
linking for 10 min. The detection of chemoluminescence 
was carried out based on the manufacturer’s instructions, 
and finally, photo exposure detection was carried out.

Animal grouping and administration 
Sixty male C57BL/6J mice between 20 and 25 g in 

weight were used in this study, all provided from the 
experimental animal center in the Academy of Military 
Medical Sciences, China. All the mice were placed in an 
environment of (23±2)°C and (55±10)% humidity and 
fed ad libitum. The mice were randomly divided into 
six groups, ten in each group, including a control group, 
model group, low dosage group, middle dosage group, 
high dosage group and positive medicine group (PCN). 
All groups were treated with intraperitoneal injection. 
All mice were pre-administrated for three days and the 
control group was treated with the camellia oil in an 
equal dosage. From the 4th day, the model group, low 
dosage group, middle dosage group, high dosage group 
and positive medicine group freely drank the camellia 
oil including 4% DSS until the 10th day, and meanwhile 
they were treated with rifaximin or PCN correspondingly. 
The changes in weight as well as their diarrhea and 
hemafecia conditions were monitored of these mice. 
Disease activity index (DAI) was evaluated for all mice 
according to the Murano standard (10). All mice were 
kept from food but still provided with water 12 h before 
sacrificing. the lung, heart, liver, kidney, stomach, spleen, 

Y-C. WAN ET AL.
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Fig. 1. Effect of rifaximin on mRNA in LS174T cell. A) Influence of rifaximin on concentration-dependent effect of 
CYP3A4 mRNA relative expression in LS174T cell. B) Influence of rifaximin on concentration-dependent effect of PXR 
mRNA relative expression in LS174T cell (n=3). When compared with the control group, * = p<0.05, ** = p<0.01 (24h) 
in graph A; when compared with the control group, # = p<0.05, ## = p<0.01 (48h) in graph B.
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Fig. 2. Effect of rifaximin on mRNA in LS174T cell. A) Influence of rifaximin on time-dependent effect of CYP3A4 mRNA 
expression in LS174T cell. B) Influence of rifaximin on time-dependent effect of PXR mRNA expression in LS174T cell 
(n=3). When compared with the control group, *= p<0.05, and ** = p<0.01.

Y-C. WAN ET AL.
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mice in the model group was shorter in length than 
other groups. From the perspective of the appearance 
of colon, the colon from mice in the model group 
was congested and had turned red, while the colon 
from mice in the low dosage group, middle dosage 
group and high dosage group had an alleviated 
congestion successively. However, there was almost 
no congestion on the surface of colon from mice in 
the positive group. 

Preparation of pathological slicing for mice with 
IBD caused by DSS

To achieve a direct understanding of the 
severity of colonitis in mice caused by DSS and the 
protective effect of rifaximin, we made a histological 
examination. The results showed that when 
compared with the control group, in the model group 
treated with DSS for seven days freely, edema and 
inflammatory cellular infiltration was clearly shown 
on the intestinal wall of colon tissues. However, the 
damage of colon tissues was much alleviated after 
being treated with 20-80mg·kg-1, PCN (42 mg·kg-1) 
rifaximin. Moreover, with the increased dosage 
of rifaximin, the damage to the colon tissues was 
much less, without obvious surface of ulcer but only 
with edema and inflammatory cellular infiltration. 
Meanwhile, the damage to colon tissues was also 
obviously improved. However, as to the grading 
for pathological slicing, there was a much higher 
pathological grading for the model group than the 
control group. After treatment with 20-80 mg·kg-1, 
PCN (42 mg·kg-1) rifaximin, the pathological 
grading for the two groups was reduced. However, 
when compared with the model group, there was a 
much lower pathological grading in the PCN group. 

PXR relative expression in mice with IBD caused by 
DSS in the detection by Realtime PCR

In order to achieve a better understanding of the 
protective mechanism of mice with IBD caused 
by DSS, we detected the CYP3α11, CYP3α13 , 
GSTα1 and MDR1α in colon tissues and the PXR 
mRNA expression of lung, heart, liver, kidney, 
stomach, spleen, duodenum, intestinum jejunum, 
ileum, cecum, and colon from mice in each group. 
This result clearly showed a lower expression of 
CYP3α11, CYP3α13, GSTα1 and MDR1α in the 
model group but a successively higher expression 

both activate PXR and induce the transcription 
expression of CYP3A4. Rifaximin could induce 
the transcription expression of CYP3A4 within the 
concentration of 0.1-100 μmol·L-1 24 and 48 h later 
and showed a tendency of increase at first but later 
decreased and reached the maximum at 20 μmol· 
L-1, as was the tendency for the transcription of 
PXR activation which reached the maximum at 50 
μmol·L-1, Fig. 1. 

Effect of rifaximin on CYP3A4 and PXR mRNA in 
different time-points

After the action of rifaximin, the CYP3A4 and 
PXR mRNA expression were detected at 0, 4th, 8th, 
12th, 24th, 36th, 48th, 60th, and 72nd h, respectively. 
Results showed that the 20μmol·L-1 rifaximin could 
improve its expression at the 4th h, while the mRNA 
expression was improved at the 8th, 12th, 24th, 36th, 
48th, 60th, and 72nd h. At the 72nd h, the expression was 
reduced and it was of statistical significance when 
compared with that at 0 h, which showed a clear 
time-dependent effect, Fig. 2.

Protective mechanism of rifaximin for mice with IBD 
caused by DSS 
Clinical grading for mice with IBD caused by DSS

All 60 mice in this experiment were randomly 
divided into six groups of 10 mice each, including 
control group, model group, low dosage group, 
middle dosage group, high dosage group and 
positive medicine group (PCN), which were all 
treated with intraperitoneal injection. All mice were 
pre-administered for 3 days and the control groups 
were treated with camellia oil in equal dosage. From 
the 4th day, the model group, low dosage group, 
middle dosage group, high dosage group and positive 
medicine group drank camellia oil freely including 
4% DSS until the 10th day, and meanwhile they were 
treated with rifaximin or PCN correspondingly. By 
noting changes of weight, diarrhea and hemafecia 
condition in these mice, the DAI was evaluated 
based on the Murano standard. The results showed 
that the change of weight, diarrhea and hemafecia 
condition in mice from the model group was much 
worse than other groups. However, the changes in 
weight, diarrhea and hemafecia were successively 
alleviated for mice in the low dosage group, middle 
dosage group and high dosage group. The colon of 
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enzyme CYP3A, CYP2B6, CYP2C,CYP1A; the 
phase II metabolic enzyme UGT, SULT, GST; 
medicine transporter MDR1, MRP2, MRP3,MRP4, 
MRPS, BCRP, OATP, OCTP. PXR is the critical 
transcription factor of CYP3A4 for expression 
control. The transcription expression of CYP3A4 
mediated by PXR is considered as the important 
molecular basis of medical mutual reaction. PXR 
report gene experiments are based on the molecular 
mechanism of PXR in regulating the expression of 
CYP3A4. Basing on this experimental model, the 
induction of medicine to CYP3A4 and its effect 
produced by means of PXR can be ascertained.

IBD has a high rate of recurrence and major 
clinical symptoms, such as diarrhea, celialgia and 
Mucopurulent hemafecia (12). There is a higher 
incidence of IBD in western countries than Asian 
countries. However, with the improvement of lifestyle 
in Asian countries, the incidence of IBD is higher year 
by year. However, the cause of IBD is still far from 
clear, and the study of IBD pathological mechanism 
and development of new treatment remains an issue 
of great contention. Rifaximin can activate CYP3A4 
by mediating PXR, while the classical ligand RIF of 
PXR can be applied to treat UC by activating PXR. 
Therefore, this experiment applied the internationally 
accepted IBD model caused by DSS, and then 
discussed the molecular mechanism of rifaximin 
in treating IBD, which provides the reference for 
further study on the functions of rifaximin and further 
discussion on the effect of PXR in inducing the 
compound to treat IBD (13).

In this study, we first carried out the cellular 
experiment, then selected the human colon cancer 
cell strain LS174T and studied the effect of rifaximin 
on the CYP3A4 and PXR mRNA expression. Results 
showed that rifaximin could induce the CYP3A4 and 
PXR mRNA expression in cellular level with time 
and concentration dependence, which was consistent 
with transcription level as to its effect on the CYP3A4 
protein. In order to have further insight into the 
inductive mechanism of rifaximin for CYP3A4, the 
potential mechanism was inferred as the shift of PXR 
from cytoplasm to nucleus which combined with 
the consistent sequence in the transcription region 
of CYP3A4 after activated by allogene and then the 
formation of ligand-receptor compound to induce 
the transcription of CYP3A4 and the expression of 

in the low dosage group, middle dosage group and 
high dosage group. Moreover, they all showed a 
dependence on concentration to some extent. But the 
PCN group ranked the first in the increase of PXR 
mRNA expression. It was stated as above that PXR 
mRNA all had an expression in the above mentioned 
organs of mice, among which the liver and duodenum 
ranked the first in its expression, and then the cecum 
and colon. In addition, the PXR mRNA expression 
of all tissues in the model group was much lower 
than other groups, and the low dosage group, middle 
dosage group and positive medicine group tended to 
be higher subsequently.

NF-κB relative expression in mice with IBD caused 
by DSS detected by Realtime PCR

Nuclear factor -kappa B(NF-κB) is an important 
signal regulation pathway. Past studies have shown 
that the activation of PCR could inhibit the NF-κB 
signal pathway. To further study the protective effect 
of the rifaximin on mice with IBD caused by DSS, 
we conducted gene expression of related factors to 
NF-κB (Chemokine (C-C)motif receptor2 (CCR2), 
ICAM-1, IL-1β, IL-6, IL-10, inducible nitric oxide 
synthase(iNOS), monocyte chemoattractantprotein 
1 (MCP-1)) by realtime PCR. Results showed that 
the model group could obviously induce the mRNA 
expression of CCR2, ICAM, IL-1β, IL-6, IL-10, 
iNOS, MCP-l and TNFa, while the inductive effect 
of the low dosage group, middle dosage group and 
high dosage group decreased successively, while 
the positive medicine group could obviously inhibit 
the expression of CCR2, ICAM, IL-1p, IL-6, IL-10, 
iNOS, MCP-l and TNFa mRNA. These results were 
in line with other literature. 

DISCUSSION

Cytochrome P450 is the critical enzyme of medical 
metabolism, which takes part in the metabolism of 
several medicines and natural products. However, 
CYP450 itself can also be induced or inhibited by 
several medicines, which will change the metabolism 
and clearance velocity of the other medicine that is 
taken at the same time.  This is the common mutual 
reaction of medicine. The protein regulated and 
mediated by PXR is involved in several segments of 
medicinal process, including: the phase I metabolic 

Y-C. WAN ET AL.
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ranked the first in its expression, and then the cecum 
and colon. In addition, the PXR mRNA expression 
of all tissues in the model group was much lower 
than other groups, and the low dosage group, middle 
dosage group and positive medicine group tended 
to be higher successively. Previous studies have 
shown that the activated PXR could inhibit the NF-
KB signal pathway. In order to further examine the 
protective effect of rifaximin on IBD in mice caused 
by DSS, the mRNA expression of CCR2, ICAM, 
IL-1β, IL-6, IL-10, iNOS, MCP-1 and TNFa was 
detected by Realtime PCR. Results led to conclude 
that the model group could obviously induce the 
mRNA expression of CCR2, ICAM, IL-1β, IL-6, 
IL-10, iNOS, MCP-1 and TNFa, while the inductive 
effect of low, middle and high dosage was weakened 
successively and PCN could obviously inhibit the 
mRNA expression of CCR2, ICAM, IL-1β, IL-6, IL-
10, iNOS, MCP-1 and TNFa. Therefore, rifaximin as 
the xenobiotic ligand was inferred to be one which 
could be applied to alleviate IBD by activating PXR 
and then inducing CYP3α11, CYP3α13, GSTal and 
MDRIα. Besides, it could also be applied to inhibit 
the mRNA expression of CCR2, ICAM, IL-1β, IL-6, 
IL-10, iNOS, MCP-1 and TNFa and could be safely 
applied for treatment. 

In conclusion, the results obtained in this study 
show that rifaximin can activate PXR and the 
expression of CYPA4 mRNA at cellular level; the 
EMSA experiment and report gene experiment 
demonstrate that rifaximin can induce the expression 
of CYP3A4 by activating PXR. In the IBD model 
induced by DSS, PXR is the critical factor in 
treating IBD. When a compound can induce the 
PXR expression, it means that it has a potential 
ability in treating IBD, while rifaximin may be 
safely applied to treat IBD by activating PXR. The 
pathogenesis of IBD is yet far from clear, while the 
intestinal microorganisms play a leading role in the 
development of IBD. Therefore, antibiotics have 
great potential for treating IBD. At present, rifaximin 
is an antibiotic with local effect on bowel which fails 
to be assimilated orally but it has a low systematic 
effect, there are several studies proving its efficacy 
and safety. However, quite a number of problems in 
treating IBD with rifaximin are waiting for answers 
from further studies and more clinical experiments, 
such as whether it can be administered at intervals, 

protein. Thereafter, the EMSA was carried out and this 
result showed that the combination of PXR with the 
transcription region of CYP3A4 was quite specific, 
demonstrating that the inductive effect of rifaximin 
on CYP3A4 began in the combination phase of PXR 
with the transcription region of CYP3A4. Recently, 
a great number of studies have shown that PXR as 
a critical transcription regulation factor played an 
important role in the CYP3A4 expression. Thus it 
was estimated that the activation of rifaximin for 
PXR might simply represent its mechanism to induce 
the CYP3A4 expression. In order to prove this 
estimation, reporter gene technology was applied to 
examine the activation of rifaximin for PXR. The 
result of this experiment shows that rifaximin can 
promote its transcription activation and then induce 
a higher expression of CYP3A4, while this process is 
mediated by CYP3A4 regulation sequence including 
PXR response.

Rifaximin can activate CYP3A4 by mediating 
PXR, while the classical ligand RIF of PXR can be 
applied as the therapy for IBD by activating PXR. 
Thus the UC model caused by DSS applied in 
this paper, was pre-treated with rifaximin or PCN 
(Pregnenolone 16a-carbonitrile, as the inductor of 
classical CYP3A4 expression for rodent animals) for 
three days and then treated with 4%DSS at the 4th 
day. The result showed that the low, middle and high 
dosage of rifaximin could all relieve the symptoms of 
IBD. The result of pathological slicing revealed that 
rifaximin could effectively improve the condition of 
ulcer, which hinted that rifaximin could serve as a 
therapy for IBD caused by DSS.

In this study CYP3α11, CYP3α13, GSTα1 and 
MDR 1α were detected in colon tissues from mice in 
each group, as well as the PXR mRNA expression of 
lung, heart, liver, kidney, stomach, spleen, duodenum, 
intestinum jejunum, ileum, cecum, and colon from 
mice in each group. Results showed that the mRNA 
expression of CYP3α11, CYP3α13, GSTα1 and 
MDR 1α in the model group was all reduced to 
some extent. However, the mRNA expression of 
CYP3α11, CYP3α13, GSTα1 and MDR 1α in the 
low dosage group, middle dosage group and high 
dosage group was successively higher, and was also 
dependent on concentration. As stated above, PXR 
mRNA was expressed in the above mentioned organs 
of mice, among which the liver and duodenum 
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whether it is effective to administer in low dosage 
and whether it has drug resistance. 
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As the incidence of ischemic cerebrovascular disease increases continuously over the years, carotid 
atherosclerosis as an important dangerous factor has drawn a lot of attention from many experts and 
scholars. To explore the clinical significance of high resolution magnetic resonance angiography (MRA) 
in carotid atherosclerosis and ischemic cerebrovascular disease, a group contrasting method was 
adopted. One hundred patients with ischemic cerebrovascular disease and 100 patients without ischemic 
cerebrovascular disease were taken as observation group and control group, respectively. High resolution 
MRA was used for examining and observing the development of carotid atherosclerostic plaque in patients 
in the two groups. We found that the proportion of carotid atherosclerostic plaque in the experimental 
group and control group had statistical difference (P<0.05); and the proportion of carotid atherosclerostic 
plaque in patients over 60 years of age was higher than in patients under 60 years, and the difference 
was statistically significant (P<0.05). The proportion of carotid atherosclerostic plaque in patients with 
high blood pressure was also higher than in patients without high blood pressure, and the difference was 
statistically significant (P<0.05). Moreover, the proportion of carotid atherosclerostic plaque in patients 
with hyperlipidemia was higher than in patients without hyperlipidemia, and the differences were 
statistically significant (P<0.05). We can therefrore draw a conclusion that the development of carotid 
atherosclerostic plaque affects the occurrence of ischemic cerebrovascular disease, which is related to 
patient’s age, level of blood pressure and blood lipids. In addition, high resolution MRA is helpful to 
early discovery of the formation of carotid atherosclerostic plaque.
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LETTER TO THE EDITOR

Stroke, one of the main leading causes of death 
in the world, ranked second in the global cause of 
death, and its death toll reached 6.2 million in 2011, 
based on the data released by the World Health 
Organization (WHO) in 2013; its high incidence rate 
and mortality rate are obvious (1). Stroke, including 
hemorrhagic stroke and ischemic stroke (about 80%), 

is mainly caused by artery thrombosis or blood clots 
induced by embolism, such as atherosclerosis (the 
most common and dangerous pathogenic factor), 
cardiogenic embolism, lacunar infarction. For this 
reason, many experts and scholars have carried 
out extensive research in this field. In the article of 
Li ML (2), the color Doppler ultrasound detection 
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group, respectively. Symptoms of patients in the two 
groups were confirmed by Magnetic Resonance Imaging 
(MRI) or Computed Tomography (CT) (Table II).

Methods
Patients in the two groups were examined using 1.5 

T MRA scanners, and the imaging sequences included: 
axial 3-dimensional time-of-flight magnetic resonance 
angiography (3D - TOFMRA); axial fast spin echo 
(FSE) and double inversion recovery (DIR); axial FSE 
PDWI and T2 WI with EcG gating (8). In horizontal FSE 
sequence, upward and downward side of carotid artery 
lesion applying radio frequency saturated zone inhibited 
blood flow signal of carotid artery and jugular vein. 
Using the above methods, in both groups we analyzed 
the results of MRA, recorded the number of patients with 
and without ischemic cerebrovascular disease who were 
found with carotid plaque, and analyzed the number of 
patients who were over 60 and under 60 years of age with 
carotid plaques, as well as the formation of carotid plaque 
in patients with hypertensive history.

Statistical analysis
Statistical software SPSS17.0 was used for statistical 

analysis. Measurement data were expressed as mean±SD 
and processed by t-test, enumeration data was processed 
by χ2 test, and the difference was considered to have 
statistical significance if P<0.05.

RESULTS

Comparison of development of carotid 
atherosclerostic plaques of patients in the two groups

By comparing the observation group with 
the control group, it was found that general 
characteristics in the two groups were obviously 
different (Table II). The results indicated that 68 
patients in the observation group (68%) and 35 
patients in the control group (35%) were found with 
carotid atherosclerostic plaques, and the difference 
of the proportion of patients with carotid plaques in 
the two groups was statistically significant (P<0.05).

Influence of patients’ age on formation of carotid 
atherosclerostic plaques

Of 104 patients over 60 years of age, 78 developed 
carotid plaques; and of 96 patients under 60 years, 
25 developed carotid plaques; the proportion of 
carotid plaques among patients over 60 years was 
higher than that among patients below 60 years, and 
the difference was statistically significant (P<0.05).

method was explained, and was proved to have 
unique advantages on detecting the nature of carotid 
atherosclerostic plaque and could evaluate the 
potential risks of atherosclerotic plaque rupture, thus 
providing diagnostic basis for developing effective 
treatment protocols. In the study of Qian JL, et al. 
(3), carotid arteries of 210 patients with cerebral 
infarction underwent Color Doppler Flow Imaging 
(CDFI) detection, and the results showed that carotid 
atherosclerostic plaque was closely connected 
with cerebral infarction, and also indicated that 
CDFI was conducive to preventing and treating 
the cerebral infarction. In the paper by (4) Li and 
Liang, they proved that probucol+aspirin+statins 
(PAS) triple therapy had significant effect on 
treating carotid atherosclerostic plaque in patients 
with cerebral infarction by grouping contrast 
experiments. Traditional radiological technologies, 
such as computed tomography (CT) angiography, 
transcranial Doppler ultrasound, magnetic resonance 
angiography (MRA), angiography, etc. can only 
show the stenosis degree of blood vessels but cannot 
observe pathological changes of vascular walls. To 
date, high resolution MRA is applied in studying 
conditions of the intracranial vascular wall, including 
atherosclerotic plaque, irregular wall thickening, 
wall reconstruction, intraplaque hemorrhage, aortic 
dissection and vasculitis, etc (5, 6). 

It is not difficult to see that in atherosclerostic 
detection methods, Doppler ultrasonic detection is 
commonly applied with a higher precision rate (7), 
however it is limited in examining bifurcations of 
total artery and plaques in internal carotid artery, 
while magnetic resonance angiography (MRA) 
has better results in this aspect. In this study, the 
relationship between ischemic cerebrovascular 
disease and carotid atherosclerostic plaque was 
analyzed by observing patients in our hospital with 
and without ischemic cerebrovascular disease using 
high resolution MRA, which lays a solid foundation 
for future treatment of cerebrovascular disease in.

MATERIALS AND METHODS

A total of 100 patients with ischemic cerebrovascular 
disease (61 male and 39 female) and 100 patients without 
ischemic cerebrovascular disease (58 male and 42 female) 
who were admitted to our hospital from May 2010 to May 
2014 were taken as an observation group and a control 
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blood pressure, and the difference had statistical 
significance (P<0.05).

Influence of patients’ blood lipids on formation of 
carotid atherosclerostic plaques

Of 120 patients with hyperlipemia in the two 
groups, 72 developed carotid atherosclerostic 
plaques; and of 80 patients without hyperlipemia, 
31 developed carotid atherosclerostic plaques. 

Influence of patients’ blood pressure on formation of 
carotid atherosclerostic plaques

Of 83 patients with high blood pressure in the 
two groups, 48 developed carotid atherosclerostic 
plaques; and of 117 patients without high blood 
pressure, 55 developed carotid atherosclerostic 
plaques; the proportion of carotid atherosclerostic 
plaques among patients with high blood pressure 
was higher than that among patients without high 

Table I. Characteristics of patients in the two groups studied.

Group Gender (male/
female) Age Hyperlipemia patients (number) Hypertensive Patients (number)

Observation 
group 61/39 42±2.12 61 42

Control 
group 58/42 38±2.12 59 41

Table II. Comparison of general clinical characteristics in the observation group and control group. 

Variables Observation group (n=100) Control group (n=100) P value

Age (n, mean±SD) 63.9±13.6 63.1±12.4 0.86

Male (n, %) 61(61.00) 58(58.00) 1

Hypertension (n, %) 42(42.00) 41(41.00) 1

Hyperlipemia (n, %) 61(61.00) 59(59.00) 0.28
mean±SD, χ2

Table III. Effect of different influence factors of patients in two groups on formation of carotid atherosclerostic plaques.

Influence factors Observation 
group (n=100)

Control group 
(n=100) Total With carotid 

plaques

Proportion of 
forming plaque 

(%)

Age (O) O≥60     50 54  54  104 78 75.0

O<60 50 46   96 25 26.0

Hypertension Yes 44 39   83 48 57.8

No 56 61  117 55 47.0

Hyperlipidemia
emia Yes 59 61  120 72 60.0

No 33 47   80 31 38.8
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35% in the control group, which explained that the 
formation of ischemic cerebrovascular disease was 
connected with carotid atherosclerostic plaques to 
some extent. Therefore, early discovery of carotid 
atherosclerostic plaques contributes to the prevention 
of ischemic cerebrovascular disease. Besides its non-
invasive characteristic, MRA is also featured by high 
sensibility and specificity compared with carotid 
ultrasound, and its results are very close to the results 
obtained from carotid angiography. The results 
obtained in this study showed that, the proportions 
of carotid atherosclerostic plaques developed in the 
elderly, hypertensive and hyperlipemia patients over 
60 years of age were relatively high, which indicated 
that patients conforming to the above conditions 
were more likely to develop carotid atherosclerostic 
plaques, and they should attach importance to 
preventing ischemic cerebrovascular disease.

In conclusion, MRA has many advantages over 
carotid ultrasound. The application of high resolution 
MRA is able to intuitively reflect significant 
biological characteristics, such as structure of 
carotid arterial blood wall, size and ingredient of 
carotid atherosclerostic plaque, etc., and it has 
exceptional advantages in evaluating different types 
of atherosclerotic plaques, stability of vulnerable 
plaques in particular, compared to other examination 
methods. However, the high costs of MRA limit a 
large-scale investigation for carotid atherosclerotic 
plaques, therefore must be chosen based on a 
patient’s specific clinical symptoms.
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A 5-year-old intact male German Shepherd dog was referred with a diagnosis of leishmaniasis. 
Several testicular masses were palpated during the physical examination, while the diagnostic screening 
yielded no remarkable findings. Fine needle aspiration cytology of the masses revealed the presence of 
intermediately differentiated mast cell tumours. Scrotal ablation and orchiectomy were performed as 
a definitive treatment option. The pathological examination of the surgical specimens confirmed the 
diagnosis of grade II mast cell tumours and showed that they were all confined to the testicular capsule. 
At 7 months post-admission, the dog exhibited neither postsurgical complications nor metastatic foci 
and was, therefore, given a favourable prognosis. Despite their exceptionally rare occurrence, mast cell 
tumours should be considered for the differential diagnosis of testicular tumours.
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LETTER TO THE EDITOR

Mast cell tumours or mastocytomas are the most 
commonly encountered cutaneous tumours in dogs 
(1). The latter are usually affected at a mean age of 
8-9 years, while certain breeds, such as boxers, seem 
to be predisposed to mast cell tumour development. 
Mast cell tumours are characterised by a variable 
appearance, ranging from solitary (most often) to 
multifocal (1). In about one half of the cases, mast 
cell tumours arise on the trunk (2, 3). Apart from 
skin, mast cell tumours may also be encountered in 
gastrointestinal system, liver, spleen or elsewhere 
(4).

Primary sites for mast cell tumour development 
involve the dermis and/or subcutis and occasionally, 

internal viscera (1). Mast cell tumours constitute 
the most commonly reported scrotal tumours in 
dogs (5). However, according to the literature under 
study, cases of intra-scrotal mast cell tumours, with 
or without associated cutaneous involvement, have 
not been previously described in this species. The 
present case concerns a 5-year-old dog, which had 
been diagnosed with multiple bilateral mast cell 
tumours located at the testicular capsule.

Case description
A 5-year-old intact male German Shepherd dog 

was presented for a routine follow-up appointment 
after a past diagnosis of leishmaniasis. The dog resided 
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well as splenomegaly were reported. Moreover, the 
presence of multiple, firm, cold, non-painful, intra-
scrotal masses of variable size (approximately 1x1 to 
3x3 cm) was disclosed during the testicular palpation. 

in northern Greece, had an outdoor lifestyle and was 
currently on vaccinations and antiparasitic treatment. 
On physical examination, lymphadenomegaly of 
right prescapular and popliteal lymph nodes, as 

Fig. 1. A) Mast cells with moderate amount of cytoplasmic granules in a haemorrhagic background, (Giemsa, x100, bar = 
6 μm).  B) Grey-whitish nodules are prominent in the capsule of both testicles. Note the firm and homogenous cut surface 
of the masses (inset).  C) Panoramic overview of the tissue reveals that the neoplasm (asterisk) is strictly localised in the 
capsular layers of the testicle. Seminiferous tubules (upper left) and epididymis (lower right) appear intact, (Hematoxylin 
and Eosin, x4, bar = 500 μm).  D) Numerous neoplastic mast cells admixed with eosinophils are aggregated in the centre. 
Smaller foci of mast cell accumulations are shown in the dense fibrous surrounding stroma, (Hematoxylin and Eosin, x20, 
bar =50 μm). E) Higher magnification from the previous figure. Moderately pleomorphic neoplastic mast cells showing 
granular cytoplasm, intermingled with eosinophils with lobulated nucleus (Hematoxylin and Eosin, x40, bar =25μm). F) 
Multiple neoplastic mast cells containing varying amounts of the characteristic granules (Toluidine blue staining, x20, 
bar =50 μm).
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were detected. All nodules appeared to be attached 
to both testicles, occupying the vaginal cavity (Fig. 
1B). The cut surface of each nodule displayed 
a grey-white homogenous appearance (Fig. 1B 
inset). Histopathological examination of sections 
stained with hematoxylin and eosin revealed that 
the nodules were located in the outer part of the 
tunica albuginea of the testicle and in the connective 
tissue surrounding the ductus epididymis and the 
ductuli efferents, without penetrating the testicular 
parenchyma though (Fig. 1C). The masses consisted 
of numerous, sizable, round to polygonal cells, with 
usually abundant basophilic cytoplasmic granules 
and round to ovoid nucleus. The cells showed mild 
to moderate anisokaryosis and varying quantities 
of granules, while mitoses were less than 1 per 
high power field. Among the neoplastic cells and at 
the periphery of the nodules, multiple eosinophils 
were detected (Fig. 1, D, E). Collagenolysis and 
haemorrhages were also reported. Histochemical 
staining toluidine blue was carried out on serial 
sections to identify the purple cytoplasmic granules 
of mast cells (Fig. 1F). Histopathology verified the 
diagnosis of multiple mast cell tumours, and the 
neoplasms were classified as grade II (4).

The full clinical, haematological and biochemical 
profile of the patient was re-evaluated 7 months post-
admission, yielding only a mild eosinophilia (1,400/
μl, reference intervals: 0-600/μl). The latter was 
confirmed by a differential white blood cell count 
performed manually on a Giemsa-stained blood 
smear. Giemsa-stained buffy coat smears revealed 
no abnormalities. An aspiration of prescapular and 
popliteal lymph nodes was attempted without any 
satisfactory results, as lymph nodes were not palpable 
during physical examination due to their normal 
size and patient’s obesity. Thoracic radiographs and 
ultrasonography of the abdomen were unremarkable. 
No post-surgical complications were referred.

DISCUSSION

Mast cell tumours located at the inguinal area have 
been previously described on the cutis of the scrotum 
and prepuce in dogs (6). To the authors’ knowledge, 
this case constitutes the only documented report 
of intra-scrotal mast cell tumours without scrotal 
involvement, whether bi- or uni-lateral, single or 

The results of complete blood count (ADVIA 
120, Siemens Healthcare Diagnostics, USA) and 
fasting serum biochemical profile (Flexor E, Vital 
Scientific N.V., The Netherlands) were within the 
laboratory reference intervals. Indirect fluorescent 
antibody titre for anti-leishmanial antibodies was 
1/200 (cut-off titre: 1/100). Thoracic radiographs 
were unremarkable, while ultrasonography of the 
abdomen and scrotal area revealed hepatomegaly, 
splenomegaly and multiple masses on the testicle 
and epididymis bilaterally, without abnormalities in 
the regional lymph nodes. Ultrasound-guided fine 
needle aspiration (FNA) of the spleen and liver were 
performed, while the enlarged lymph nodes and the 
intra-scrotal masses were also aspirated. The samples 
were submitted for cytological evaluation.

All specimens were stained with Giemsa. 
Cytological examination of spleen and liver samples 
was unremarkable, whereas in terms of lymph node 
status, a diagnosis of reactive lymphadenopathy 
was made. Samples obtained from the intra-scrotal 
masses, were of small to moderate cellularity and 
contained well-preserved nucleated cells and many 
red blood cells. The main cell population was 
comprised of mast cells with a moderate amount of 
cytoplasm, usually containing a moderate number of 
metachromatic granules of variable size. The nucleus 
of the aforementioned cells was round to oval, 
usually centrically located and was rarely masked 
by cytoplasmic granules (Fig. 1A). Numerous 
eosinophils were observed, either as single or in 
small groups. A scant population of normal epithelial 
cells arranged in clusters, with a moderate amount 
of lightly basophilic cytoplasm and a mainly round 
nucleus, which was devoid of prominent nucleoli, 
was also reported. The cytological appearance of 
the masses was consistent with a mast cell tumour 
diagnosis. 

The removal of both testicles and scrotum 
was subsequently suggested. A bilateral radical 
orchiectomy with scrotal ablation was performed, 
which was followed by post-surgical administration 
of analgesics. No adjuvant therapy was suggested, 
due to the pending histopathological report.

The operative specimens were submitted for 
histopathological evaluation. Macroscopically, 
multiple, ovoid to round, solid, well circumscribed 
nodules of variable size (0.5 to 3 cm in diametre) 
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clinicopathological examination, as well as the 
thoracic radiographs were unremarkable. Based on 
the absence of local recurrence, systemic signs and 
metastatic disease and considering the previously 
reported favourable outcome of dogs with grade II 
cutaneous or subcutaneous mast cell tumours treated 
exclusively with surgical excision, the prognosis for 
the patient remained good (10, 12, 13). 

This is the first fully described report of a dog 
affected with mast cell tumours, which were all 
attached to the testicle and epididymis bilaterally, 
without any cutaneous penetration or penetration 
of testicular lobules and epididymis. Although 
extremely rare, mast cell tumours should be 
considered also for the differential diagnosis of 
testicular neoplasms.
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multiple in dog. No other species, except for a horse, 
have been reported to have developed a mast cell 
tumour with a similar anatomical location (7).

The dog was initially presented for a scheduled 
leishmaniasis follow-up visit, during which the 
presence of intra-scrotal masses was an incidental 
finding. On physical examination, the scrotum 
bilaterally had no remarkable findings, while multiple 
intra-scrotal masses were palpated, delineating a 
diagnosis of a primary testicular tumour. The initial 
differential diagnosis included the interstitial cell 
tumour, Sertoli cell tumour and seminoma.

Scrotal ultrasonography was thereafter 
performed, as it is acclaimed as a highly sensitive 
method for testicular neoplasia detection, which 
revealed the presence of multiple masses (8). FNA 
cytology of the masses disclosed the presence of 
mast cell tumours of intermediate differentiation. In 
terms of mast cell tumour diagnosis, FNA cytology 
attains high sensitivity and specificity rates and is, 
therefore, considered conclusive in the majority of 
the cases (1). In the present case, histopathological 
examination was additionally performed, which 
confirmed the cytological diagnosis and suggested 
the grade of tumour malignancy. However, most 
essentially, histopathology disclosed the unique 
anatomical location of the tumours at the testicular 
capsule and indicated no associated cutaneous 
involvement.

On admission, peripheral lymphadenomegaly 
and hepatosplenomegaly were also observed. 
A diagnosis of reactive lymphadenopathy was 
established based on FNA cytology, while, regarding 
the enlarged spleen and liver, ultrasound-guided 
FNA cytology revealed no abnormalities. Both 
lymphadenopathy and hepatosplenomegaly were 
attributed to leishmaniasis, as they constitute well-
described entities of the disease (9).

At 7 months post-admission, the main 
investigation was targeted towards the evaluation of 
the regional lymph nodes, liver and spleen, as they 
are regarded as common sites for mast cell tumour 
metastasis (10). FNA yielded no remarkable findings. 
In fact, aspiration cytology of regional lymph nodes 
has been considered as a method of high sensitivity 
and specificity (100% and 96% respectively) 
for the detection of solid tumour metastasis in 
dogs and cats (11). Additionally, the physical and 
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This paper studies the effect and relationship of NOB1 in the development of gastric cancer, based 
on an analysis of NOB1expression in gastric cancer tissue and adjacent tissue. Thirty gastric cancer 
tissue samples taken during surgery with complete pathological data and their related adjacent normal 
tissue were examined in this study. NOB1 protein expression in gastric cancer tissue and adjacent 
normal tissue was detected by immunohistochemistry (IHC). Real-time PCR was used to detect NOB1 
mRNA expression, which provided a basis on which to explore the clinical pathological characteristics 
for patients with gastric cancer. Results show that NOB1 protein in gastric cancer tissue and adjacent 
normal tissue were diffusely expressed both in the cytoplasm and nucleus. The positive expression rate 
in gastric cancer tissue was 73%, higher than that in adjacent normal tissue (47%). Both the reference 
NAPDH and NOB1 amplification are reflected in the amplification curve in standard S-shape and the 
unimodal solubility curve which was not altered by non-specific amplification and primer dimer. NOB1 
mRNA relative expression in cancer tissue was 4.899±1.412. NOB1 expression had no direct relationship 
with the patients’ age, gender, tumor differentiation or infiltration degree, lymphatic metastasis, distant 
metastasis nor pTNM periodization, but was directly related to the size of the tumor. All the findings in 
this paper suggest that NOB1 can be one of the focuses for diagnosing and treating gastric cancer and 
that its protein expression is likely to increase with the growth of tumor, thus playing a great role in the 
incidence and development of gastric cancer.
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LETTER TO THE EDITOR

Gastric cancer is a common malignant tumor in 
the digestive tract. There are some epidemiological 
studies which show that it ranks fourth in the most 
common tumors after lung cancer, ovarian cancer, 
and colorectal cancer. It has a higher incidence in 
developing countries, especially in the southeast 

countries such as China (1-2). The incidence of gastric 
cancer is a complicated pathological process with 
many factors and steps. In addition to the environment, 
most attention is presently paid to its pathogenesis, 
including gene expression and polymorphism (3). 
The conclusion of the relationship between NOB1 
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reverse transcription reaction system was made up in 
accordance with the instructions on TAKARA and the 
first strand in cDNA was synthesized. The concentration 
of Mg2+ and primers were optimized. The reaction system 
for amplifying by Real-time PCR was 25 μL and 40 cycles 
were run according to the following conditions: 2 min 
at 95°C, 30s at 95°C, 30s at 60°C and 30s at 72°C. The 
changes in NOB1 mRNA expression by Real-time PCR 
were examined. When the reaction was over, the original 
value of Ct was read, and then the relative expression of 
NOB1 by 2-ΔΔCt was analyzed.

Immunohistochemistry
Tissues were embedded in paraffin, and paraffin tissue 

slicing and HE dyeing were performed according to 
instructions on the SP immunohistochemistry staining kit. 
The given positive section was taken as a positive control, 
and PBS was taken in place of the primary antibody as 
negative control. Data analysis: the semi-quantitative 
immunity grading method was adopted and the product 
between the two grades from the straining intensity and 
ratio of positive cells was considered as standard. Staining 
intensity of positive cells: the staining results with double-
blind method were evaluated. The staining result of 
immunohistochemistry showed no color, or light yellow, 
tan or brown granules in the endochylema or nuclei. 
The four types of staining intensity were marked with 
grades 0, 1, 2, 3 respectively. Staining ratio of positive 
cells: every section of the specimens was selected with 5 
typical visions under the high-power microscope (400x). 
Two hundred cells within each vision were randomly 
counted and the total amount was no fewer than 1,000. 
The positive cells in 26%~50% were marked as grade 2, 
51%~75% as grade 3, 76%~100% as grade 4, and below 
or equal to 25% as grade 1. The product was divided into 
four grades: grade 0~2 were -, grades 3~5 were --, grades 
6~8 were---, and grades >8 were+. Cells whose grades 
were between 3 and 5 had positive expression.

Statistical analysis
The experiment result was statistically analyzed by 

SPSS 17.0 software. The comparison in positive rates 
between gastric cancer tissue and adjacent normal tissue 
was tested by χ2. P<0.05 showing that the difference was 
of statistical significance. 

RESULTS

Expression of NOB1 protein in the gastric cancer 
tissue and adjacent normal tissue 

When staining NOB1 protein in the gastric cancer 
tissues and adjacent normal tissues with HE, it was 

and tumor reached by Dong B., et al. (4) suggests the 
close relationship between NOB1 and gastric cancer 
and other tumors. He XW et al. (5) studied the effect 
of NOB1 on the proliferation and apoptosis of RKO 
cells in colorectal cancer. Then they observed an 
obvious reduction of NOB1 mRNA and its protein 
expression. There were also decreases in the number 
of clone formation and in the dimension of tumors, but 
an increase in the number of cells. Their study showed 
that NOB1 plays an important role in the incidence 
and proliferation of malignant tumors. Zhong Junxin, 
et al. (1) also observed the increasing expression of 
NOB1 in gastric cancer with an inspection of that 
expression, and they considered NOB1 very important 
in the incidence of gastric cancer. Based on the above 
results, this paper examins NOB1 mRNA expression 
in gastric cancer tissue and adjacent normal tissue by 
IHC and Real-time PCR, so as to explore the function 
mechanism and relations of NOB1 in the development 
of gastric cancer.

MATERIALS AND METHODS

Thirty gastric cancer patients with complete 
pathological data who were treated with surgical resection 
from April 2013 to July 2013 are included in this paper. 
The gastric cancer tissue samples and relative adjacent 
normal tissue samples (distance over 5.0cm) were taken 
and then kept the lab of Gastroenterology department at 
-80oC. The latter was set as control group. There were 22 
males and 8 females with a mean age of 56.03. The AJCC 
method was taken for the pathological grading from I to 
III of all cases. All patients were treated with radiotherapy, 
chemotherapy or immunization therapy before surgery. 

Main reagents
cDNA reverse transcription kit, Real-time PCR reagent 

and Trizol reagent (from TAKARA company);DEPC (from 
Sigma company, USA), RNasin (from Promega company, 
USA); NOB1 antibody with working concentration of 
1:25 (from PROTEINTECH company); second antibody 
DAB chromogenic substrate system (from Genentech). 

Real-time PCR
The upstream primer for NOB1 is 

5’-TCTTCCTCATCCCTCTCAAC-3’, and the downstream 
primer is 5’-ATCCCATCCACTCTCCTCAT-3’. 
GAPDH is the reference, the upstream primer is 
5’-CCCTCTCACCCACCCAACAT-3’ and the downstream 
primer, 5’-CCTATTCCCCTAACCCCTCC-3’. The total 
DNA was extracted according to the Trizol method. A 
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amplification and solubility curve. The amplification 
curve showed a typical S-shape. The solubility 
curve showed a typical unimodal with a uniform 
solution temperature. This unimodal solubility curve 
illustrated that the amplification product was quite 
specific. The experiment results were apart from the 
interruption of non-specific amplification and primer 
dimer, and were used for data analysis (Fig. 3 a, b, 
c, d).

The results from the formula 2-ΔΔCt are the multiple 
of target genes from samples in the experiment group 
regulated by the reference gene expression when 
compared with that in the control group. The relative 
NOB1 mRNA expression in gastric cancer tissue and 
adjacent normal tissue is shown in Table II.

The results showed that the expression of NOB1 
mRNA in gastric cancer tissue was 4.899±1.412 
(Mean±SD) based on 2-ΔΔCt, higher than the relative 
expression in the adjacent normal tissue (Fig. 4).

found that there were fewer adenoid structures and a 
higher ratio between nucleus and cytoplasm. Some 
staining results are shown in Fig. 1.

NOB1 protein was diffused both in gastric cancer 
tissue and in adjacent normal tissue. There was 
no significant difference in the staining intensity 
between the cytoplasm and nucleus (Fig. 2).

In the immunochemistry experiment, the positive 
expression rate was 73%, obviously higher than 
that in adjacent normal tissue samples (χ2= 4.444, 
P<0.05) (Table I).

Expression of NOB1 MrNA in gastric cancer tissue 
and adjacent normal tissue.

During the process of applying the Real-time 
PCR, it continued to produce the amplification curve. 
The solubility curve continued to be produced after 
the PCR was over. The amplification of reference 
NAPDH and NOB1 were seen in the standard 

Table I. Positive rates in the gastric cancer tissue and adjacent normal tissue.

Performance - + ++ +++ Positive rate

Gastric cancer tissue 8 7 8 7 73%

Adjacent normal tissue 16 8 3 3 47%

Table II. Relative expression of NOB1 mRNA in 30 specimens.

 Relative expression  Relative expression  Relative expression 

Serial 
NO.

Gastric 
cancer tissue

Adjacent 
normal tissue

Serial 
NO.

Gastric 
cancer tissue

Adjacent 
normal tissue

Serial 
NO.

Gastric 
cancer tissue

Adjacent 
normal tissue

1 4.01866 1 11 4.18816 1 21 5.18354 1

2 3.42076 1 12 4.19296 1 22 5.19335 1

3 5.79738 1 13 3.60481 1 23 7.55833 1

4 6.80478 1 14 4.10296 1 24 4.42435 1

5 4.37841 1 15 3.33994 1 25 4.46009 1

6 3.55095 1 16 4.25408 1 26 7.35111 1

7 4.92873 1 17 6.55864 1 27 6.38600 1

8 7.27997 1 18 3.44855 1 28 3.57170 1

9 7.82932 1 19 3.77022 1 29 4.31691 1

10 3.01391 1 20 5.32609 1 30 4.70928 1
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Expression of NOB1 and analysis of clinical 
pathological characteristics for patients with gastric 
cancer

The expression of NOB1 had no significant 
relationship to the patients’ age, gender, cancer 
differentiation, infiltration degree, lymphatic 
metastasis, distant metastasis or pTNM periodization 
(P＞0.05 in all cases, difference was of no statistical 
significance), but it was directly related to the size 
of the tumor (P＜0.05, difference was of statistical 
significance) (Table III).

DISCUSSION

Gastric cancer is a common malignant tumor in 
the digestive tract. The genetic factor is one of the 
main causes of gastric cancer. Diet, benign lesions of 
the stomach and bacterial infection are also likely to 
induce gastric cancer. Without a clear clinical record 
in the early stage of gastric cancer, it is hard to make 
an accurate diagnosis. At present, the diagnosis 
for gastric cancer, apart from the observation of 
symptoms and signs, is dependent on auxiliary 

Table III. Relationship between the expression of NOB1 and the clinical pathological characteristics of gastric cancer 
(Mean±SD).

Clinical  pathological 
characteristics Cases

 Expression of NOB1
 Value of P

Positive Negative
Age
≥60 16 14 2 0.101
＜60 14 8 6

Gender
Male 22 15 7 0.391

Female 8 7 1
Diameter of tumor(cm)

≥5 15 14 1 0.035
＜5 15 8 7

Differentiation Degree
High and moderate 7 5 2 1.000

Low and no 23 17 6
Infiltration degree

T1+T2 3 1 2 0.166
T3+T4 27 21 6

 Lymphatic metastasis
N0+N1 16 11 5 0.689
N2+N3 14 11 3

Distant metastasis
With 4 4 0 0.550

Without 26 18 8
pTNM periodization 

Period I and II 14 11 3 0.689
Period III and IV 16 11 5

W-P. ZHOU ET AL.
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Fig. 1. Staining results with HE of NOB1 protein. a/c gastric cancer tissue (100x); b/d adjacent normal tissue (400x).

Fig. 2. Immunochemistry staining results of NOB1 protein (400x). a) (-), adjacent normal tissue; b) (+), gastric cancer 
tissue; c) (++), gastric cancer tissue; d) (+++), gastric cancer tissue.
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Fig. 4. Comparison of expression of NOB1 mRNA between gastric tissue and adjacent normal tissue.

A

C D

B

Fig. 3. a) Amplification curve of reference GAPDH. b) Solubility curve of reference GAPDH. c) Amplification curve of 
NOB1. d) Solubility curve of NOB1.

W-P. ZHOU ET AL.
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degrades the substrate protein after ubiquitination. 
The 26S proteasome is made up of one 20S core 
protease and two 19S regulatory particles. NOB1 
protein serves as the molecular companion in the 
formation process of 19S regulatory particles. In 
this formation process, the precursor compound 
of 20S core protease is first produced by the 
combination of semi-proteasome (α7β7) with the 
molecular companion Umplp subunit, and then 
this precursor compound goes from cytoplasm to 
nucleus. Meanwhile, another precursor compound 
of 19S proteasome is produced by the mutual 
reaction between NOB1 protein, as the molecular 
companion, and the subunit Nin1p/Rpn12 of RP 
together with 19S regulatory particles. Next, these 
two compounds are combined, and the molecular 
companion Umplp and NOB1 protein are separated 
from these two precursors and degraded. When cells 
grow into the exponential phase, NOB1 takes part in 
the transcription process of new proteasome. UPP is 
able to degrade cancer genes, inhibit production of 
cancer genes, metaprotein and allosteric protein, and 
preserve the normal functions of cells. If there is a 
lack of NOB1, it is likely to induce the tumor with 
abnormal functions of UPP.

In this study, the difference between NOB1 
mRNA relative expression in gastric cancer tissue 
and that in adjacent normal tissue is of statistical 
significance. The positive NOB1 expression 
rate in gastric cancer tissue (73%) is statistically 
higher than that in adjacent normal tissue (43%). It 
suggests that NOB1 is possibly one of the focuses 
for gene diagnosis and treatment for gastric cancer. 
Moreover, the rising NOB1 expression in gastric 
cancer shows that NOB1 may play an important role 
in the incidence and development of gastric cancer. 

In conclusion, the results obtained by these two 
methods revealed that NOB1 mRNA and protein 
expression in gastric cancer tissue was higher than 
that in adjacent normal tissue. Therefore, NOB1 
enjoys a great potential as one of the focuses of gene 
diagnosis and treatment for gastric cancer. Besides, 
NOB1 protein expression is not related to the age, 
gender, tumor’s differentiation and infiltration 
degree, lymphatic metastasis, distant metastasis 
and pTNM periodization, but related to the size of 
tumor. This signifies that NOB1 protein expression 
is likely to increase with the growth of the tumor. All 

examination or laboratory examination (6). There are 
some tumor markers in the clinical examination of 
gastric cancer, including CEA, CA19-9 and CA72-4. 
In Li Yan’s study on the tumor markers and clinical 
significance of gastric cancer, he proved that a 
combined examination could improve the detection 
rate. He also revealed that a combined examination 
was likely to reduce the specificity while improving 
the sensibility, so that a marker with strong specificity 
was a necessary choice (7). Nowadays, as to gastric 
cancer treatment, surgery still predominates with 
a quite good response. However, because of the 
difficulty of detecting the tumor in the early stage, 
most patients arrive at a progressive stage and 
the gastrectomy fails to achieve a good response. 
Therefore, it is safe to say that the cancer survival 
rate can effectively be improved by improving the 
diagnosis rate of early gastric cancer. The gene 
diagnosis and treatment is the present focus of 
medical research. Moreover, the present research on 
gastric cancer aims at making an earlier diagnosis by 
identifying the gene which plays a decisive role in 
gastric cancer.

NOB1 is a multi-functional protein, whose change 
in expression will directly affect the biosynthesis of 
ribosome and proteasome. NOB1 is believed to play 
an important role in treating tumors since change in 
ribosome and proteasome is related to the incidence, 
development, metastasis and suppression of tumor 
(8). Its effects on the incidence and development of 
tumor have attracted the attention of a great number 
of scholars. Studiesby Lin, et al. (9) showed that the 
application of RNA interruption technique could 
effectively silence NOB1 in HEY and SKOV3 
ovarian cells, reduce the proliferation of ovarian 
cancer cells, and arrest cell cycle in G1 phase. Some 
research groups have also studied the performance of 
NOB1 in colorectal cancer, finding NOB1 expression 
in colorectal cancer significantly higher than in 
normal colorectal tissue. In this case, NOB1 may 
be the proto-oncogene which leads to a malignant 
hyperplasia, therefore, it has become the new tumor 
marker and new target gene (1, 8). Moreover, it 
may be closely related to the high selectivity within 
eukaryotes and the ubiquitin-proteasome pathway 
(UPP) with high efficacy. Gastric cancer is induced 
by interrupting the process of protein degradation by 
UPP (6). The 26S proteasome in UPP recognizes and 
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findings as stated above suggest that NOB1 plays an 
important role in the incidence and development of 
gastric cancer with its increasing expression.
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The objective of the present study was to explore the expression and significance of survivin and 
Livin in lesions of Condyloma acuminatum (CA). Streptavidin-perosidase (SP) immunohistochemistry 
method was used to measure the expression of survivin, Livin and Ki-67 in 48 cases of CA and 25 
cases of normal foreskin tissues. The positive expression rates of survivin, Livin and Ki-67 were 72.91% 
(35/48), 77.08% (37/48) and 85.42% (41/48) in CA tissues, and 4% (1/25), 4% (5/25) and 60% (15/25) in 
the control group, respectively. The expression intensity of survivin, Livin and Ki-67 in CA tissues (++ 
~ +++) was significantly higher than that in the normal control group (- ~ ++). There were significant 
differences (P <0.05) both in the positive rates and the expression intensity of survivin, Livin and Ki-67 
between the two groups. There was positive correlation between the expression of survivin and Livin in 
CA group (P < 0.01); the expressions of survivin and Ki-67 were positively correlated with each other 
(P < 0.01); Livin and Ki-67 expressions were positively correlated with each other (P < 0.01). There 
were over-expressions and excessive proliferations of survivin and Livin in CA tissues, and apoptosis 
suppressors survivin and Livin were correlated with CA.
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LETTER TO THE EDITOR

Condyloma acuminatum (CA), one of the sexually 
transmitted diseases, severely threatens people’s 
life all over the world, especially in the depressed 
areas. CA can also be induced by indirect contact 
infection such as underwear, briefs, bath towel, tub, 
and closestool circle. Mother-to-child transmission 
is another reason for occurrence of CA.

Research has found that in recent years, tumor 
has a close relationship with cell apoptosis. CA 
was infected by human papilloma virus (HPV), and 
common sexually transmitted diseases (STD). The 
clinical manifestations of CA are similar to those of 
papilloma or cauliflower thickening. CA is a benign 
proliferative disease, and excessive proliferation of 

body warts can induce giant condyloma acuminatum 
(GCA), also named Buschke-loewenstein tumour 
(1). Proteins survivin and Livin were discovered 
in recent years and became new members of the 
family of apoptosis protein inhibitors (IAP), and 
they may inhibit apoptosis through various ways, 
and participate in the development of tumor (2, 3). 
Ki-67 antigen is one of the most widely used cell 
proliferation markers, and it can accurately reflect 
the activity of cell proliferation. CA hyperplasia is 
fast, and its relapse is easy. 

The present study detected expressions of 
survivin, Livin and Ki-67 proteins in acute CA tissues 
to explore the possible role of survivin and Livin in 
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semi-quantitative classification scoring system of positive 
cell percentage and tinting strength grade in tissue sections. 
Positive cell percentage of 10% or less was designated 
as 0 point. Positive cell percentage of 10~25% was 
designated as 1 point. Positive cell percentage of 26~50% 
was designated as 2 points. Positive cell percentage 
of 51~75% was designated as 3 points. Positive cell 
percentage of 76% and more was designated as 4 points. 

In the tinting strength analysis, no color was designated 
as 0 point; light yellow was designated as 1 point; yellow 
was designated as 2 points; tan color was designated as 3 
points. 

The combined results of the above two scores were 
defined as follows: 0 point was designated as negative 
result (-), and 1~4 points were designated as weak and 
positive result (+), and 6~8 points were designated as 
positive result (+ +), and 9~12 points were designated as 
strong positive result.

Statistical analysis
The SPSS11.0 statistical software was employed for 

χ2 test, t-test, and Spearman’s correlation analysis was 
used for variance between survivin, livin and Ki-67. A 
P valueless than 0.05 indicated that the difference was 
statistically significant. 

RESULTS

Expression of survivin in CA tissue and normal 
epithelial tissue

Thirty-five of 48 cases had CA tissues, and 
the survivin positive expression rate was 72.92% 
(35/48), and the positive expressing intensity was ++ 
~ +++ (Fig. 1A). The positive cells mostly showed 
focal or flake distributed in the upper and particle 

the pathogenesis of CA by using the Streptavidin-
perosidase (SP) immunohistochemical method.

MATERIALS AND METHODS

Cases 
Forty-eight patients with CA (29 male and 19 

female; aged 18 to 62 years median 27.94±9.69 years) 
consecutively treated in the skin venereal outpatient 
department of our hospital were enrolled in this study. The 
patients had not received any drug, laser, freezing, or other 
treatment previously. Disease duration was 4 weeks (w) ~ 
25 w with an average of 9.93±4.12 w. They all exhibited 
typical clinical manifestations, and were diagnosed with 
CA by clinical and laboratory criteria. A total of 25 cases 
of normal prepuce tissues served as the control group. 

Reagents
Poly-clonal antibody against survivin was bought from 

Wuhan Boster Biological Engineering Co.Ltd. The rabbit-
anti-Livin, and SP polyclonal antibody (concentrated) 
general detection kits were provided by Beijing Bioss 
Biological Co. Ltd. Ki-67 ready-to-use SP detection kits 
and DAB enzyme substrates were purchased from Fujian 
MXB Biological Engineering Co. Ltd.

Antibodies against survivin, Livin and Ki-67 were 
employed in the SP method. According to the directions 
of the kits, all tissue samples were stained under the same 
conditions. 

Survivin and Livin expressed tan particles of positive 
cells in the cytoplasm, while Ki-67 positive color tan 
particles were in nuclei. 

According to Birner et al. (4), the comprehensive 
staining intensities of survivin, Livin and Ki-67 and 
positive cell percentage in all the cells were analyzed by 
semi-quantitative processing method according to the 

Table I. Positive rate comparison between survivin, Livin and Ki-67 in CA tissue and normal tissue in control group.

Classification
Case 
Quantity

Positive Negative Positive Rate P

survivin CA Group 48 35 13 72.92%
4.0%

<0.01Control Group 25 1 24

Livin CA Group 48 37 11 77.08%
20.00%

<0.01Control Group 25 5 20

Ki-67
CA Group 48 41 7 85.42%

60.00%
<0.01Control Group 25 15 10

Note: Positive rate comparison between survivin, Livin and Ki-67 in CA tissue and normal tissue in control group, P < 
0.05
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Table II. Expression intensity comparison of survivin, Livin and Ki-67 in CA tissue and normal tissue in control group.

Classification Case Quantity Expression Intensity (case quantity) P
- + ++ +++

survivin CA Group 48 13 8 13 14 <0.01Control Group 25 24 1 0 0

Livin CA Group 48 11 5 13 22 <0.01Control Group 25 20 3 2 0

Ki-67 CA Group 48 7 18 21 2 <0.01Control Group 25 10 11 3 1

Note: expression intensity comparison of CA tissue and normal control group survivin, Livin, and Ki-67 in normal control 
group, P < 0.05.

Fig. 1. A) Expression of Survivin in CA tissue. CA tissues were collected and subjected to immunohistochemical analysis 
with antibody targeting Survivia as staining. B) Expression of survivin in normal tissue. Normal tissues were collected 
and subjected to immunohistochemical analysis with antibody targeting Survivia as staining. C) Expression of Livin in 
Condyloma acuminatum tissue. Condyloma acuminatum tissues were collected and subjected to immunohistochemical 
analysis with antibody targeting Livin as staining. D) Livin expression in normal foreskin tissue. Normal tissues were 
collected and subjected to immunohistochemical analysis with antibody targeting Livin as staining.   (DAB staining SP 
X 400).

illustrated (Fig. 1A) (Table I). There was 1 case with 
survivin expression of 25 cases of normal tissues, and 
the positive expression rate was 4% (1/25), and the 
expression intensity was - ~ + (Fig. 1B) (Table II). 
The difference of the positive rate was statistically 

layer of stratum spinosum (Fig. 1A), and lower 
layer of stratum spinosum and bottom base layer 
also showed expression of the protein of survivin. 
Positive cells mostly had large nuclei, which were 
easy to be seen, and abundant cytoplasms were 

A

C

B

D
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DISCUSSION

Survivin was discovered to be a new member of 
the IAP family screened in human genome library 
by Effector Cell Protease Recepor-1 (EPR-1) cDNA, 
and studies have shown that survivin was specifically 
expressed in tumor tissues. In comparison, normal 
tissues had no expression or lower expression of 
surviving, and its expression in cancer tissue was 
corrected with progression of cancer (5, 6). Survivin 
can inhibit apoptosis, and affect cell proliferation 
and angiogenesis (7). Its inhibiting effect on cell 
apoptosis is mainly by the following two pathways: 
firstly, it can directly interact with caspase-3 and 
caspase-7, and inhibit caspase activity, and block 
apoptosis process; secondly, it can indirectly inhibit 
the activity of caspase-3 and inhibit apoptosis 
through P21 (8).

The present experiment adopted the 
immunohistochemical method to research survivin 
protein expression in CA tissues, and the results 
showed that survivin protein positive expression 
rate and expression intensity in CA tissues were 
significantly higher than those of the normal control 
group (Fig. 1A, B) (P < 0.05). The expression of 
survivin protein in CA tissues was increased (Fig. 
1A), and its mechanism might be the survivin gene in 
different signaling pathways of apoptosis. Survivin 
directly inhibited the terminal effects on caspase-3 
and caspase-7, or certain cycle protein kinases such 
as CDK4 for blocking the signal transduction of 
apoptosis, inhibiting apoptosis of epithelial cells and 
promoting excessive proliferation, and promoting 
the CA excessive proliferation, and participating in 
the development of CA.

In recent years, Livin was found to be a new 
member of IAP family (2). The protein was cloned 
from the human genome cDNA library. Because it 
was found in human fetal renal cDNA libraries, it was 
also named as kidney inhibitor of apoptosis protein 
(KIAP) (9). It was reported that livin was highly 
expressed in a variety of tumor tissues, and it could 
inhibit the apoptosis of tumor cells, and promote the 
role of the abnormal proliferation of tumor cells, 
and it was involved in the development of tumors. 
We used the SP immunohistochemical method to 
detect expression of apoptosis-related proteins in 
CA tissues. The results demonstrated that the livin 

significant (χ2 = 23.826, P < 0.05), and the positive 
intensity expression of similarity between the two 
groups was statistically significant (χ2 = 24.314, P < 
0.05) (Table I, Table II)

Expression of Livin in CA tissue
Thirty-seven of 48 cases had Livin-positive 

expression in CA tissues, and the positive expression 
rate was 77.08% (37/48), and the expressing intensity 
was ++ ~ +++ (Fig. 1C). Positive cells showed focal 
or diffuse distribution of stratum spinosum, and the 
expression was more significant in stratum spinosum 
layers (Fig. 1C) . In the control group, there were 
5 cases with Livin positive expression, the positive 
expression rate was 20% (5/25), and the expression 
intensity was mostly - ~ ++ (Fig. 1D) (Table I, II). 
The positive expression rate between the two groups 
was statistically different (P < 0.05), and the positive 
expression intensity of similarity between the two 
groups was statistically significant (P < 0.05) (Table 
I and Table II).

Ki-67 expression in CA tissues and normal epithelium
Forty-one of 48 cases had ki-67 positive 

expression, and the positive expression rate was 
85.42% (41/48), and the expressing intensity was 
mostly ++ ~ +++. The main positive cells were 
stained in the nuclei with tan grains, and the positive 
cells were throughout base layer and the lower part 
of stratum spinosum, and upper stratum spinosum 
and particle layer had Ki-67 expression. The positive 
expression rate of the normal control group was 60% 
(15/25), and the intensity of expression intensity was 
mostly - ~ +, mainly observed in the underlying cells; 
The differences of positive rates were statistically 
significant (P < 0.05), and the positive intensity 
expression between the two groups was statistically 
significant (P < 0.01) ( Table I and Table II).

Correlation analysis of expression of survivin and 
Livin in CA tissues

Spearman correlation analysis illustrated that the 
expressions of survivin and Livin in CA tissues of 
48 cases were positively correlated with CA (P < 
0.01). The expressions of survivin and Ki-67 were 
positively correlated with CA (P < 0.01), and Livin 
and Ki-67 expressions were positively correlated 
with CA (P < 0.01).

G-W. YIN ET AL.
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RT-PCR and Western blot should be used in further 
investigation to explore role of survivin and Livin in 
lesions of CA from mRNA and protein levels.

In conclusion, over-expression and excessive 
proliferation of survivin and Livin were found in 
CA tissues, and apoptosis suppressors survivin and 
Livin were correlated with CA and pathogenesis of 
the disease.
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This study was conducted to investigate the effect of relative gene expression on plaque vulnerability 
in patients with either stable angina or acute coronary syndrome (ACS). A total of 30 patients with ACS, 
28 patients with stable angina and 17 healthy volunteers were selected. High resolution ultrasound was 
used to detect carotid arterial intima-media thickness (IMT) and plaque score, Sandwich enzyme linked 
immunoassay to determine the change of matrix metalloproteinase (MMP)-9 and tissue inhibitor of 
matrix metalloproteinase (TIMP)-1. The three groups had no statistically significant difference in age, 
gender, total cholesterol, triglyceride, high-density lipoprotein cholesterol and low-density lipoprotein 
cholesterol. MMP-9, TIMP-1, MMP-9/TIMP-1 and IMT, total plaque score, soft plaque score and hard 
plaque score of patients’ acute coronary syndrome were obviously higher than those with stable angina 
and normal people. It was also found that MMP-9 was in a positive correlation with IMT, total and soft 
plaques score, TIMP-1 was positively correlated with IMT as was MMP-9/TIMP-1. Regardless of age, 
IMT was in a positive correlation with MMP-9, TIMP-1 and MMP-9/TIMP-1 in partial correlation 
analysis. All these findings suggest that ACS patients have remarkably higher MMP-9, 1TIMP-1, MMP-
9/TIMP-1, IMT, total plaque score, soft plaque score and hard plaque score compared to patients with 
stable angina pectoris and healthy subjects (P<0.05) and there are positive correlations between MMP-
9, TIMP-1, 1MMP-8/TIMP-1, total plaque and soft plaque score. 
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LETTER TO THE EDITOR

The incidence and development of acute coronary 
syndrome (ACS) is closely related to the stability of 
atherosclerotic plaques and rupture of vulnerable 
plaques is considered as the major pathogenesis for 
ACS (1). Recently, research tends to diagnose ACS 
by identifying vulnerable plaques. 

Zhao Wei, et al. found that the inflammation 
markers interleukin-6 (IL-6), matrix 
metalloproteinase (MMP)-9 and matrix 
metalloproteinase (TIMP)-1 could directly reflect 

the instability of plaques in patients with ACS 
and play an important role in its incidence and 
development. Detecting their levels might help to 
diagnose patients at high risk of developing ACS and 
predict the incidence of cardiovascular diseases (2). 
Zhao Kai, et al. found that autophagy of monocyte 
from the peripheral blood of a patient with coronary 
heart disease tended to decrease as the instability of 
coronary atherosclerotic plaques increased. They 
believed that strengthening autophagy of peripheral 
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The probe then turned 90° to detect the IMT of the common 
carotid artery. Plaques are usually defined as vessel lumen 
prominence exceeding 1.3 mm, which is used as the standard 
to determine its formation. Plaques can be divided into soft 
plaques and hard plaques. The former is defined as plaque 
with a different degree of mixed echo and the latter is 
defined as plaque with a local strengthened echo and sound 
shadow or obvious sound attenuation. This study adopted 
the Crouse method for the plaque score. Length of plaques 
were excluded and then the maximum thickness value of 
atherosclerotic plaques in common carotid artery, carotid 
bifurcation, internal carotid and external carotid on the same 
side were taken; the sum of these values was the plaque score 
of carotid artery on that side and the total plaque score was 
the sum of plaque scores of carotid artery on both sides.  

Determination of plasm MMP-9 and TIMP-1
	 Blood samples were taken from all patients within 24 

h after the occurrence of acute myocardial infarction, while 
patients with unstable or stable angina had blood samples 
taken in the early morning after being admitted to hospital. 
The normal control group had blood samples taken in 
the early morning. A quantity of 4 ml blood was drawn 
from every patient and they were treated with heparin as 
an anticoagulant. All blood samples were centrifuged at 
3000r/min for 15min. Plasma was obtained and preserved 
at -20°C. MMP-9 and TIMP-1 were then detected by 
Sandwich Enzyme Linked Immunoassay. Devices for 
these tests included MMP-9 enzyme linked immunoassay 
kit (DMP900, Quantikine US), TIMP-1 enzyme linked 
immunoassay kit (DMP100, Quantikine, US) and Bio-
tech Microplate Reader (A450nm Finland) which was 
used to detect spectroscopic luminosity. MMP-9 or TMP-1 
monoclonal antibody was coated in advance in microplates 
and then injected with standard substance and sample. 
MMP-9 or TIMP-1 was combined with immobilized 
antibody to form specific MMP-9 or TIMP-1 enzyme-
linked polyclonal antibody compound. When reaction 
terminated, it was found that MMP was in proportion to 
TIMP-1 or the compound. Foreign matter was rinsed 
away and substrate, i.e., the chromatic product catalyzed 
from enzyme within reaction wells, was added. Next, the 
standard curve was formulated according to the standard 
tube density value and the content of MMP-9 or TIMP-1 in 
samples was calculated based on standard curve. 

 
Determination of blood lipids 

Fasting blood samples were taken in the early morning 
to detect the blood lipids. Total serum cholesterol was 
detected by triple enzyme end-point colorimetric method; 
triglyceride was detected by 4-chlorophenol colorimetric 
method; high-density lipoprotein cholesterol and low-
density lipoprotein cholesterol were detected by direct 

blood monocytes could be a new way of stabilizing 
coronary atherosclerotic plaques, reducing the 
frequency of acute coronary arterial diseases and 
reducing the mortality (3). Zhu Zhebei, et al. 
proposed that INF-γ was able to thin the fiber caps 
of atherosclerotic plaques and restrain the formation 
of vulnerable plaques by reducing the immersion and 
regeneration of smooth muscle cells, reducing the 
synthesis of collagen and increasing the expression 
of extracellular matrix protein degradation, thereby 
promoting the formation of vulnerable plaques (4).

Through analyzing the correlation between 
MMP-9, TIMP-1 and carotid arterial intima-media 
thickness (IMT) in patients with ACS, this study 
explored its significance in identifying the vulnerable 
plaques for those patients.  

MATERIALS AND METHODS

Study group 
A total of 30 patients (21 males, 9 females; mean age of 

62.3±9.4 years) with ACS were enrolled in one group of the 
study. Of these 30 patients, 5 suffered from unstable angina 
and the remaining 25 from acute myocardial infarction. In 
the other study group, 29 patients (14 males, 15 females; 
mean age 58.6±6.8) were confirmed with stable angina. 
Seventeen volunteers (10 males, 7 females; mean age 
57.5±8.1) were enrolled as control group. All volunteers 
in the control group were confirmed non-smokers with 
normal blood pressure and without any record of coronary 
heart disease, diabetes or hypertension. They all signed a 
written informed consent before enrolment. The diagnosis 
for acute myocardial infarction was performed according 
to the criteria from World Health Association (WHO), 
while the diagnosis for unstable angina and stable angina 
were carried out according to criteria from The American 
Heart Association. Subjects with acute infection, severe 
kidney disease, severe heart failure, malignant tumor, 
cerebral apoplexy, gestation, rheumatism, trauma or who 
had undergone surgery within the last month, were not 
included in the study. 

Carotid arterial IMT and plaque detection
Agilent Sonos 5500 color Doppler ultrasound imaging 

and linear-array probe with 11-3L frequency conversion 
(7.0MHz) were used for detection. Probing depth was 
set at 4 cm. Patients in supine position were examined by 
horizontal scanning from the internal extremity of the 
clavicle to the common carotid artery. The probe moved 
towards the head along the scanning direction to examine 
the carotid bifurcation, internal carotid and external carotid. 
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that MMP9, TIMP-1, MMP-9/TIMP-1, IMT, total 
plaque score and in ACS group was much higher 
than stable angina group and control group (P<0.01), 
as shown in Table II.  

Relative analysis of multiple factors
Among the three groups of data treated by 

elemental linear analysis, MMP-9 was in positive 
correlation with IMT, total plaque score and soft 
plaque score (r=0.468, P<0.01; r=0.592, P<0.01; 
r=0.677, P<0.0l); TIMP-1 was positively correlated 
with IMT, total plaque score, soft plaque score and 
hard plaque score (r=0.449, P<0.0l; r=0.493, P<0.01; 
r=0.435, P<0.01; r=0.227, P<0.05); MMP-9/TIMP-
1 was positively correlated with IMT, total plaque 
score, and soft plaque score (r=0.253, P<0.05; 
r=0.431, P<0.0l; r=0. 547, P<0.0l). Regardless 
of age, the analysis of partial correlation showed 
that IMT was positively correlated with MMP-9 
(r=0.461, P<0.001), TIMP-1 (r=0.441, P<0.001), 
and MMP-9/TIMP-1 (r=0.241, P<0.01).

DISCUSSION

Coronary atherosclerotic heart disease (CAHD) 
is one of the main causes of death worldwide 
(5). To date, the incidence of cardiovascular and 

method based on the full-automatic biochemical analyzer. 

Statistical analysis 
All measurement data were expressed by mean 

± standard deviation and they were tested based on 
homogeneity of variance. Data that did not distribute 
normally were treated with logarithmic transformation 
before analysis. The comparison among these three 
groups was analyzed by single-factor variance and the 
comparisons between two groups were tested by LSD-t. 
All numerical data were tested by c2. The analysis of 
correlation between unit linear, partial indexes and 
relative coefficients was applied by t-test. When p<0.05, 
the difference was of statistical significance. Statistical 
analysis was performed by applying SPSS 11.0 software.  

RESULTS

General clinical data
The difference in age, gender, total cholesterol, 

total cholesterol, triglyceride, high-density 
lipoprotein cholesterol, and low-density lipoprotein 
cholesterol between these three groups was of no 
statistical significance (P>0.05) (Table I). 

Comparison of ratio of MMP-9 and TIMP-1 and 
carotid artery ultrasound index 

From experimental results It can be concluded 

Table I. Comparison of general clinical data from the three groups (mean±standard deviation).

Indexes ACS group (n=30) Stable angina group (n=29) Normal control group (n=17)
Age(year) 62.3±9.4 58.6±6.8 57.7±8.1

Male/female 21/9 14/15 10/7
Total cholesterol(mmol/L)     4.36±0.77 4.42±0.80 4.04±0.62

Triglyceride (mmol/L) 1.35±0.64 1.34±0.61 1.21±0.54
HDLC(mmol/L) 1.13±0.39 1.13±0.37 1.00±0.22
LDLC(mmol/L) 2.34±0.47 2.36±0.51 2.23±0.41

Table II. Ratio between plasm MMP-9 and TIMP-1 and comparison among ultrasound indexes of carotid artery in these 
three groups (mean ± standard deviation ).

Index ACS group(n=30) Stable angina group (n=29) Normal control group (n=17)
MMP-9(µg/L) 13.15±9.80ac 2.21±2.00 1.66±1.27
TIMP-1(µg/L) 1.36±0.61ac 0.69±0.39 0.58±0.42

MMP-9/TIMP-1 10.01±7.20ac 3.25±1.99 5.17±7.42
IMT(mm) 1.01±0.21bd 0.83±0.12a 0.66±0.08

Total plaque score 4.47±1.90bd 2.24±1.70a 0.31±0.89
 Soft plaque score 2.30±2.21bd 0.40±0.69a 0.00±0.00
Hard plaque score 2.17±1.56b 1.84±1.60a 0.31±0.89
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but a much higher carotid arterial IMT, total plaque 
score, soft plaque score and hard plaque score than 
those in the stable angina group and control group. 
Coronary plaques found in patients suffering from 
stable angina pectoris are dominated by stable 
fibrous plaques, while vulnerable and soft lipid 
plaques account for the main part in ACS patients. 

Patients with acute myocardial infarction are 
usually found with obviously lower MMP-9 after 
being treated with pravastatin for three days (10). 
Therefore, this study recruited patients who had 
suffered acute myocardial infarction within 24 h, 
so as to exclude interference from other treatment 
factors. The results found that plasm MMP-9, TIMP-
9/TIMP-1 and carotid arterial IMT, total plaque 
score, soft plaque score and hard plaque score in the 
ACS group were obviously higher than those in the 
stable angina group and normal control group. 	

Further analysis demonstrated that MMP-9 was 
positively correlated with IMT, total plaque score 
and soft plaque score; TIMP-1 was positively 
correlated with IMT, total plaque score, soft plaque 
score and hard plaque score; MMP-9/TIMP-1 was 
in positive relation with IMT, total plaque score 
and soft plaque score. Regardless of age, the partial 
correlation analysis showed that IMT was in a 
positive correlation with MMP-9, TIMP-1, and 
MMP-9/TIMP-1. MMP-9, MMP-9/TIMP-1was 
strongly linked to soft plaque score. The imbalance 
between MMP-9 and TIMP-1 is thought to be the 
direct cause of the rupture of vulnerable plaques 
in compromised patients. However, the imbalance 
process between MMP-9 and TIMP-1 is as follows: 
excessive higher MMP-9 weakens the inhibition 
ability of TIMP-1 with compensatory increasing to 
excessive high activity of MMP-9, thereby resulting 
in the degradation of extracellular matrix and rupture 
of plaques. Soft plaques with higher MMP-9, MMP-
9/TIMP-1 detected by carotid arterial ultrasound can 
further reflect the instability of plaques.

In conclusion, plasm MMP-9, TIMP-1, MMP-9/
TIMP-1, carotid arterial IMT, total plaque score, soft 
plaque score and hard plaque score of ACS patients 
are obviously higher than those with stable angina 
and healthy subjects. In addition, Plasma MMP-9, 
TIMP-1, MMP-9/TIMP-1 are found in a positive 
correlation with carotid arterial IMT, total plaque 
score and soft plaque score. As a result, the detection 

cerebrovascular diseases dominated by CAHD is in 
rapid growth. ACS is an acute situation of CAHD 
and once it occurs the condition of patients becomes 
serious. Various studies reveal that ACS is a group of 
clinical syndromes mainly caused by the rupture of 
atherosclerotic vulnerable plaques and the formation 
of secondary complete or incomplete obliterative 
thrombus (6).

The so-called vulnerable plaques refer to easily 
ruptured plaques with thin fiber caps, a big lipid 
core and abundant macrophages and new blood 
vessels which can cause thrombus and acute 
closure in coronary artery (7). However, the stable 
atherosclerotic plaques act the opposite way as they 
are featured by thick fiber caps and small lipid core 
and they will not cause occlusion in coronary artery. 
Therefore, a deep understanding of the mechanism 
of unstable plaques acts as a key in mastering the 
stability of vulnerable plaques. It can stabilize the 
vulnerable plaques, greatly reduce the incidence of 
ACS and further reduce the mortality of CAHD. 

ACS is mainly caused by unstable atherosclerotic 
plaques, and the thrombus formation induced by 
its rupture leads to vascular cavity obliteration 
and promotes myocardial ischemia or necrosis in 
the distal vascular supply area (8). Extracellular 
matrix which is the important composition of the 
vascular wall, is also a key part in the complete 
plaques. Extracellular matrix with great elasticity 
and tenacity is rich in collagen, therefore its content, 
thickness and strength play a vital role in preventing 
the rupture of plaques. On the normal artery wall, the 
synthesis and resolution of extracellular matrix is in 
a relative balance and its composition is relatively 
stable. 	 Extreme degradation of extracellular matrix 
is likely to induce the break of plaques and the 
incidence of ACS. MMP is a family of zinc iron-
dependent proteinase which plays a major role in 
the degradation of extracellular matrix. Secreted by 
macrophages, smooth muscle cells and epithelial 
cells, it can quicken the break of plaques by digesting 
the composition of fiber caps and destroying their 
structure, which is one of major causes of unstable 
plaques (9). Therefore, the relation between MMP 
and plaque stability has drawn great attention 
recently. 

This study found that in the ACS group there was 
not only the rupture of plaques in coronary artery, 
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of serum MMP-9 and MMP-9/TIMP-1 by carotid 
artery ultrasound was considered to have a great 
clinical significance in the detection of vulnerable 
plaques. 

REFERENCES

1.	 Niu JF, Li J. Changes of interleukin-18 in patients 
with acute coronary syndrome and its clinical 
significance. Adv Cardiov Dis 2013; 34(1):118-20.

2.	 Zhao W, Li TT, Li Y. Relative analysis of inflammation 
markers in patients with coronary disease and acute 
coronary syndrome. Chinese J Ger Heart Brain Ves 
Dis 2014; 16(2):207-8.

3.	 Zhao K, Chen WQ, Xu XS, Meng X, Zhang Y, Li JF. 
The study of relationship between autophagy related 
proteins expression in mono-cytes and vulnerability 
of coronary atherosclerotic plaque. Chinese J Art 
2014; 22(1):37-42. 

4.	 Zhu ZB, Jiang JJ, Li RZ, Wang L. The relationship 
between atherosclerotic plaque characteristics and 
Th-cell drift in the patients with coronary artery 





JOURNAL OF BIOLOGICAL REGULATORS & HOMEOSTATIC AGENTS

0393-974X (2015)
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.
443

Vol. 29, no. 2, 443-450 (2015)

Key words: chronic hepatitis C, liver cirrhosis, magnetic resonance, spectrum, antiviral

Mailing address:  Dr Zujiang Yu,
Department of Infectious Diseases, 
the First Affiliated Hospital, 
Zhengzhou University,  
Jianshe East Road No.1,
Zhengzhou, Henan 450052, China
e-mail: yzj@ibhsedu.com 

This study discusses the application of magnetic resonance spectrum (MRS) to evaluate the efficacy 
of antiviral therapy in the treatment of liver cirrhosis caused by chronic hepatitis C and hepatitis C, 
based on metabolite detection. A total of 54 patients with liver cirrhosis caused by chronic hepatitis C 
and hepatitis C were selected and divided into treatment group and control group. 31P-MRS imaging 
was carried out on patients in the two groups both before receiving antiviral treatment and 6 months 
after treatment to compare the change of metabolite ratio (PE+PC)/(GPE+GPC). It was revealed that 
no statistically significant difference was found in the comparison of (PC+PE)/(GPC+GPE) ratio in the 
two groups before treatment, but the difference was found 6 months after treatment; ratio of (PC+PE)/ 
(GPC+GPE) in the treatment group distinctly decreased 6 months after treatment compared to before 
treatment, with a statistically significant difference, while the control group had no remarkable change 
or statistical significance. Moreover, 32 patients were found with sustained virus response to antiviral 
therapy. Of these, 25 patients possessed a decreased ratio of (PC+PE)/ (GPC+GPE), 4 remained without 
change and 3 had a slightly increased ratio after antiviral treatment. Of 12 patients with no response, 
1 had a decreased ratio of (PC+PE)/ (GPC+GPE), 2 remained without change and 9 had a slightly 
increased ratio. The differences were all statistically significant in comparison of the two groups. 
31P-MRS is thought to be effective for evaluating the efficacy of antiviral therapy through non-invasive 
detection of liver energy metabolism. 
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LETTER TO THE EDITOR

Chronic hepatitis C is a worldwide liver disease, 
with 1,700 million infectors (1). Many cases 
develop into liver cirrhosis and even liver cancer in 
the advanced stage. To date, liver puncture is used 
to determine the degree of hepatitis and staging 
of chronic hepatitis (2); however, this invasive 
examination is painful for patients. Therefore, 
magnetic resonance spectrum (MRS) is now being 
applied to acquire liver tissue information. 

MRS is a molecular imaging method which 
makes use of atomic nuclei such as 1H, 31P, 13C, 
19F, 23Na. Usually, 31P-MRS is applied in liver 
diffuse lesion. For instance, Sevas-tianova et al. 
(3), with the help of 3.0-T 31P-MRS spectroscopy 
with proton decoupling, distinguished different 
stages of nonalcoholic fatty liver disease by 
analyzing the composition of phosphomonoester 
and phosphodiesterase and detecting phosphorous 
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participant.

Clinical evaluation
With regard to treatment efficacy, the primary 

endpoints were: (1) sustained virological response 
(SVR) (5) (defined as: viral RNA of hepatitis C could 
not be detected or detected as < 500 copy/ml, and the 
drugs stopped after at least 24 weeks); (2) recurrence 
(defined as: viral RNA of hepatitis C could not be 
detected or detected as < 500 copies/mL in the 
antiviral therapy, but it could be detected within 24 
weeks after stopping taking drugs). The secondary 
endpoint is evaluation of disease progress (defined 
as Child-Pugh score increases of 2 or more); for 
instance, liver disease induces primary liver cancer, 
renal insufficiency, spontaneous bacterial peritonitis, 
variceal bleeding or death (6). 

Treatment
Prior to the study, patients in the treatment group 

were examined for serum HCV antibody, liver 
function, viral RNA of hepatitis C, coagulation 
function, thyroid function, alpha fetoprotein, liver 
CT scanning, blood routine and urine routine. Blood 
routine and liver function were controlled every 
week for the first month, every four weeks during 
the study and every eight weeks within twenty-four 
weeks after having stopped taking medication. Viral 
RNA of hepatitis C was detected before treatment, 
twenty-four weeks and forty-eight weeks after 
treatment and six months after having stopped taking 
drugs. RNA level of hepatitis C was detected using 
real-time polymerase chain reaction (PCR) (Roche 
Group). 

Liver function and HCV-RNA were checked in 
patients in the control group. Blood routine and liver 
color Doppler ultrasound performed every twelve 
weeks. 

All the patients were given symptomatic 
and supportive treatment, including lowering 
transaminase and bilirubin and supplementing 
albumin level. Patients in the treatment group 
with neutrophil granulocyte ≥1.0×109/L, 
blood  platelet ≥50×109/L, hemoglobin >10g/L 
were also treated with PEG-IFNα-2a and ribavirin. 
Initial dosage of PEG-IFNα-2a was 180 µg/kg 
(subcutaneous  injection). Dosage of PEG-IFNα-2a 
was reduced to 90 µg/kg once a week if neutrophil 

compound such as nicotinamide adenine dinucleotide 
phosphate. Wang Lijuan (4) proposed a 31P-MRS liver 
cancer diagnosis method based on genetic algorithm 
and neural network to improve the identification rate 
of liver cancer. 

Based on the current technologies, MRS images 
and metabolite peaks of 54 cases of liver cirrhosis 
caused by chronic hepatitis C and hepatitis C 
before treatment and 6 months after treatment were 
analyzed. 31P-MRS in the efficacy evaluation of 
interferon and ribavirin treating vital hepatitis C was 
also discussed. 

MATERIALS AND METHODS

A total of 54 patients (32 male and 22 female; 
age 32-69 years - mean 49.3 years) with liver 
cirrhosis caused by chronic hepatitis C and hepatitis 
C who were admitted to the infections department 
of the First Affiliated Hospital of Zhengzhou 
University, Henan, between October 2012 and 
September 2013 were enrolled in this study based 
on inclusion and exclusion criteria. None of the 
patients had contraindication for magnetic resonance 
spectroscopy. 

Inclusion criteria was as follows: (1) Hepatitis 
C virus (HCV) RNA> 500 copies/mL; (2) no 
complications, such as gastrointestinal bleeding, 
hepatic encephalopathy and primary liver cancer; (3) 
with Child-Pugh staging of level A or B (evaluated 
based on serum bilirubin, serum albumin, ascites, 
hepatic encephalopathy and thrombin time); (4) 
patients who had twice undergone successful MRS 
with an interval of 6 months; (5) patients who had 
not undergone any antiviral therapy.

Exclusion criteria was as follows: (1) infection 
with hepatitis A, B, D or F, EB virus, cytomegalovirus 
or human immunodeficiency virus and chronic 
hepatitis C; (2) liver disease induced by alcohol or 
drugs, pulmonary heart disease, serious heart attack, 
and liver function damage induced by brain or 
kidney. 

According to this criteria, 54 eligible patients 
were selected. Patients who accepted antiviral 
therapy were classified into treatment group (n=42) 
and control group (n=12). This study was approved 
by the Ethics Committee of Zhengzhou University, 
and signed informed consent was obtained from each 
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288×188, 24 layers, layer thickness of 6 mm, interval 
1 mm, scanning time of 15 s. 

Q-Body coil was used to locate the image 
in axial,  coronal,  and  sagittal  planes. Region of 
interest at the size of 6×5×6cm3 on right liver robe 
was selected. The volume of the region of interest 
was put on the same level of the coil mark, thus the 
optimal signal noise ratio could be acquired and 
meanwhile the influence of fat, blood vessel, air and 
bone around the liver could be excluded (7). 

Before scanning V should be at the highest clarity 
and the top of V should be sharp (Fig. 3). Scanning 
parameters are as follows: TR 5000ms, the shortest 
TE 0.10, NSA 128, spectral resolution 1.46Hz, phase 
period, SAR/local torso<68%, local torso/level<6. 
8W/kg/normal, Blrms 1.55uT, PNS/level 48%/
normal, read time 682. 67ms, acquisition time 11 
min, total acquisition time 40 min. All the patients 
underwent 31P-MRS scanning prior to and 6 months 
after antiviral therapy. 

Data processing
Spectroview software was used for correcting 

baseline and frequency of the data acquired. The 
image acquired lacked phosphocreatine peak since 
the image avoided the pollution from muscle. 
Generally, chemical shift of phosphocreatine 
in  skeletal  muscle is considered as 0 while the 
positions of other chemical shifts were confirmed 
based on phosphocreatine. Another metabolic 
product was needed for reference since there was no 
phosphocreatine in liver. With reference of γ-ATP 
(-2.5ppm), frequency shift was manually corrected. 
Spectral lines of 31P-MRS acquired were PE, PC,Pi, 
GPE, GPC,γ-ATP, α-ATP, β-ATP, from left to right. 
As 3.0T MR classifies metabolic products more 
detailed, PME was presented as two peaks, PE and 
PC, and PDE as GPE and GPC. Peak value and areas 
below peak were calculated by software. 

Statistical analysis
Age and HCV RNA level were in normal 

distribution, expressed by mean and standard 
deviation. Differences of age and HCV RNA 
between the two groups were compared by carrying 
out the t-test on two independent samples. Child-
Pugh grading score was in non-normal distribution, 
expressed by median and  inter-quartile  range 

granulocyte and blood platelet became ≤0.75×109/L 
or <50×109/L, respectively, but if they increased to 
>0.75×109/L and ≥50×109/L, respectively, then the 
dosage was returned to 180 µg/kg. Once neutrophile 
granulocyte reached ≤0.5×109/L or blood platelet 
<30×109/L, the treatment stopped. The treatment 
lasted for forty-eight weeks if the patients could 
tolerate the dosage of PEG-IFNα-2a for 180 µg/kg 
every week; otherwise, the treatment lasted for 72 
weeks with reduced dosage of 90 µg/kg every week. 

Patients were treated with standard dosage of 
ribavirin at first if hemoglobin >100g/ L (genotype 
1: weight > 75 kg, dosage of 1200 µg /d and weight 
≤75kg, dosage of 1000 µg /d; non-genotype 1: weight 
> 75 kg, dosage of 1000 µg /d and weight ≤75kg, 
dosage of 800 µg /d). The dosage was reduced if the 
increased dosage of ribavirin induced hemoglobin 
level to be less than 100g/ L. When hemoglobin level 
reached ≤80g/L, then ribavirin treatment stopped. 
Treatment lasted for forty-eight weeks if the patients 
could tolerate ribavirin. 

Patients were treated with cell growth simulator or 
erythrogenin if hemocyte reduced during treatment. 
All the patients were followed-up for three years. 

 
31P-MRS

Philips Achieva 3.OT MR scanner and P-140 
coil (emitting-receiving loop coil, diameter of 14 
cm) (Fig. 1) were applied. All the patients fasted 6 h 
before scanning and exercised breathing. A position 
was marked 2-2 ins below the right rib (Fig. 2). 

Firstly, regular T1WI and T2WI fat-suppression 
sequence and in-phase and out-phase T1WI were 
scanned. The parameters were as follows: i) breath 
freely T1-TFE-IP: TR13ms, TE2.3ms, ACQ M×P 
matrix 268×149, NSA 1, FOV400mm×300mm 
×156mm, 24 layers, layer thickness of 6 mm, interval 
of 1 mm, pixel of 1.5×2mm, direction of layer: 
transverse direction, reverse direction: forward and 
backward, direction of fat reposition: left, scanning 
time of 20 s; ii) T1WI in-phase and out-phase 
scanning dual-FFE-fast-BH: TR 101ms, TE out-
phase 1.15ms, in-phase 2.3ms, FOV 400×300×167, 
pixel of 1.8×1.89, ACQ M×P matrix 224×158, 24 
layers, layer thickness of 6 mm, interval of 1 mm, 
scanning time of 15 s; iii) hold breath T2W-spair-
sense sequence: TR 1250ms, TE 70ms, NSA 1, FOV 
400×300×167, pixel of 1.4×1.58, ACQ M×P matrix 
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suitable to receive antiviral therapy due to either 
rejection or health status. No statistical significant 
difference was found in gender and HCV RNA 
level between the two groups, nor for end-stage 
liver disease (MELD) score. Child-Pugh score, total 
bilirubin and hepatic encephalopathy situation were 
different between the two groups and gender, serum 
albumin, prothrombin time and ascites were found 
with significant difference between the two groups 
(P<0.01; P<0.002; P<0.018; P<0.001). 

Comparison of ratio of (PC+PE)/(GPC+GPE) of 
the two groups before and after antiviral treatment

In the control group, the ratio of (PC+PE)/ 
(GPC+GPE) before and after treatment was 
(0.86±0.17) and (0.78±0.19), respectively, and 
the difference between them was of no statistical 
significance. In the treatment group, the ratio before 
and after treatment was (1.14±0.24) and (0.59±0.21), 
respectively, and no statistically significant difference 

(IQR). Difference of Child-Pugh grading scores in 
the two groups were performed by non-parameter 
Mann-Whitney test. Other classified variables were 
expressed by mean and percentage. Correlation 
between the variables in the treatment group was 
tested by Fisher’s exact test. 

All the statistical tests were double blind. P< 
0.05 was considered to be statistically significant. 
SPSS19.0 software was used for all the statistical 
analyses. 

RESULTS

Population statistics and basic characteristics of 
patients

As shown in Table I, 54 eligible patients were 
enrolled in the study. Forty-two patients with 
sufficient blood cell count were able to undergo 
antiviral therapy and the remaining 12 patients were 
classified into the control group as they were not 

Table I. Population statistics and basic characteristics of patients.

Treatment group (n=42) Control group (n=12) P value
Age (y) 52.7±10.1 58.3±12.5 <0.001
Gender Female 17 (40.4%) 5(41.7%) 0.451

Male 25(40.0%) 7(58.3%)
HCV RNA level (log copy/mL) 5.30±1.18 5.23±1.15 0.641

MELD score 12.6(9.8,15.2) 12.5(9.4,15.8) 0.637
Child-Pugh score 5.0(4.0,7.0) 5.0 (3.0,7.0) 0.791

 Total bilirubin  (mg/dL)

<2 5(11.9%) 2(16.7%) 0.660
2-3 19(45.2%) 6(50.5%)
>3 18(42.9%) 4(33.3%)

>3.5 4(9.5%) 1(8.3%) 0.002*

 Serum albumin (g/dL)
2.8-3.5 18(42.9%) 7(58.4%)

<2.8 20(47.6%) 4(33.3%)
<1.7 12(28.5%) 3(25.0%) 0.018*

 Prothrombin time
1.7-2.3 23(54.8%) 5(41.7%)

>2.3 7(16.7%) 4(33.3%)
Hepatic encephalopathy None 42(100.0%) 12(100.0%) NA

Ascites
None 40(95.2%) 10(83.3%) <0.001*

Easy to control 2(4.8%) 2(16.7%)

* statistical difference between two groups. Normal distribution of age and HCV RNA level is expressed by mean and 
standard deviation; abnormal distribution of Child-Pugh score is expressed by median and inter-quartile range; other 
types of variables are expressed by quantity and percentage.
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Table II. Ratio of (PC+PE)/(GPC+GPE) of the two groups.

Control group Treatment group P value
Before treatment 0.86±0.17 1.14±0.24 0.108

6 months after treatment 0.78±0.19 0.59±0.21 0.034
P 0.895 0.002

Table III. Ratio of (PC+PE)/(GPC+GPE) of response group and non-response group before and after antiviral treatment.

Group (PE+PC)/
(GPC+GPE)

(PE+PC)/
(GPC+GPE)

(PE+PC)/
(GPC+GPE)

Decrease No change increase
Response group (n=32) 25 (78%) 4(13%) 3(9%)

Non-response group (n=12) 1 (8%) 2(17%) 9(75%)
p <0.05 <0.05 <0.05

Fig. 1. Phosphorus spectrum coil.

Fig. 2. Location map for phosphorus spectrum of liver.
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25 had decreased ratio of (PC+PE)/(GPC+GPE) 
(78%) after antiviral treatment, 4 patients showed no 
change and 3 patients had a slightly increased ratio. 
Of 12 patients with no response, 1 had a decreased 
ratio (8%), 2 showed no change and 9 had a slightly 
higher ratio (P<0.05). Less than 0.03 higher or lower 
was defined as no change of (PC+PE)/(GPC+GPE) 
ratio, more than 0.03 higher was defined as increase, 

was found, however, the difference had statistical 
significance after 6 months of treatment (Table II). 

Changes of ratio of (PC+PE)/(GPC+GPE) of 
response group and non-response group before and 
after antiviral treatment 

A total of 32 patients exhibited sustained 
virological response to antiviral treatment, of whom 

Fig. 4. Analysis of changes of (PC+PE)/(GPC+GPE) ratio of response group and non-response group before and after 
antiviral treatment. 

Fig. 3. Manual tuning window.

JS. GU ET AL.
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evaluating the damage of liver cells. 31P-MRS is a 
potential and non-invasive method for monitoring 
hepatitis as it can directly reflect metabolism of 
liver cells. Some studies have demonstrated that 
chronic liver disease becomes more severe as 
ratio of phosphomonoester and phosphate diester 
increases, and increase of this ratio is more sensitive 
in liver cirrhosis (12). As MRS develops, we can use 
the ratio of phosphomonoester and phosphate diester 
to evaluate the severity of liver disease related to 
HCV. 

In this study, before treatment, difference of the 
ratio of (PC+PE)/(GPC+GPE) between the control 
group and the treatment group was not statistically 
significant, but 6 months after treatment, there was 
a statistically significant difference in the treatment 
group. Ratio of (PC+PE)/(GPC+GPE) distinctly 
decreased in the sustained virological response 
group but remained unchanged or increased in the 
non-response group. Phosphomonoester is correlated 
to anabolism of membrane and phosphate diester is 
correlated to catabolism. Repairing of injured cells 
in liver cirrhosis presents as increased anabolism, 
decreased  catabolism and rising (PC+PE)/
(GPC+GPE) ratio. But this study demonstrated that 
the ratio decreased after effective antiviral therapy; 
patients in the response group also had increased 
ratio. Moreover, it was also found that, the ratio of 
(PC+PE)/(GPC+GPE) was in a good correlation 
with liver fibrosis degree and liver cirrhosis grading. 

In general, 31P-MRS can be taken as a non-
invasive method for evaluating the reaction of liver 
to antiviral therapy and efficacy of antiviral. The 
ratio of phosphomonoester and phosphate diester 
does not have 100% sensitivity or specificity. In this 
research, as to patients with no sustained response, 
some patients had decreased ratio of (PC+PE)/
(GPC+GPE). Similarly, some patients among 
those with sustained virological response also had 
increased ratio of (PC+PE)/(GPC+GPE). This ratio 
was obtained before treatment and 6 months after 
treatment. But most patients should continue to be 
treated for more than one year. Therefore, repeated 
detection of the ratio of (PC+PE)/(GPC+GPE) may 
bring higher sensitivity and specificity. On the other 
hand, it can provide biochemical information of 
the liver metabolism process which can show the 
progression of liver fibrosis (13). 

and more than 0.03 lower was defined as decrease 
(Table III). 

Through further analyzing the changes of 
(PC+PE)/(GPC+GPE) ratio in the two groups before 
and after treatment, it was found that the ratio of the 
response group distinctly decreased after treatment 
and the difference had statistical significance; 
however, the ratio of the non-response group 
remained unchanged (Fig. 4). 

DISCUSSION

MRS is a non-invasive method for effectively 
evaluating the metabolic process of viable tissues. 
Chemical changes occur in compound or metabolic 
products from tissues under certain environments 
since they possess protons. These slight changes are 
transformed into numerical value spectrum standing 
for the concentration of relevant metabolic product in 
tissue or humor after being collected by an MR scanner 
(8). 31P-MRS is widely applied in studies on liver 
because compounds containing 31P in liver involved 
in energy  metabolism of cells and phospholipid 
metabolism correlate with biological membrane (9). 
31P-MRS is featured by high sensitivity. Notably, it 
can effectively detect the change of metabolite in 
liver tissue of patients with chronic hepatitis C who 
are clinically treated by antiviral therapy. 

Several different resonance  peaks can be 
detected while patients are examined by 31P-MRS, 
including phosphocreatine, triphosadenine, 
phosphomonoester, phosphate diester, inorganic 
phosphate. Phosphomonoester contains message of 
phosphorylated sugar produced through glycolysis, 
as well as message of membrane precursor such as 
phosphorylethanolamine and phosphorylcholine, 
correlating with anabolism of membrane. Phosphate 
diester contains endoplasmic reticulum and 
degradation product of membrane such as message 
of phosphatidyl ethanolamine, phosphatidyl cholines 
and phosphodiester, correlating to catabolism of 
membrane (10). Many studies indicate that increased 
phosphomonoester and decreased phosphate diester 
are in a definite correlation with liver  cirrhosis 
(11). Repairing of injured liver cells in hepatitis  C 
and liver cirrhosis presents as increased anabolism, 
decreased catabolism and rising (PC+PE)/
(GPC+GPE), which can be used for quantitatively 
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This study demonstrates that 31P-MRS can 
quantitatively detect the ratio of phosphomonoester 
and phosphate diester before and after antiviral 
therapy of patients with liver cirrhosis, therefore can 
be used for evaluating efficacy of treatment of this  
disease caused by chronic hepatitis C and hepatitis C. 
31P-MRS is a new invasive technology for evaluating 
liver metabolism process and an effective method for 
evaluating efficacy of antiviral therapy. 
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This study assesses the high risk factors of residue or relapse after conization of cervical intraepithelial 
neoplasia. Literature on high risk factors of residue or relapse after conization of cervical intraepithelial 
neoplasia from January 2006 to June 2011 were selected from the Pubmed Database, Elsevier Database, 
Chinese Biomedicine Database and Chinese Journal Full-text Database of China National Knowledge 
Internet (CNKI). Software RevMan 4. 2 provided by Cochrane collaboration network was used in the 
statistical analysis of the data. According to the inclusion criteria, 10 essays were retrieved, including 
348 cases in case groups and 1,608 cases in control groups. Information about residue or relapse after 
conization, incisal edge, HIV infection after six months of surgery, age, menopause status was obtained 
through the above method. Meta-analysis showed that positive surgical margin groups had a higher 
residual or recurrence rate than negative surgical margin groups after conization; groups where glands 
were involved had a higher residual or recurrence rate than non-involved glands groups after conization; 
positive HR-HPV infection after six months of conization groups had higher residual or recurrence rates 
than negative HR-HPV infection groups; 50 years or older groups had higher residual or recurrence 
rate than under 50 year-old groups after conization; postmenopausal groups had higher residual or 
recurrence rate than premenopausal groups. Menopause, 50 years old or older, gland involvement, 
positive surgical margin and HR-HPV infection after six months are high risk factors of residue or 
relapse after α - β conization of CIN.
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LETTER TO THE EDITOR

A series of pathological changes of tissues in the 
early stage of invasive carcinoma of the cervix is 
called CIN, which can reflect the disease progression 
of cervical cancer (1). Recently, the number of new 
cases of cervical intraepithelial neoplasia (CIN ) has 
been increasing and the patients tend to be younger 
and younger, which is seriously threatening the 
health of women (2). 

The commonly used surgical approaches are 
loop electrosurgical excision procedure (LEEP) 
and cold knife conization (CKC). Scholars have 
analyzed a series of relevant risk factors of lesion 
residual or relapse cases found in postoperative 
follow-up, which is important for clinical evaluation 
and management (3). However, a number of studies 
show that CIN has a higher recurrence rate after 
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with the criteria.

Statistical analysis
Software RevMan 4.2 provided by Cochrane 

collaboration network was adopted for statistics. 
Continuous variable was represented by weighted mean 
difference (WMD) and 95% confidence interval (CI) while 
binary variable was represented by OR value and 95% 
CI. Firstly, statistical heterogeneity included in the study 
was analyzed, then fixed model and random model were 
adopted respectively. If there was significant heterogeneity 
in the result, revised Dersimonian-Laird was adopted to 
detect it, and if there was no remarkable heterogeneity in 
the result, Peto Mantell Iaenszel, the fixed effect model, 
was applied to combine data and calculate the gross OR 
value. As for researches that were low in quality, high in 
weight or had apparently different outcomes, sensitivity 
analysis was required before deciding whether or not to 
include them.

RESULTS

Fifty-five relevant articles were retrieved, among 
which 10 (7-17) conformed to the inclusion criteria 
(Table I). There were 348 cases in case groups and 
1,608 cases in control groups. Other literature was 
excluded because the research purposes did not 
coincide with this study or they did not meet the 
inclusion criteria. The main findings of the research 
are shown in Table II.

Incisal margin status
Nine studies (7-9, 11-16) reported relevant results 

regarding incisal margin status and the residue or 
relapse rate after conization. Heterogeneity test 
was p=0.29, which indicated that there was no 
heterogeneity among studies, so a fixed effect model 
was adopted to combine and analyze the data (Fig. 
1). The OR value of combinative effect was 4.30 
[95%CI(3. 28~5. 63)], p<0.00001, the difference of 
which was statistically significant and showed that 
the positive incisal edge groups had a higher rate of 
residue or relapse after conization than the negative 
incisal edge groups.

Gland involvement
Six studies (7, 9, 11, 12, 15, 16) reported relevant 

results regarding cervical glandular and the rate of 
residue or relapse after conization. Heterogeneity 
test was p=0.03, which suggested that there was 

surgery, which influences the prognosis of patients 
(4). To further improve the prognosis quality of CIN 
patients and the treatment effect, Zhou Ping, et al. 
pointed out that in order to diagnose lesion residue 
or recurrence of CIN in the early stage, postoperative 
follow-up is highly significant (5). Deng Yuanzheng, 
held the view that the positive pathological detection 
of surgical margin excision, persistent infection of 
high-risk HPV and menopause were high risk factors 
of relapse after CIN surgery, which could be taken 
as a foundation strengthen postoperative follow-up 
to patients, so as to achieve an early detection and 
treatment of recurrent patients and further optimize 
the prognosis of patients (6).

This study explores the quantitative relation 
between incisal edge, involved glands, HPV 
infection six months after surgery, age, menopause, 
HIV infection and postoperative lesion residue or 
relapse.

MATERIALS AND METHODS

Source of data
Inclusion criteria:
 (1) primary literature published home and abroad 

with studies of independent cases on high risk factors of 
residue or relapse after CIN conization;  

(2) patients in control groups and case groups from the 
same area and comparable in age; 

(3) the data integral with comprehensive statistical 
index odds ratio (OR) or 95% confidential intervals or 
calculable with sufficient information;

(4) clear, identical or similar definitions given to 
incisal edge, involved glands, HPV infection six months 
after surgery, age, menopause and HIV infection; 

(5) at least a two-year follow-up after conization.
Exclusion criteria: (1) review literature; (2) literature 

without control group; (3) repeated reporting with same 
author and similar content; (4) incomplete original data. 

Document retrieval and data collection
A database was formed from Pubmed (1/2006 to 

6/2011), Elsevier (1/2006 to 6/2011), Chinese Biomedicine 
(1/2006 to 6/2011), Chinese Journal Full-text of China 
National Knowledge Internet (CNKI) (1/2006 to 6/2011) 
and some other references. Key search words were CIN, 
cervical conization, persistence, recurrence, risk factors. 
Information, such as persistence or recurrence after 
cervical conization, incisal edge, involved glands, HPV 
infection six months after surgery, age, menopause, HIV 
infection, was extracted from the literature in accordance 
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regarding HPV infection six months after surgery 
and the rate of residue or relapse after conization. 
Heterogeneity test was p=0.17, which indicated that 
there was no heterogeneity among studies, so fixed 
effect model was adopted to combine and analyze 
the data (Fig. 3). The OR value of combinative effect 
was 43. 67 (95% CI 21. 19~90. 02), P < 0. 00001, 
whose difference was statistically significant and 
showed that the positive HPV infection six months 
after surgery groups had an obviously higher rate of 
residue or relapse after conization than the negative 

heterogeneity among studies, so the random effect 
model, Dersi-monian-Laird, was used for data 
combination, and statistical results are shown in 
Fig. 2. The OR value of combinative effect was 4.51 
(95%CI 3. 01~6.74), P<0.00001, which showed that 
the rate of residue or relapse after conization of the 
involved glands groups was 4.51-fold higher than 
non-involved gland groups.

HPV infection six months after surgery
Three studies (8, 13, 14) reported relevant results 

Table I. Research projects and relevant content of the selected literature.

No. Publication 
time

Case Group 
(case)

Control group 
(case) Follow-up Research 

project Investigation project 

1 2006 64 385 449  Taiwan, 
China  Incisal edge,involved glands, age

2 2006 36 167 203 Barcelona, 
Spain

 Incisal edge, age, HPV infection  after six 
months of surgery

3 2007 41 36 77  Seoul, Korea  Incisal edge, involved glands, age, menopause

4 2007 44 41 85  Chiang Mai, 
Thailand     Age, menopause  

5 2008 10 226 236  Seoul, Korea  Incisal edge, involved glands, age, menopause
6 2009 40 161 201 Brazil  Incisal edge,involved glands, HIV infection

7 2009 16 227 243  Seoul, Korea  Incisal edge,HPV infection after six months of 
surgery

8 2010 43 309 352 France  Incisal edge,HPV infection after six months of 
surgery

9 2010 21 152 173 Hunan,China  Incisal edge,involved glands, menopause
10 2011 33 105 138 Brazil Incisal edge, involved glands, HIV infection

Table II. Analysis of high risk factors of persistence or recurrence after conization of CIN[OR(95% CI)].

No. Incisal edge Involved glands HPV infection six 
months after surgery Age Menopause HIV infection

1 9.33 (5.10~17.06 ) 4.37 (2.03~9.43) 5.79 (3.31~10.14)

2 3.49 (1.66~7.34) 153.5 (20.25~1164.09) 1.91 (0.83~4.40)
3 3.89 (1.37~11.06) 1.73 (0.69~4.33) 2.74 (1.01~7.44) 2.65 (0.94~7.48)
4 1.76 (0.73~4.23) 1.47 (0.61~3.53)
5 3.45 (0.84~14.18) 1.92 (0.48~7.61) 3.30 (0.80~13.54) 0.81 (1.24~37.39)
6 3.53 (1.65~7.54) 11.58 (4.37~32.13) 5.36(2.39~12.01)
7 2.03 (0.62~6.69) 18.28(5.55~60.20)
8 3.48 (1.77~6.82) 43.67(21.19~90.02)
9 4.41 (1.7~11.45) 6.09 (2.33~15.97) 3.61(1.42~9.20)
10 2.94 (1.25~6.93) 11.43 (3.64~35.89) 4.17(1.72~10.10)
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was p=0.68. which indicated that there was no 
heterogeneity among studies, so a fixed effect model 
was used to combine and analyze the data (Fig. 4). 
The OR value of combinative effect was 4.79 (95% 
CI 2. 64~8. 68 ), P < 0.00001, whose difference was 
statistically significant and showed that the positive 

HPV groups.

HIV infection 
Two studies (12, 16) reported relevant results 

regarding HIV infection and the rate of residue 
or relapse after conization. Heterogeneity test 

Fig. 1. Relationship between incisal margin status and the residue or relapse rate after conization.

Fig. 2. Relationship between involved glands and the rate of residue or relapse after conization.

J. JIN ET AL.
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was used to combine and analyze the data (Fig. 
5). The OR value of combinative effect was 2.46 
(95%CI 1. 45~4. 15), P = 0.0008, whose difference 
was statistically significant, indicating that the 
menopause groups had a higher rate of residue or 
relapse after conization than the premenopause 
group.

Age 
Five studies (7-11) reported relevant results 

HIV infection group had a higher rate of residue 
or relapse after conization than the negative HIV 
infection group.

Menopausal status
Four studies (9-11, 15) reported relevant results 

regarding the menopausal status and the rate of 
residue or relapse after conization. Heterogeneity 
test was p=0.34, which indicated that there was no 
heterogeneity among studies, so a fixed effect model 

Fig. 3. Relationship between HPV infection after six months of surgery and the rate of residue or relapse after conization

Fig. 4. Relationship between HIV infection and the rate of residue or relapse after conization.
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combinative effect was 3.25 (95% CI 2. 26~4.68), 
P <0.00001, whose difference was statistically 
significant, indicating that 50 year or older groups 
had a higher rate of residue or relapse after conization 
than under 50 years old groups.

regarding age and the rate of residue or relapse after 
conization. Heterogeneity test was p=0.11, which 
indicated that there was no heterogeneity among 
studies, so a fixed effect model was used to combine 
and analyze the data (Fig. 6). The OR value of 

Fig. 6. Relationship between age and the rate of residue or relapse after surgery.

Fig. 5. Relationship between menopause and the rate of residue or relapse after conization.

J. JIN ET AL.
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DISCUSSION

CIN is a precancerous lesion that is closely 
related to invasive carcinoma of the cervix. CIN II/
III patients after vaginoscopy tend to receive cervical 
conization treatment. The CIN II/III lesion residue 
or recurrence after surgery is the combined result of 
multiple factors as well as correlation among internal 
factors. Therefore, in the postoperative follow-up, 
the risk of individual disease progression can be 
predicted by synthesizing multiple high risk factors.

The ten studies included in this thesis had all 
conformed to the rigorous scientific requirements in 
design, object selection, sample size, time for follow-
up, and reliable results. There was a meta-analysis 
on the high risk factors of residue or relapse after 
conization, and the results showed that positive 
incisal edge, involved glands, HPV infection six 
months after surgery, HIV infection, menopause and 
being over 50 years old are high risk factors of the 
residue or relapse after surgery.

The relationship between factors of positive incisal 
edge, involved glands, HPV infection six months 
after surgery, HIV infection, menopause, being over 
50 years old and the CIN II /III lesion residue and 
recurrence after surgery was studied, and it was found 
that the OR value greatly differed between studies. 
General research methods do not easily achieve 
better results while a meta-analysis can evaluate the 
potential bias and sources of heterogeneity in studies 
and make a quantitative comprehensive assessment 
of results. Moreover, evaluation of the effect size 
(OR value) was improved and a comprehensive 
conclusion was reached.

Bias may occur while consulting the literature, 
such as sampling bias including searching bias, 
publication bias, etc. Owing to different inclusion 
criteria, there may be a selection bias in meta-
analyses on the same subject, which may result in 
different conclusions.

Although there were confounding factors as bias, 
the conclusion reached by this meta-analysis still 
offers an overview of high risks of residue or relapse 
after conization in the past five years. It distinguishes 
groups with a high risk rate of residue or relapse in the 
postoperative follow-up suggests pertinent precaution 
and therapeutic measures. Sarian, et al. (17) found 
that in CIN II/III patients with lesion residue after 

treatment of LEEP, their specificity of cervical cell 
cytology six months after surgery can reach 81%, 
while the positive predictive value was only 32%. 
When detected by joint HR-HPV and cytology, the 
specificity reaches 96%, while its positive predictive 
value can reach 70% and negative predictive value 
100%, which is significantly higher than single 
detecting. Hence, the cervical cytology test together 
with the HR-HPV test has a higher specificity and 
sensitivity, which would be an effective supervision 
method of the residue and relapse after conization of 
CIN II /III patients. The therapeutic HPV vaccine is 
still been in phase II of clinical trials, once it is used 
in clinic, it could prevent the recurrence of CIN II/III 
and cure the relapse of lesions, and could become the 
choice of high risk CIN II/III patients.

Owing to limited inclusive cases and bias within 
the study, the reliability of conclusions needs to 
be improved by more reasonable randomized 
controlled trials with strict design, multicenter and 
large samples.
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Breast cancer tends to have an increasing mortality, severely threatening the health of females. The 
invasion and metastasis of breast cancer are the leading causes of death. It has been reported that breast 
cancer is caused by the activation of a series of proto-oncogenes and inactivation of anti-oncogenes. In 
the present study, Real-time PCR and Western blot were used to detect the protein expression level of 
metadherin before and after transfecting MDA-MB-231 cells to identify the effect, while the sensitivity of 
MDA-MB-231 cells to 1 mg/L doxorubicin and 8mg/L taxol was measured by methylthiazolyldiphenyl-
tetrazolium bromide (MTT). The results demonstrated that mRNA and protein expression level of 
metadherin both improved after transfection. The inhibition effect of 1 mg/L doxorubicin and 8 mg/L 
taxol on breast cancer cells decreased after transfection. Detected by flow cytometry, the apoptosis rate of 
breast cancer cells was 39.68±0.42%, 20.64±0.55%, respectively, under the effect of 1 mg/L doxorubicin; 
while under the effect of 8 mg/L taxol, the rate was 24.89±0.41% and 13.8±0.63%, respectively. Thus 
the inhibition effects of 1 mg/L doxorubicin and 8mg/L taxol to breast cancer cells and their effects 
on apoptosis were different, and the differences were statistically significant (P<0.05). Based on the 
statistics on the expression level of metadherin after transfecting breast cancer cells MDA-MB-231 and 
the exploration of the sensitivity of the cells to treatment, the effect of metadherin on breast cancer 
MDA-MB-232 cells was proved. 
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LETTER TO THE EDITOR

Breast cancer is one of the most frequent malignant 
carcinoma for females, with an annual increase of 
1.3 million females, according to the statistics at 
the end of the 20th century (1-4). Breast cancer is 
a systemic malignant disease, and the invasion and 
metastasis of tumor cells are the leading cause of 
death. According to related studies, metadherin, 
a proto-oncogene, has no or low expression in 
normal tissues but high expression in endocrine 

tissues such as cardiac muscle, thyroid, skeletal 
muscle and adrenal glands. A delayed response gene 
infected by HIV-1 or treated by recombination HIV-
1 capsid protein (gp120) was first reported in 2002 
(5), following the successful clone of full-length 
cDNA by the joint effort of four separate study 
groups (6, 7). In 2004, scientists found the lung 
homing domain which can regulate lung metastasis 
of mouse mammary cell 4T1 by means of phage 
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monoclonal antibody against human metadherin 
(Invitrogen, USA); methyl thiazolyl tetrazolium (MTT) 
(Sigma Inc., USA); RPMI1640 and FCS without 
mycoplasma (Shijiazhuang Bosheng Chemical Reagent 
Co. Ltd., China); Doxorubicin (Zhejiang Hisun Chemical 
Co. Ltd., China); isopropanol, Trichloromethane, 
Pancreatin, Phosphate Buffered Saline (PBS), Dimethyl 
sulfoxide (DMSO) and 75% Ethanol (the Fourth Hospital 
of Hebei Medical University, China); OPTI medium and 
Lipofectamine 2000 transfection reagent (Invitrogen Inc., 
USA).

Cell culture
Cells were placed in 5 mL RPMI 1640 containing 

10% PCS in a sterile culture flask which was placed in 
an incubator containing 5% CO2 at 37°C and the culture 
liquid was changed every one or two days; cells in a good 
state were selected and subcultured when 90% of the flask 
bottom was covered; after removing the supernatant, the 
cells were rinsed with 2 mL PBS and then added with 
0.75% pancreatin to immerge all cells; as observed by 
microscope, the digestion was completed when cells 
became round and the gap increased; 3 or 4 mL RPMI 
1640 culture liquid was placed in the incubator containing 
5% CO2 at 37°C and then subculture was performed every 
2-3 days.

Plasmid amplification, extraction and transfection
Kanamycin was added to lysogeny broth (LB) medium 

(500 mL/flask), and the concentration of the liquid was 
adjusted to 25 µg/ml. A quantity of 50 µl DH5ɑ Escherichia 
coli was added with 4 µl (0.5 µg/ µl) metadherin plasmid 
and 500 µl LB medium without antibiotics. The cells 
were shaken at 200 rpm at 37°C for 1-1.5 h. All the above 
liquid was added to 500 ml LB fluid nutrient medium 
containing antibiotics. The liquid was then shaken at 200 
rpm at 37°C for 12-16 h, and afterwards centrifuged at 
8000 rpm at 4°C to extract plasmid. A quantity of about 
0.2-0.6 million cells (cell amount was determined by the 
size and growth speed of cells) was cultured in a 6-well 
plate for 24 h. Plasmid transfection was performed once 
the cells covered 70-80%. The cells were then incubated 
for 5-6 hour culture. After nutrient solution containing 
Lipofectamine 2000-DNA was removed, every well was 
added with 2 ml fresh nutrient for continuous culture. 
Forty-eight hours later, transfection was detected. 

Detection of metadherin expression in breast cancer cells 
before and after transfection by real-time PCR

Breast cancer cells with a good growth were selected. 
After the medium was removed, the cells were rinsed twice 
by PBS. Then 1 ml Trizol reagent was added to the culture 
flask to extract RNA from cells. OD260/280 of RNA 

display screening and named it Metadherin. Kang, 
along with other colleagues, was the first to clone the 
full-length sequence of metadherin and analyze its 
structure. Metadherin is composed of 86082 bases, 
including 12 exons and 11 introns, while cDNA is 
made up of 3611 bases (not including poly-A) which 
code a single transmembrane protein with molecular 
weight of 64KD. Metadherin plays a prominent 
part in regulating progress of tumor including 
cancerization, apoptosis, invasion and metastasis, 
drug resistance and angiogenesis, thus it is regarded 
as a potential tumor therapeutic target. Furthermore, 
metadherin expresses highly in multiple tumor cells 
such as liver cancer, non-small cell lung cancer, 
melanoma, malignant neuroglioma, neuroblastoma, 
esophageal carcinoma, breast cancer, carcinoma of 
prostate and carcinoma of gallbladder (8, 9). Liu et 
al. (10) found that metadherin highly expressed in 
cells and tissues of glioma could improve its own 
expression by acting on the matrix metalloprotein-9 
(MMP-9) promotor and further enhance the ability 
of invasion of glioma cells. Wang et al. (11) found 
that metadherin plays an important role in the 
development of tumor, including promoting the 
proliferation, invasion and metastasis, avoiding 
the apoptosis and producing resistance against 
chemotherapy treatment. In addition, they also 
found that metadherin could promote the incidence 
and progress of tumor by activating the signal 
pathway of NF-KB, PI3K/AKT, MAPK and wnt/ 
β-catenin. This study made a comparison between 
the protein expression of metadherin before and after 
transfecting breast cancer cells MDA-MB-231, then 
discussed the relationship between them and finally 
further explored the sensitiveness of breast cancer 
cells MDA-MB-231 to treatment before and after 
transfection

MATERIALS AND METHODS

Human Breast cancer MDA-MB-231 cells were all 
bought from the cell bank of the Institute of Biochemistry 
and Cell Biology, Chinese Academy of Sciences (CAS), 
China. All cells were placed in 5 mL RPMI 1640 medium 
of containing 10% fetal calf serum (FCS) at 37°C with 
5% CO2.

Main reagents: TransStart Top Green qPCR Supermix 
(Transgen BIotech, China); Reverse transcription kits 
(ThermoFisher Scientific Company, China); metadherin 
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MB-231 cells in logarithmic phase were selected and 
digested with 0.25% pancreatic enzymes. After counting, 
RPMI-1640 nutrient solution containing 10% fetal bovine 
serum was added for cell suspension with a concentration 
of 2.5×10/ml. Then the cell suspension was transferred 
into a six-well plate, 2 ml each well, and cultured at 37°C 
with 5% CO2 for 18-24 h. When cells grew 80- 90% and 
were evenly distributed, they were added with different 
treatment factors for reaction. Cells were collected finally 
as the reaction finished and then placed on the device for 
detecting cell apoptosis rate. 

Statistical analysis
Statistical analysis was performed by SPSS 18.0 

software and all data was expressed as mean ± standard 
deviation. For data in the two groups before and after 
transfection, the average was compared by t-test. A p 
value of less than 0.05 was considered to be statistically 
significant. 

RESULTS

Detection of protein expression of metadherin in 
breast cancer MDA-MB-231 cells before and after 
transfection

Through detecting the protein expression of 
0.8 μg metadherin gene with real-time PCR and 
Western blot before and after 48-hour transfection, 
it was found that the expression of mRNA of 
metadherin was 1.00±0.00 before the transfection 
and 3.25±0.02 after 48-hour transfection while the 
expression of protein in metadherin was 0.46±0.05 
before transfection and 1.24±0.07 after transfection. 
Statistical analysis showed that there was a significant 
difference between the gene and protein expression 
of breast cancer before and after transfection, and the 
difference between the two groups was considered to 
be statistically significant (p<0.05) (Fig. 1).

Detection of chemosensitivity of breast cancer MDA-
MB-231 cells to doxorubicin

 By MTT, the inhibition ratio of breast cancer 
cell under the effect of 1mg/L doxorubicin was 
60.69±0.02% before transfection and 41.92±0.03% 
after 24-hour transfection. Detected by flow 
cytometry, the apoptosis rate of breast cancer 
cell under the effect of 1mg/L doxorubicin was 
39.68±0.42% before transfection and 20.46±0.55% 
after 24-hour transfection. Statistical analysis 
showed that there was a statistically significant 

detected was between 1.8-2.0 and RNA concentration was 
between 980-1100 ng/µg. Then 5 µg RNA was taken for 
reverse transcription. Real Time amplification of breast 
cancer MDA-MB-231 cells was detected by SYBGGreenI 
kit according to the manufacturer’s instructions.

Detection of protein expression of metadherin before and 
after transfection by Western blot

When the cells covered 70-80%, a nutrient solution 
without fetal calf serum was used and an equal quantity of 
plasmid mixing liquid was added. After 4-6 h culture, the 
nutrient solution was removed. The cells were collected 
after culture with nutrient solution containing 10% fetal 
calf serum for 48 h. Non-transfection cells were taken as 
controls. A quantity of 20 µl protein standard substance 
(25mg/ml) was taken and diluted with 0.9% NACl. Then 
the standard substance was added to a 96-well plate 
in quantities of 0, 1, 2, 4, 8, 12, 16, 20 µl, and standard 
dilution buffer was added until the quantity reached 20 
µl. The plate was added with 200 µl BCA working fluid 
and left at 37°C for 20-30 min. A562 was detected at a 
wavelength between 540-595 nm. Protein concentration 
of the sample was calculated based on standard curve. 
After SDS-PAGE electrophoresis and transmembrane, 
immune color developing was carried out. Gel image 
analysis system was used to scan bands to obtain gray 
value, and the results were analyzed by semi-quantitative 
method. Relative expression quantity of target gene was 
expressed by the ratio of gray value of target gene and 
gray value of β-actin. 

Detection of sensitivity of breast cancer cells to 
chemotherapy treatment before and after transfection by 
MTT assay

Cells were taken in logarithmic phase; medium 
was added according to the condition of cells and then 
the number of cells was measured by cell counter; the 
cellular suspension concentration was adjusted to 1000-
10000/well; 32 wells of a 96-well plate were filled with 
sterile PBS so that cells could be evenly distributed 
in the incubator at constant 37°C with 5% CO2 till the 
bottom of the wells were spread with a monolayer of 
cells; then 1 mg/L Doxorubicin and 8 mg/L Taxol were 
added respectively until every well reached 100 μl. 
Another nine wells were set as controls. The control 
wells were added with medium of the same amount 
without chemotherapeutic drugs. Culture was continued 
for another 4 h after adding 10 μl MTT solution (0.5%) 
into every well. 100 μl DMSO was added and the solution 
was shaken on a table concentrator at low speed for 10 
min. Light absorption value of every well was measured 
by enzyme-linked immunometric meter at OD 490 nm 
and the inhibition rate was also calculated. Next, MDA-
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difference between the inhibition and apoptosis ratio 
of breast cancer cells under the effect of doxorubicin 
before and after transfection (p<0.05) (Table I).

Detection of chemosensitivity of breast cancer MDA-
MB-231 cells to taxol

Through MTT, the inhibition ratio of breast cancer 
cell under the effect of 8mg/L taxol was 57.68±0.3% 
before transfection and 40.89±0.02% after 24-hour 
transfection, while the apoptosis rate of breast 
cancer cell was 24.89±0.41% before transfection 
and 13.88±0.63% after 24-hour transfection, which 
showed that there was a statistically significant 
difference between the inhibition and apoptosis ratio 
of breast cancer cells under the effect of taxol before 
and after transfection (p<0.05) (Table II).

DISCUSSION

Breast cancer occurring among females has had 
an increasing incidence in recent years. It is one of 
the most frequent diseases threatening the health of 

Table I. Inhibition and apoptosis ratio of doxorubicin for breast cancer cells before and after transfection.

Doxorubicin Inhibition Ratio Apoptosis Ratio

Before transfection 60.69±0.02% 39.68±0.42%

After transfection 41.92±0.03% 20.64±0.55%

Table II. Inhibition and apoptosis ratio of taxol for breast cancer cells before and after transfection.

Taxol Inhibition Ratio Apoptosis Ratio

Before transfection 57.68±0.38% 27.89±0.41%

After transfection 40.89±0.02% 13.88±0.63%

Fig. 1. mRNA and protein expression of metadherin before 
and after transfection.

H. ZHAO ET AL.
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technology support for further studies on metadherin. 
Furthermore, it was confirmed that pCMV6-ENTRY-
mediated metadherin could successfully transfect 
the MDA-MB-231 cells and obtain target proteins. 

To date, the specific chemosensitive gene of 
solid tumor has still not been discovered. However, 
a number of genes relating to the proliferation 
and apoptosis of tumor is in correlation with the 
sensitivity of tumor cells to chemotherapy treatment. 
At the same time, several chemotherapy treatments 
are able to induce the apoptosis to some extent. The 
sensitivity of tumor cell apoptosis appears to be an 
important factor affecting the chemotherapy result 
(13). In this study the apoptosis ratio was detected 
by flow cytometry of the breast cancer MDA-
MB-231 cells under the effect of 1mg/L doxorubicin 
and 8mg/L taxol 24 h before and after transfection, 
and statistical analysis showed that this ratio had a 
statistically significant difference (p<0.05).

Metadherin is considered as an efficient target 
gene with high potential as a new treatment for 
breast cancer. This study improved the expression 
of mRNA and proteins in breast cancer cell by 
MDA-MB-231 transient transfected by metadherin. 
Comparing the sensitivity of MDA-MB-231 to 
adriamycin and taxol before and after transfection, 
we found that the high expression of MDTH may 
be linked with drug resistance of breast cancer cell 
to adriamycin and taxol. The higher the expression 
of metadherin, the lower the inhibition rate and 
apoptosis rate of adriamycin and taxol to MDA-
MB-231. However, the specific mechanism of the 
influence of metadherin on the chemosensitivity of 
tumor cell remains to be studied further. The research 
carried out in this study may be of help for future 
targeted therapy or chemotherapy of breast cancer 
genes.
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This study aimed to analyze the clinical efficacy of different resections in treating non-muscle-
invasive bladder cancer (NMIBC), including partial cystectomy, transurethral resection of bladder 
tumor (TURBT) and holmium laser resection of bladder tumor. Two hundred and sixteen  patients were 
recruited with NMIBC who were available for follow-up visits in hospital, including 62 cases treated 
with partial cystectomy, 90 cases treated with TURBT and 64 cases with holmium laser resection. 
Analysis was made on the cases with tumor relapse in the two years, on operation time, blood loss, 
time for indwelling urinary catheter, hospital stay and complications after operation. Results were 
compared to the clinical efficacy of these operation patterns. It was found that the two-year relapse rate 
for TURBT group, partial cystectomy group and Holmium laser resection group was 41%, 31%, and 
33% respectively, and the difference had no statistical significance (p>0.05). Both the TURBT group 
and holmium laser resection group had shorter operation time, hospital stay and time for indwelling 
urinary catheter as well as much less blood loss when compared with the partial cystectomy group; the 
difference had statistical significance (p<0.001). In terms of complications, the TURBT group was likely 
to induce obturator nerve reflex and bladder perforation while the partial cystectomy group was likely 
to induce bladder spasm. Therefore, this study presumes that holmium laser resection and TURBT are 
much safer and quicker for recovery and obviously superior to the partial cystectomy. 

Key words: Non-muscle-invasive bladder cancer, operation pattern, clinical efficacy
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LETTER TO THE EDITOR

With the changes in diet, lifestyle and the public 
working environment, there is a higher incidence of 
bladder cancer and patients tend to be much younger. 
However,  bladder cancer is likely to suffer relapse, 
and leaves serious physical and mental pressure on 
the patients and their families (1). Based on tumor 
pathological grading, a proper operation pattern can 
effectively promote the recovery for patients, and 
reduce the relapse of tumor.

W. Ping, et al. made a comparison between 
clinical data from 52 patients with muscle-invasive 

bladder cancer treated with the combination of 
partial cystectomy with chemotherapy and the 
total survival rate of 47 patients treated with 
radical bladder resection simultaneously. It made a 
statistical analysis of the related influencing factors 
and their application value. This study showed that 
partial cystectomy combined with chemotherapy 
could serve as an effective operation pattern for 
treating invasive bladder cancer for patients with 
high selectivity (2). Bladder cancer ranks the second 
common malignant tumor in the uro-genital system. 
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Thirty-six patients had tumor at the sidewall, 4 at the 
anterior wall, 44 at the posterior wall and 6 at the triangle. 
In the holmium laser resection group, there were 48 males 
and 16 females ranging in age from 18 to 81 years (mean 
61years). Thirty patients had tumor at the sidewall, 10 
at the anterior wall, 10 at the top part, 2 at the triangle, 
and 12 at the posterior wall. The study was carried out at 
the General Hospital of the Chinese People’s Liberation 
Army, and all the patients signed the informed consent. 
All patients received the cystoscopic biopsy before 
the operation. Based on the WHO bladder pathological 
grading 2004 and International Anti-cancer Association 
2002, there was no statistical significance among these 
three groups in TNM staging, number and size of tumor 
(p>0.05), as shown in Table I.

Operation methods
After successful Continuous Epidural Anesthesia 

(CEA) (5), the patients in the TURBT group were placed 
in lithotomy position. German R-WOLF resectoscope 
annular cutting electrode and the matching supervising 
system with 160W of resection and 60W of coagulation 
was applied; 1.5% glycine as irrigation fluid was taken 
and the bladder capacity within 150 mL was controlled 
to observe size, number and distance from ureteral 
orifice of the tumor. Small-sized tumors were resected 
together with partial bladder walls of their bases through 
to the deep muscle. Tumors of larger size were resected 
gradually above the surface of the bladder and at the 
bases. The resected bases should include the deep muscle 
of the bladder wall. The healthy bladder wall tissues were 
resected within 2 cm around the tumor. 

After successful CEA in the holmium laser, patients 
in resection group were placed in lithotomy position. 
This study applied the Holmium laser machine equipped 
with 365 µm or 550 µm holmium laser of end lasing type 
and the laser power was set between 15 W and 40 W (the 
exported energy between 0.5 and 1.5J, frequency between 
20 and 30 Hz). Optical fiber was fixed on n. 5 catheter. 
Tumors less than 1 cm in size were directly vaporized 
and tumors over 1cm in size were resected with holmium 
laser, which not only cuts off the blood supply in the 
tumor body to reduce blood loss, but also clarifies the 
pathology. Vaporization was then carried out by aiming 
at the bases of the tumor and the healthy bladder wall 
tissues within 2 cm around the tumor by optical fiber until 
the muscle in the bladder wall was in sight. The Fr20-22 
catheter was located after the operation bladder irrigated. 
Open operation was selected for tumors within a 2 cm 
distance from the ureteral orifice with wide bases and 
a high grade. On the partial bladder cystectomy group 
median incision of lower abdomen was applied to open 
the bladder; the healthy bladder wall within 2 cm around 

Therefore X. Shuxiong, et al. made a retrospective 
analysis of patients with non-muscle-invasive bladder 
cancer (NMIBC) treated with transurethral resection 
of bladder tumor (TURBT) in recent years and made 
a comparison between 2 μm laser group and bipolar 
electrotome group in operation time, complications, 
hospital stay after operation and rate of relapse. It 
reached the conclusion that compared with bipolar 
electrotome, 2 μm laser was safer and more effective 
in treating NMIBC and had fewer complications (3). 
Presently the traditional therapy still fails to cure all 
patients with bladder cancer. Both the chemotherapy 
medicine perfusion into bladder and treatment with 
immunosuppressant has failed. W. Hua, et al. raised 
a large number of preclinical and clinical studies so 
as to prove the security and efficacy of oncolytic 
adenovirus perfusion into bladder to treat bladder 
cancer. Moreover, they made a discussion over the 
feasibility of intravenous administration in treating 
muscle-invasion or metastasis bladder cancer (4).

In recent years, there were a total of 327 patients 
with NMIBC who were operated on in our hospital 
but only 216 patients were available for follow-up 
visit. 

MATERIALS AND METHODS

We report the clinical efficacy of three different 
operational patterns carried out on 216 patients with 
NMIBC who were admitted to our hospital and 
consequently followed-up.

Inclusion criteria: 1) patients whose tumor location, 
size and quantity were confirmed by urinary system color 
Doppler ultrasound, intravenous pyelography, Computed 
Tomography (CT), cystoscopy and were pathologically 
diagnosed with non-muscle-invasive bladder cancer; 2) 
patients with first-time attack; 3) patients who had no 
severe heart and lung disease and could tolerate surgery. 

Exclusion criteria: patients who had blood coagulation 
disorders, severe liver and kidney function deficiency or 
chronic and acute infections.

Based on the above criteria, the 216 patients were 
divided into three groups. In the partial cystectomy group, 
there were 42 males and 20 females ranging in age from 
22 to 75 years (mean 63 years). In the second group, 
there were 20 patients with tumor within 2 cm around the 
ureteral orifice, 4 with tumor at the posterior wall, 16 at 
sidewall, 4 at the top part, and 18 at the anterior wall. In 
the TURBT group, there were 68 males and 22 females 
ranging in age from 20 to 82 years (mean 65 years). 
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of whom 37 suffered relapse within two years; 64 
patients were treated with holmium laser, of whom 
21 suffered relapse within two years. The difference 
in 2-year relapse rate among these groups was of 
statistical significance (p>0.05). Fifteen patients had 
obturator nerve reflex and 6 had bladder perforation 
in the TURBT group, but they could still successfully 
finish the operation. Ureter was kept in the body of 
6 patients with perforation indwelled for 7 to 10 
days. The partial bladder cystectomy had a higher 
rate of spasms than the other two groups (6), and the 
difference was of statistical significance (Table III).

DISCUSSION

NMIBC makes up 75%-85% of primary bladder 
tumor (7), among which Ta makes up 70%, T1 makes 
up 20% and Tis makes up 10% (8). Partial cystectomy, 
TURBT and Holmium laser resection are common 
operation patterns for NMIBC. However, bladder 
tumor is a multi-centric disease in time and space 
and is susceptible to relapse. Therefore, a proper 
operation pattern based on the patients’ conditions is 
of great clinical significance to promote the recovery 
and reduce relapse and development of tumor. The 
holmium laser is 2.1µm in length, which lies within 
the absorption range of water, producing a low rate of 
injuries to the surrounding tissues. It is 0.4 mm deep 
which means high precision in resection. Resection 
and homeostasis can be carried out simultaneously. 
There is a clear surgical field, less pain for patients 
and a quicker recovery. Energy produced by the 
holmium laser enables the water between the 
terminal end of optical fiber and stone to vaporize 
and promotes the formation of tiny vacuoles. 

TURBT is both the important diagnosis method 
for NMIBC (9), and the major operation pattern. 
It can not only resect the tumor but also resect 
the tumor bases and healthy partial bladder walls 
surrounding the tumor through to the deep muscle 
which is beneficial for tumor grading and staging 
and is able to establish a diagnosis. The drawback 
is the requirements of a very high standard of 
skilled operators. The simultaneous resection of 
complicated hyperplasia of the prostate can not 
only shorten the residence time of cancer-causing 
matter in urine and reduce the relapse of bladder 
cancer in a much safer, more effective and feasible 

the tumor was resected; tumor within a 2 cm distance 
from the ureteral orifice together with ureter was resected; 
ureter was again built in with indwelled Double-J, and 
pulled out one month later; surgical field was soaked in 
distilled water for 5 min and the incisions in bladder sewn 
up with 0~1 self-absorbent string; Patients in these three 
groups were all treated with Shenzhen Wangle Pirarubicin 
(theprubicine, THP) in single dose of 10 mg per bottle and 
30 mg plus 5% GS30 mL and received bladder irrigation 
once. All patients changed their body position once every 
ten minutes and excreted the perfusion liquid every 40 
min. In the first eight weeks, one perfusion was carried 
out. For the following 2 years perfusion is carried out once 
a month. All patients were invited to come back to hospital 
every 3 months in the first two years post-operation, every 
6 months in the 3rd year and once a year from the 5th year 
on.

Clinical efficacy
Based on statistical comparison of cases of relapse, 

operation time, blood loss, time of indwelling ureter, 
hospital stay and post-operation complications among 
these three operation patterns in two years, this paper 
also analyzed the benefits and weaknesses of these three 
patterns respectively.

 
Statistical analysis 

Statistical analysis was performed by SPSS 17.0 
software and all measurement data in normal distribution 
was expressed by mean ± variance. Comparison between 
every two groups was carried out by LSD-t test and 
comparison in measurement data among these three 
groups was carried out by variance analysis. Numeration 
data was inspected by the chi-square test and the standard 
of test was as follows: if p<0.05, the difference was of 
statistical significance.

RESULTS

The three groups all completed the operation. The 
difference of operation time, blood loss and time of 
indwelling ureter and hospital stays between these 
groups was analyzed by variance, and the difference 
was quite obvious. The TURBT group and Holmium 
laser resection group had more benefits than the 
partial cystectomy group and the difference was of 
statistical significance (Table II). 

Of 327 patients with NMIBC, 216 were available 
for follow-up visits: 62 patients were treated with 
partial cystectomy, of whom 19 suffered relapse in 
two years; 37 patients were treated with TURBT, 
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also setbacks such as excessive broken tumor tissue 
and consequent incompleteness of tumor samples 
therefore pathologists were unable to determine 
the overall differentiation of the tumor due to 
severe burn, compression and damage caused by 
the resection. As to partial resection of bladder 
tumor, tissue adhesion is major after surgery,thereby 
lowering the repeatability of it, though complete 

manner. Partial cystectomy widely applied in China 
at present is effective for tumor with high grade and 
invasion tendency, especially for tumor near the 
ureteral orifice (10).

Observing three resections over a length of 
time, we found that holmium laser resection was 
characterized by small trauma, less bleeding and 
rapid recovery compared to TURBT, but there were 

Table I. Basic indexes of patients in the three groups before operation.

Item TURBT 
group

Holmium laser 
resection group 

Partial cystectomy 
group χ2 p

Number t of tumor
Solitary 38 26 30 0.877 0.645

Multiple (from 2 to 7) 52 38 32
Size of tumor

≤3cm 50 28 26 3.432 0.180
>3cm 40 36 36

T staging
Ta 60 42 44 0.471 0.790
T1 30 22 18

Grading 
Papilloma 29 16 11 13.329 0.055

Low malignant 
tendency 28 20 13

Low grade 25 19 22
High grade 8 9 16

Table II. Comparison of items in three groups in and after operation.

Item TURBT 
group

Holmium 
laser 

resection 
group

Partial 
cystectomy 

group 
F P

Comparison between two groups
P(TURBT 

vs 
Holmium 

laser)

P(Holmium 
laser vs
Partial)

P(TURBT 
vs Partial)

Operation 
time/min 39.6±10.1 29.2±14.1 92.5±13.9 474.56 <0.001 <0.001 <0.001 <0.001

Blood loss/
ml 43.3±10.2 20.1±9.1 98.2±15.6 741.93 <0.001 <0.001 <0.001 <0.001

Time of 
indwelling 

ureter/d
6.1±2.1 4.0±1.5 11.7±1.6 311.13 <0.001 <0.001 <0.001 <0.001

Hospital 
days/d 8.3±2.8 7.5±2.6 14.3±3.1 11.89 <0.001 0.087 <0.001 <0.001
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enhance the prognosis. Together with the improved 
operation level and chemotherapy perfusion into 
bladder regularly after operation, we can choose 
the second TURBT to reduce the tumor residue 
and reduce the rate of relapse from 2 to 6 weeks 
after operation. It is also believed that TURBT and 
Holmium laser resection has a much more promising 
future in treating NMIBC.
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No relapse 53 43 43
Perforation 
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Bladder spasm
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No 71 52 37

Obturator nerve 
reflex
Yes 15 - - - -
No 75 - -
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C-erbB-2 is a cancer gene originating from cells. The high-expression and amplification of C-erbB-2 and 
its protein products (P185) are found in a wide variety of tumors. The abnormal expression of C-erbB-2 
has great influence on the occurrence and development of gastric carcinoma. This paper aimed to analyze 
the expression of C-erbB-2 in the tissues of gastric carcinoma, gastric mucosal atypical hyperplasia and 
gastritis, and discuss its role in the occurrence and development of gastric carcinoma. The morphological 
differences and connections among simple intestinal metaplasia (SIM), atypical intestinal metaplasia (AIM) 
and dysplasia in intestinal metaplasia through hematoxylin and eosin (HE) staining were studied. Three 
groups were set to detect the expression condition of C-erbB-2 by immunohistochemical method (IHC). 
The result showed that C-erbB-2 had no significant difference in AIM and gastric carcinoma, that is, AIM 
was closely related to gastric carcinoma. The positive expression was demonstrated of C-erbB-2 products 
(P185) in medium and gastric mucosa dysplasia tissues and was 29.41% and 66.67%, respectively, while it 
was 25%, 50% and 77.78% in high, medium and low differentiation of gastric carcinoma. It can be seen 
that there was a significant difference between them (P<0.05), and the expression degree was significantly 
enhanced (P<0.05); the expression degree in high differentiation gastric cancer tissue was significantly 
higher than the middle and low differentiation gastric cancer tissue. It was concluded that C-erbB-2 played 
an important role in the pathogenic mechanism of gastric carcinoma, and it might act on the later period of 
the gastric carcinoma, which provides objective reference index for the diagnosis and prognosis of gastric 
carcinoma and meanwhile provides instructional theoretical reference for the application of targeted drugs 
in the clinical treatment of gastric carcinoma.
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Gastric carcinoma is a common malignant cancer, 
whose death rate can be reduced by early detection 
and treatment. Now it is widely believed that the 
process of atypical hyperplasia  is the main cause of 
gastric carcinoma, therefore atypical hyperplasia is 
considered to be precancerous lesions (1, 2). Gastritis 
is a benign disease of gastric mucosa, and can be treated 

by medical treatment, while the intestinal metaplasia 
is a common concomitant lesion in gastric mucosa 
of gastritis, and it is closely associated with gastric 
carcinoma. This paper aimed to study the change of 
gastric mucosa and achieve an early discovery and 
timely treatment of gastric cancer through the gene 
expression of C-erbB-2. Intestinal metaplasia is 
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HE staining, pathological morphology of gastric mucosa 
tissues was observed under the light microscope. For 
SP immunohistochemistry Envision was used according 
to the manufacturer’s instructions; paraffin sections 
were dewaxed with xylene, and hydrated with gradient 
alcohol. After emerging in 0.01 mol/L boiling citrate 
buffer (PH=6.0) for 18 min, sections were cooled at room 
temperature, and washed twice with distilled water. After 
PBS washing for 3×5 min, peroxidase blockers were 
added. Ten min later, sections were washed again with 
PBS for 3×5 min, and stored at 4°C for one night adding 
one drip of immune animal serum (room temperature for 
10 min) and mouse anti-human monoclonal antibody and 
rewarming it at 37°C for 45 min. Sections were washed 
with PBS (3×5 min), and then mixed with streptomyces 
anti-biotin peroxidase ( at room temperature for 10 min). 
After PBS washing again for 3×5 min, the sections were 
observed through a microscope for 2-5 min after the 
addition of 50 µl of freshly prepared DAB color liquid after 
rinsing and the nucleus counterstained with hematoxylin 
after which it was rinsed with distilled water. It was then 
differentiated with hydrochloric acid and rinsed with tap-
water and dehydrated again with gradient alcohol. The 
positive biopsies were taken as positive control and PBS 
as negative control.  

Morphological observation of gastric mucosa lesion
The difference between SIM and AIM was found 

based on the morphologic observation of gastric mucosa 
lesion, shown in Table II and Table III.

Test results
C-erbB-2 was considered positive cell when its cell 

nucleus or cell nucleus together with cytoplasm appeared 
with brown granules and only cytoplasm that was positive 
was regarded as non-specific staining. Cytoplasm staining 
was positive in IM while cell membrane staining was 
positive in gastric carcinoma. Positive cells were classified 
in three types according to the proportion of cells: with 
none or less than 10% positive cells (-); more than 10% of 
positive cells were regarded as weakly positive (I); more 
than 25% of positive cells were regarded as positive (II).

Statistical analysis
Data analysis was performed by using SPSS 19.0 

software and Spearman’s correlation index, statistical 
significance p<0.05. 

RESULTS

The positive expression of C-erbB-2 was found in 
cytoplasm in IM while it was found in cell membrane 

divided into simple intestinal metaplasia (SIM) and 
atypical intestinal metaplasia (AIM) according to 
pattern and tissue. It is reported that the main reason 
of tumor occurrence, development, invasion and 
metastasis is the activation of oncogene (C-erbB-2) 
and the functional loss of tumor suppressor genes. 
With the activity of tyrosine kinase C-erbB-2 
receives the information of epidermal growth factor 
and stimulates cell proliferation. Wei Xueming 
et al. found in “Expressions and Significance of 
EGFR, C-erbB-2, VEGF and COX-2 in Human 
Gastric Cancer Tissues” that over expression of 
C-erbB-2 which is closely related with the invasion 
and metastasis of many solid tumors can aggravate 
the atypical hyperplasia of gastric mucosa (3-5); 
Ding Chunming, et al. indicated that the positive 
abnormal expression of C-erbB-2 was a hazard 
in the deterioration of gastric carcinoma (6), and 
it was correlated to the expression of p53 (cancer 
inhibition). This paper analyzed the expression of 
C-erbB-2 in tissues of gastritis, atypical hyperplasia 
and gastric carcinoma by HE staining and IHC and 
discussed the role and clinical significance in the 
occurrence and development of gastric carcinoma. 
It aimed to provide theoretical basis for the early 
discovery, early diagnosis and timely treatment of 
gastric carcinoma.

MATERIALS AND METHODS

A total of 192 wax specimens of fiberscope biopsy 
from a hospital were selected and divided into three 
groups according to pathologic histology types, including 
Gastric carcinoma group, Gastric mucosa dysplasia 
group and Chronic gastritis group (Table I). The age 
of groups was of no statistical significance (P>0.05). 
In the gastric carcinoma group, there were 48 cases of 
poorly and moderately differentiated gastric carcinoma, 
12 moderately differentiated patients and 18 highly 
differentiated; as for the Gastric mucosa dysplasia group, 
there were 8 mild samples, 34 medium samples and 6 
severe samples. 

The rat anti-human monoclonal antibody of C-erbB-2 
was purchased from Santa Cruz, and immunohistochemical 
SP kit and DAB (3,3’-diaminobenzidine) colorimetric 
solution were both purchased from Beijing Biotechnology 
Company Co., Ltd.

All specimen were treated with 10% formalin fixation, 
paraffin embedding and cut into 4 μm section followed by 
HE staining and immunohistochemical experiments. After 
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gastric mucosa dysplasia and gastric carcinoma had 
no statistical significance (P>0.05).

The expression of C-erbB-2 in gastric mucosa 
tissue with mild, medium and serious degree is 
shown in Table V. The Table shows that the positive 
expression degree in mild, medium and serious 
gastric mucosa dysplasia was respectively 0, 29.41% 
and 66.67%, showing an upward trend (P<0.05). The 
positive expression degree in serious gastric mucosa 
dysplasia was significantly increased compared 
with mild gastric mucosa dysplasia (P<0.05), and 
it showed that the positive expression of C-erbB-2 
increased as the lesion deteriorated.

in gastric carcinoma (7, 8). The expression in the 
tissue of chronic gastritis, gastric mucosa dysplasia 
and gastric carcinoma is shown in Fig. 1 and Table 
IV. Table IV shows that the positive expression rate 
and level of C-erbB-2 in gastric carcinoma tissue 
and gastric mucosa dysplasia was significantly 
higher than in the chronic gastritis tissue, and among 
them, the rate of positive expression of C-erbB-2 
in chronic gastritis was 30.3%, 65.38% in gastric 
mucosa dysplasia, and 61.54% in gastric carcinoma. 
The expression in chronic gastritis was significantly 
different compared with gastric mucosa dysplasia and 
gastric carcinoma (P<0.05); the difference between 

Table I. General characteristics of the studied patients.

Group Total specimen Gender Proportion Age range (year) Average age (year)

Gastric carcinoma 78 64/14 29-80 59.6

Gastric mucosa dysplasia 48 34/14 30-75 57.8

Chronic gastritis 66 28/38 30-74 56

Table II. Histomorphology characteristics of SIM and AIM.

Histomorphology SIM AIM

Tissue structure Regular gland 
The cells were crowded and pseudostratified; the cell 
nucleus showed adenomatous standing and overlap; 

polarity was chaos 

Goblet cell Regular morphology; the nucleus was 
located at the base of cell

Cells were oblate-shaped; large nucleus with obvious 
nucleolus; usually off normal; the polarity was changed

Columnar cell
The cell was columnar with bright 

cytoplasm, the nucleus was located at 
the bottom

Cells were oblate-shaped; large nucleus with obvious 
nucleolus; chaos 

Paneth cell
Regular morphology; the nucleus was 

located at the bottom Cells were inverted; the polarity was changed 

Gastric pit Regular morphology; the mucosa 
among depressions was smooth Mutability of form, depressions became deeper, hackly 

Table III. Morphological comparison between AIM and hyperplasia.

Histomorphology AIM Hyperplasia
Tissue structure The cells were crowded and pseudostratified; the cell nucleus 

showed adenomatous standing and overlap; polarity was chaos
Nuclear arrangement 

was loose with a larger 
proportion

Goblet cell Cells were oblate-shaped; large nucleus with obvious nucleolus; 
usually off normal; the polarity was changed

 No goblet cell 

Paneth cell Cells were inverted; the polarity was changed No Paneth cell 
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Table IV. The expression of C-erbB-2 in the tissue of chronic gastritis, gastric mucosa dysplasia and gastric carcinoma.

Group Cases
 (number)

The degree of positive reaction Positive
Rate (%)﹣ I II

Chronic gastritis 66 46 12 8 30.30
Gastric mucosa dysplasia 52 18 20 14 65.38

Gastric carcinoma 78 30 20 28 61.54

Table V. The expression of C-erbB-2 in mild, medium and serious gastric mucosa dysplasia.

Gastric mucosa 
dysplasia

Cases
(number)

The degree of positive reaction Positive rate
(%)﹣ I II

Mild 8 8 0 0 0 (0.00)
Medium 34 26 4 6* 10 (29.41)*
Serious 6 2 0 4* 4 (66.67)*

Table VI. Expression condition of C-erbB-2 in gastric cancer tissue of different differentiation degrees.

Gastric carcinoma Cases
(n)

The degree of positive reaction Positive cases
(%)﹣ I II

Poorly 
differentiated 48 36 10 2 12 (25.00)

Moderately 
differentiated 12 6 4 2 6 (50.00)*

Highly 
differentiated 18 4 4 10 14 (77.78)*

Fig. 1. The expression of C-erbB-2 in the tissue of chronic gastritis, gastric mucosa dysplasia and gastric carcinoma; 
A) The negative expression of C-erbB-2 in gastritis tissue; B) The positive expression of C-erbB-2 in gastric mucosa 
dysplasia tissue; C) The positive expression of C-erbB-2 in gastric carcinoma tissue. 

B. SONG ET AL.
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11). Gastric mucosa dysplasia is closely associated 
with the occurrence of gastric carcinoma. It may be 
an important link of the precancerous process and is 
listed as gastric precancerous lesion (12, 13). Gastric 
mucosal canceration is a complicated process which 
can be divided into four steps (Fig. 2).

This paper analyzed the expression of C-erbB-2 
in tissue of chronic gastritis, atypical hyperplasia 
and gastric carcinoma by HE staining and IHC, 
which provides theoretical basis for understanding 
the occurrence of gastric carcinoma. Besides, this 
research can be a reference to clinical screening of 
high-risky patients with gastric carcinoma. 

It has been reported that oncogene is a gene 
segment existing in chromosomes, and it remains 
inactive and does not express itself in normal 
situations. However, cell transmission or even 
malignant tumor occurs if oncogene causes genes 
amplification, absence, ectopia or mutation (14, 15). 
Proto-oncogene C-erbB-2 is also called neu gene 
or HER-2 gene, and it encodes a transmembrane 
glycoprotein with tyrosine kinase activity. In normal 
circumstances it is inactive and participates in the 
regulation of growth and differentiation of the cells, 
but if it is affected by oncogenic factors C-erbB-2 
can be out of control, leading to the activation, 
amplification and the excessive expression of 
protein P185. It produces many growth factor 
receptors and the mitosis is enhanced (16, 17). As a 
proto-oncogene, C-erbB-2 can act as a biomarker to 
the diagnosis of gastric carcinoma. C-erbB-2 is an 
important biomarker in the early diagnosis of gastric 
carcinoma (18). 

Many studies indicate that the expression of 
C-erbB-2 occurs in the later period of gastric 
carcinoma. It is closely related to lymphatic metastasis 
and prognosis. However, this study indicates that 
C-erbB-2 expression may take place earlier since 
expression was found in tissues of serious gastric 
mucosa dysplasia and gastric carcinoma and also 
in the tissues of mild and medium gastric mucosa 
dysplasia and intestinal metaplasia. C-erbB-2 was 
mainly located in cell membrane, performing as 
a brown and positive particle. Positive dyeing in 
cytoplasm was found in a few cells. In the process 
of gastric mucosa canceration, cell proliferation 
activity increased gradually with increasing positive 
expression of C-erbB-2. C-erbB-2 also expressed 

The relationship between C-erbB-2 expression and 
clinical and pathological factors of gastric carcinoma 
is shown in Table VI. It is obvious that C-erbB-2 
expression was  not related to differentiation degree 
(P>0.05), while it was positively correlated with 
depth of invasion and lymphatic metastasis (P<0.05). 
C-erbB-2 expression of infiltrating into muscle layer 
below the lymph node metastasis is high.

DISCUSSION

    Gastric carcinoma is a cancer originating from 
gastric mucosal epithelium, which is one of the most 
common cancers (9). It remains the leading cause of 
cancer-related death, especially for the elderly (10, 

Fig. 2. The process of gastric mucosal canceration.



476

24:4882-3.
3.	 Wei XM, Gu GL, Ren L, Xiong M, Wang SL, Li DC. 

Expressions and significance of EGFR, C-erbB-2, 
VEGF and COX-2 in human gastric cancer tissues. 
Chinese Journal of Bases and Clinics in General 
Surgery 2009; 16 (11):900-5.

4.	 Wang FL, Xie H. Expression and clinical significance 
of C-erb-B2 and Topo II α in breast cancer. Jiangsu 
Med J 2011; 37(5):541-3.

5.	 Mu JP, Liu L, Fang W, Ao JB, Cheng JM, Zhou 
LZ. The changes of colon proto-oncogene C-fos 
expression on experimental colitis in rats. Chin J of 
Gastroenterol and Hepatol 2010; 19(11):988-90.

6.	 Ding CM, Yu G, Zhu BH. Study on the expression 
of p53 and C-erbB-2 and their relationship with 
tumor progression in gastric cancer. The Practical J 
of Cancer 2011; 26(1):31-3.

7.	 Li M, Liu LN, Wang ZH, Feng L, Li YN, Zhang QP. 
Significance of the sites of EGFR expressions in 
gastric carcinogenesis. J of Dalian Med Univ 2010; 
3(2):170-2.

8.	 Fan P. The relevant research of EGFR gene mutation 
in the gastric carcinoma. Xinjiang: Shihezi Univ 2010. 

9.	 Zou XN, Sun XB, Chen WQ, Zheng RS, Zhang SW, 
Dai Z, Liu WD, Zhao DL. Analysis of incidence and 
mortality of stomach cancer in China from 2003 to 
2007. Tumor 2012; 32(2):109-14.

10.	 Wang SB, Liu CM. Comparative studies on the 
expression of Ki-67 and MVD count in gastric 
carcinoma between, young and aged patients. Chin 
J of Clinic Gastroenterol 2010; 22(4):221-3.

11.	 Li KB. The comparation and prognostic analysis of 
clinical manifestation, pathological feature in gastric 
carcinoma between, young and aged patients. Anhui 
Med and Pharmace J 2013; 17(2):285-6.

12.	 Wei Q, Wang L, Huang RF, Tang Y. The expression 
and significance of Shh in gastritis, atypical 
hyperplasia and gastric carcinoma. Military Surgeon 
in Southwest China 2012; 14(4):608-10.

13.	 Song R. The application status and clinical value 
of NCCN Guideline for gastric cancer patients in 
a comprehensive teaching hospital in Shanghai. 
Shanghai: Fudan Univ 2012. http://cdmd.cnki.com.
cn/article/cdmd-10246-1013102458.htm

14.	 Wei YY, Hou J, Tang WR, Luo Y. The cooperation 
between p53 and Ras in tumorigenesis. Hereditas 

more positively in serious gastric mucosa dysplasia 
and gastric carcinoma than in medium dysplasia, 
(P<0.05). It was inferred that C-erbB-2 high-
expression leads to increase of EGF in cell membrane 
sample information capacity which promotes cell 
proliferation activity. No remarkable difference was 
noted between proliferation index of serious gastric 
mucosa dysplasia and gastric carcinoma, nor in the 
condition of C-erbB-2. This showed that serious 
dysplastic tissues were more likely to cancerate. The 
increase of its proliferation ability may be associated 
with the increased expression of C-erbB-2.

This study showed that C-erbB-2 did not express 
in mild gastric mucosa dysplasia tissue, and expressed 
slightly in chronic gastritis tissue. Furthermore, 
C-erbB-2 expression in atypical hyperplasia was 
close to the high differentiation of gastric carcinoma. 
The expression degree in medium and serious 
gastric mucosa dysplasia was respectively 29.41% 
and 66.67%, and it had a significant difference 
(P<0.05). The expression in gastric carcinoma 
with poor, medium and high differentiated degree 
was respectively 25%, 50% and 77.78% and the 
expression had a significant difference between each 
two groups (P<0.05); the expression in the high 
differentiation group was significantly higher than it 
was in the medium and poor differentiation (P<0.05) 
groups. This demonstrates that the C-erbB-2 
participated in the regulation of gastric carcinoma 
cell differentiation, and the expression increased 
as the lesion of gastric mucosal deteriorated. High 
expression may lead to the malignant transformation 
of cells. It might act on the later period of gastric 
carcinoma occurrence, and had a close relationship 
with the occurrence and development of gastric 
carcinoma and the activation of a variety of cancer 
genes.
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This paper aimed to raise a thin-layer chromatography (TLC) identification method for rhubarb 
and Phellodendri Amurensis Cortex and inspected skin irritation induced by them. It applied the TLC 
identification for Rhubarb and Phellodendri Amurensis Cortex in Shuang-bai cataplasm prescription. 
In this study six rabbits were divided into two groups to observe the skin irritation from Shuang-bai 
cataplasm on intact and defected skin. Another 36 were randomly divided into 6 groups to observe the 
acute toxicity from Shuang-bai cataplasm on intact and defected skin. Also 30 guinea pigs were divided 
into 3 groups to observe skin allergy to Shuang-bai cataplasm. The results showed that the average weight 
of the group of intact-skin rabbits was 2.026±0.10 kg and 2.427±0.023 kg after medication; the average 
weight of the group of defected-skin rabbits was 2.170±0.05 kg and 2.540±0.15 kg after medication; 
Shuang-bai cataplasm produced no irritation on intact or defected rabbit skin, no acute toxicity in 
rabbits and no allergy on the skin of guinea pigs. The skin allergy rate on guinea pigs of the medication 
group was 0 at each time quantum. Therefore, it can be concluded that this preparation produces no 
extreme skin irritation for rabbits, guinea pigs or human beings, and it can be safely put into practice.
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LETTER TO THE EDITOR

Cataplasm, also called hydrogel plaster, is a new 
plaster for external use. The medicine is dissolved or 
blended with water-soluble polymer material matrix, 
and then spread on the surface of backing materials 
for skin application (1). In the 1970’s Japan first 
modified and developed the age-old cataplasm 
formulation into the modern-day cataplasm and in 
the 1980’s it found its way into the European and 
American market as well as China. Cataplasm was 
defined by medicinal extracts and plaster spread onto 
the surface of backing materials after blending the 
medicine, chemical drugs and proper hydrophilic 
matrix together as shown in Chinese Pharmacopoeia, 

2005. 
Compared with traditional plaster, cataplasm has 

several merits which include large drug capacity, 
no allergy or irritation on skin, good moisture 
and ventilation performance. It can also be used 
repeatedly (2). 

Shuang-bai cataplasm is composed of five herbal 
medicines, namely rhubarb, Cacumen Platycladi, 
Phellodendri Amurensis Cortex, Lycopus lucidus 
and mint (3). It boasts several benefits such as 
lowering fever and detoxifying, relieving pain 
and eliminating stasis. It is mainly applied in the 
treatment of traumatic injury, sores and ulcers in 
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appendix VIB of Chinese Pharmacopoeia, 2010 edition), 
from which 4 µl and 6 µl solution was drawn for control 
material and control sample. The solution was then spread 
upon the same silica gel G thin-layer plates taking sodium 
carboxymethyl cellulose (CMC) as adhesive, petroleum 
ether (30-60°C), ethyl formate and Performic acid 
(15:7:1) as developing solvent; it was taken out and dried 
under the sun then placed under an ultraviolet lamp (254 
nm) for inspection. On the chromatogram for test sample, 
the spots of fluorescence appeared to be the same color 
in the corresponding location on the chromatogram for 
control material and control sample. After fumigation in 
ammonia vapor, the spots turned red. (Fig. 1). 

Two plasters of this drug and 3 plasters of negative 
control sample without Phellodendri Amurensis Cortex 
were taken and cut up; the backing materials were removed 
and then 60 mL of absolute ethyl alcohol was added; 
heating reflux for 1 h was operated, the filtrate was dried 
out and water was added to dissolve the residue; the pH was 
regulated to the value 8 or 9 by strong ammonia solution; 
20 mL trichloromethane was extracted twice, combined 
with the trichloromethane liquid and rinsed for three times 
in 15 mL water; the solvent was volatilized and then 2 
mL of methyl alcohol was added to dissolve the residue 
which would serve as a solution for experiments and for 
negative control. Another 0.1 g of Phellodendri Amurensis 
Cortex was taken for control sample, 30 mL absolute ethyl 
alcohol was added and medical solution for control was 
fabricated in the same way. Inspection was based on TLC 
(an appendix VIB of Chinese Pharmacopoeia, 2010); 12 µl 
solution was taken from the above-mentioned experiments 
and 0.5 µl both for control material and control sample; 
the solution was spread upon the same silica gel G thin-
layer plates using sodium carboxymethyl cellulose (CMC) 
as adhesive and ethyl acetate, butanone, performic acid 
and water (10:7:1:1) as developing solvent; it was dried 
under the sun then placed under the ultraviolet lamp for 
inspection (365 nm). On the chromatogram for test sample, 
the spots of fluorescence appeared to be the same color 
in the corresponding location on the chromatogram for 
control material and control sample. ( Fig. 2). 

Skin irritation assay
Six healthy white rabbits (3 of each sex) were 

randomly divided into two groups, namely the intact skin 
group and defected skin group (scratched by sterilized 
needle without bleeding); the rabbits were shaved on both 
sides of the spine in an area of about 150 cm2 24 h before 
this assay; any shaved area with skin injury was not used 
for the assay. This assay applied the self-contrast for both 
sides on the same body. Five g·(100g)-1 of Shuang-bai 
cataplasm was applied to both groups on the left side, 
treated with drugs once and applied with cataplasm 

their early stage, local inflammation and pain, pelvic 
inflammation and phlebitis (4). Shuang-bai powder 
was usually applied with Vaseline ointment and 
hydromel in past clinical practice and was probably 
likely to induce skin allergies (5) and stain clothes. 
In order to avoid these problems, this study created a 
cataplasm from the original combination which was 
less likely to induce allergy and skin irritation and 
easier to apply without staining clothes. To control 
the quality of Shuang-bai cataplasm, thin-layer 
chromatography was applied to identify Rhubarb 
and Phellodendri Amurensis Cortex within. Skin 
irritation was inspected in the hope of providing a 
reference for future studies. 

MATERIALS AND METHODS

Forty-two healthy rabbits with a body mass between 2 
and 2.5 kg and the same number of rabbits of different sex 
were used; thirty healthy white guinea pigs with a body 
mass 300-400 gr and the same number of guinea pigs of 
different sex were used. All animals were provided by 
the Experimental Animal Center of Zhengjiang Chinese 
Medical University and their certification number was 
SCXK (Shanghai) 2008-0016. All animals received one-
week adaptive feeding before this experiment.

Rhubarb identification 
Three plasters of this drug and 3 plasters of negative 

control sample without Rhubarb were cut up. The 
backing materials were removed and then placed into a 
Soxhlet extractor; Petroleum ether (30-60°C) was added; 
heating reflux was operated until the color of the extracts 
disappeared and the petroleum ether fluid was removed. 
The petroleum ether was patched and volatilized and 120 
ml 70% ethanol was added, heating reflux was operated 
for 1 h and was then filtered in boiling water. Filtrate 
was dried and 25 ml water was added to dissolve the 
residue; 6 ml hydrochloric acid was added and heating 
hydrolysis operated for 30 min and immediately cooled 
down, shaken and extracted using 30 ml ethyl acetate 
twice. It was then combined with the ethyl acetate liquid 
and rinsed for three times in 15 ml of water; the solvent 
was volatilized and 1 mL of methyl alcohol was added to 
dissolve the residue which would serve as a solution for 
experiments and for controls. Another 0.5 g of rhubarb 
was obtained as a control sample, 50 mL petroleum ether 
was added (30-60°C). Another rhein was obtained as a 
control sample and methyl alcohol was added to make a 
solution including 1.0 mg in each 1 mL to serve as the 
control solution. Inspection was based on the TLC (an 
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right side, rinsed away 6 h later and observed; skin allergy 
was observed at 24, 48 and 72 h. Positive control group 
(treated with 1% 2, 4-DNCB) and blank control group 
were observed in the same way.

Statistical method 
The database was built by combining diseases, 

solvents, major clinical performance, therapies and 
treatment results drawn from literature. Statistical 
analyses were carried out using EXCEL 2003 software. 

RESULTS

Skin irritation assay
When the intact rabbit skin group came into 

contact with the Shuang-bai cataplasm, there was no 
erythema and edema in local parts. There were no 
abnormal reactions on either side of the body.

Skin acute toxicity assay
 At the 1st, 24th, 48th and 72nd h and on the 14th day 

after the intact rabbit skin group and defected skin 
group came into contact with the test medicine, there 
was no poisoning in their body mass, skin, hair, eyes, 
mucosa, breathing or in the central nervous system 
or activity of the four limbs. Moreover, there was no 
erythema or edema in the skin. The changes in body 
mass of the rabbits in different groups are shown in 
Table I.

Skin allergy assay 
There was no allergy in the blank group and 

treatment group, such as erythema and edema. After 
the positive control group received the treatment for 
6 h, there was erythema in the skin without edema, 
and the erythema still remained 24, 48 and 72 h later 
without edema. The morbidity of allergy in these 
three groups is shown in Table II. 

DISCUSSION 

  Shuang-bai powder is a prescription of the late 
professor Huang Yaoshen in Guangzhou University 
of Chinese Medicine (6). In 1964, it was recorded 
in the textbook Lectures on Chinese Medicine 
Traumatology on trial in Chinese Medicine School 
and is presently widely applied in China. It has been 
effective in clinical application for over four decades, 

matrix on the right side, fixed with gauze of the same 
length. Plasters were removed, treated with drugs for 24 h 
and then rinsed with tepid water. Observation was carried 
out by the naked eye to determine whether there was any 
erythema and edema in local parts 1, 24, 48, and 72 h later, 
after removing the test sample.

Skin acute toxicity assay
Thirty-six healthy white rabbits were taken and 

then randomly divided into 6 groups including four 
experimental groups, namely the intact skin group, low 
dosage group, defected group and high dosage group. 
There were also 2 control groups, namely the intact skin 
control group and defected skin control group. Before the 
experiment, both sides of the spine were shaved on 10% of 
the total surface area (about 150 cm2); 24 h after shaving 
detection was carried out to establish whether there was 
any injury caused by shaving and to determine whether 
the defected skin was improper for toxicity assay. The 
control groups were treated with 5g·Kg-1 drug once and 
the intact skin group and defected skin group were treated 
with the cataplasm matrix; high dosage group was treated 
with 5g·Kg-1 drug once; the intact skin group and defected 
skin group were treated with the 150 cm2 cataplasm in 
high concentration and low dosage group was treated with 
1.25g·Kg-1 drug once; the intact skin group and defected 
skin group were treated with the cataplasm in the same 
area in low concentration. The method of fixation was the 
same as above, and each animal was kept in an individual 
cage. After 24-h treatment the residue was rinsed with 
tepid water; the body mass, skin, hair, eyes, and changes 
of mucosa, breathing, central nervous system, the activity 
of four limbs and poisoning effects were observed at the 
1st, 24th, 48th and 72nd h and at the 14th day after removing 
the test medicine, respectively .

Skin allergy assay
Thirty healthy white guinea pigs were taken (the same 

number for each sex) and shaven symmetrically on both 
sides of their backs (3cm x 3cm) 24 h before receiving 
the treatment. The guinea pigs were randomly divided 
into three groups, including treatment group, blank 
control group (treated with matrix), and positive control 
group (1% 2, 4-dinitrochlorobenzene (DNCB). Allergy 
contact: 0.2 g Sanhuang Sanyu cataplasm was obtained to 
apply on the shaven area on the left side and the fixation 
method was as stated above, removed 6 h later and residue 
rinsed away with tepid water and repeated once on the 7th 
and 14th day, for a total of three times. The blank control 
group and positive control group carried out the allergy 
assay in the same way. Irritation contact: Sanhuang Sanyu 
cataplasm was applied for 14 days and 0.2 g of Sanhuang 
Sanyu cataplasm was applied on the shaven area in the 
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Table I. Changes in body mass of rabbits in three groups.

Group Rabbits Before treatment 7d after treatment
Intact skin 

Control 6 2.026±0.10 2.427±0.023
High dosage 6 2.217±0.03 2.460±0.052
Low dosage 6 2.095±0.21 2.285±0.077

Defected skin
Control 6 2.170±0.05 2.540±0.15

High dosage 6 2.349±0.17 2.503±0.03
Low dosage 6 2.083±0.04 2.250±0.12

Table II. Mean and morbidity of allergy of guinea pigs in thethree groups.

Group Guinea 
pigs

6h(n%) 24h(n%) 48h(n%) 72h(n%)

—— Mean Morbidity Mean Morbidity Mean Morbidity Mean Morbidity 
Control 10 0 0 0 0 0 0 0 0

Treatment 10 0 0 0 0 0 0 0 0
Positive 10 1.8 100.0 3.2 100.0 2.6 100.0 1.3 52.0

Fig. 1. TLC chromatogram of rhubarb under ultraviolet lamp (A) and after fumigation in ammonia vapor (B). 1-3 refer to 
the Shuang-bai cataplasm test sample; 4 refers to the rhubarb control material, 5 refers to the rhein control sample and 
6 refers to the rhubarb negative control.

YG. TIAN ET AL.
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example, it leaves no residue, does not pollute and it 
is simple to use. Moreover, it has good breathability 
and moisture retention, it is not irritant and has 
no sensitization; in addition, it can be pasted and 
uncovered repeatedly. It helps the drug to react 
rapidly and enduringly on skin and it evaporates 
waste and cools down the skin (11).

This study adopted the TLC identification and 
clear spots were found in the chromatogram. The 
results found that there was no interference of 
foreign spots in the area and this method was quite 
specific and reproducible. Because Shuang-bai 
cataplasm contains a large amount of glycerine, in 
the identification of Phellodendri Amurensis Cortex, 
the extracted sample methyl alcohol was affected 
by the glycerine, thus spots after development were 
inconsistent with the spots in control medicine and 
control sample. Through trial and error, this paper 
removed the methyl alcohol within the extract 
liquid, regulated the pH to 8 or 9 by strong ammonia 
solution and then extracted by trichloromethane. In 
this way, it acquired a good result by overcoming the 
effect of glycerine on development. 

With further studies and the constantly newly-
emerging technologies and equipment, TCM 
cataplasm has achieved a gradual improvement in 
several aspects, including matrix, craft-work and 
quality standard. Meanwhile, this paper achieved an 
integration of new traditional Chinese trans-dermal 
absorption system with traditional Chinese external 
treatment and developed a new Chinese medicine 
cataplasm through new preparation technology. By 
exploring new applications, it applied the medicine 
on some corresponding acupoints and maximized 
the therapy of acupoint administration in TCM. 
This medicine can permeate through the skin into 
the blood circulation, and then give full play to its 
function of channel tropism and further to the merits 
of TCM cataplasm. Because it has several merits, 
such as a large capacity of medicine, less animal 
consumption, speed in producing effects, pain- and 
stimulus-free, TCM cataplasm will increasingly win 
more approval from doctors and patients, which 
shows a favorable development trend and foreground 
of market application. Moreover, the social and 
economic benefits derived from this medicine will 
be promising. 

which is a precious and classical prescription in our 
medical world.

Shuang-bai powder is much more effective in 
treating diseases, such as acute soft tissues injury, 
phlebitis, cancer pain and pressure sore (7). When 
applied, traditional powder needs a temporary 
allocation. 

Shuang-bai powder is considered efficient in 
clearing away heat and detoxifying, detumescence 
and abirritation, dissipating stasis and activating the 
blood circulation according to the traditional Chinese 
medicine (TCM) theory. This prescription includes 
the external application of rhubarb so as to clear heat 
from blood and dissipate stasis (9). Phellodendri 
Amurensis Cortex, the major herbal medicine in 
this prescription, clears away heat and eliminates 
dampness, detoxifies and heals ulcers and dissipates 
stasis (10). However, the production of cataplasm is 
complex and tedious, which makes the application 
inconvenient. Moreover, it consumes too many 
medicinal materials (8).

Shuang-bai powder has many advantages, for 

Fig. 2. TLC chromatogram of Phellodendri Amurensis 
Cortex. 1-3 refer to the Shuang-bai cataplasm test sample; 
4 refers to the Phellodendri Amurensis Cortex control 
medicine; 5 refers to the berberine hydrochloride control 
sample and 6 refers to the Phellodendri Amurensis Cortex 
negative control.
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the effective parts of its single herb. Pharmacology 
and Clinics of Chinese Materia Medica 2011; 
27(2):118-21.

6.	 Xu ZW, Liu XB. Collection and academic features 
of prescriptions from famous doctors in Guangzhou 
area. Journal of Guangzhou University of Traditional 
Chinese Medicine 2009; 26(5):488.

7.	 Shi QH, Cheng L, Chen GF, Zhang NH, Gao HL. 
The effect of acupoint catgut-embedding therapy 
combined with the external application of Chinese 
traditional medicine Shuang-bai powder on 40 
patients with cancer pain. Jiangxi J of Traditional 
Chinese Medicine 2014; (4):21-4.

8.	 Chang ZR, Li J, Fu XT. Qualitative and quantitative 
methods for xuanji huapi plaster. Chinese Traditional 
Patent Medicine 2012; 34(10):1919-25.

9.	 Song HZ, Li SJ, Yu J, Dong SZ, Ouyang F, Qiu LH, 
Huang Y. Clinical examples of external application 
of rhubarb licorice root decoction in treating tinea 
pedis from Professor Huang. Modern Traditional 
Chinese Medicine 2012; 32(2):7-8.

10.	 Zhang JH, Wang WN, Liu YX, Wang YN, Pei YH, Liu 
XQ. Influence of salt processing on the dissolution of 
com positions from phellodendri amurensis cortex. 
J of Shenyang Pharmaceutical University 2012; 
29(7):551.

11.	 Guo MH, Song YX, Liu SP, Hu BR, Ma YY, Li XH. 
Study on skin toxicity of liuwei qiangu cataplasms. 
China Pharmacist 2014; 17(7).

This study proved that Shuang-bai cataplasm 
produced no irritation on the intact skin and defected 
skin of rabbits, and no acute toxicity on the intact 
skin and defected skin of guinea pigs, as well as no 
extreme allergy on the skin of human beings. These 
findings all suggest that Shuang-bai cataplasm is 
quite safe and effective with little skin irritation. 
Thus it is safe to say that it is of great worth for 
clinical use. 
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This study quantified the expression of Y-box binding protein 1 (YB-1) by the immunohistochemical 
method based on pathological paraffin block specimens of aspiration biopsy from patients with 
osteosarcoma to explore the influence and regulatory mechanism of YB-1 in osteosarcoma and its 
significance. Patients were divided into two groups with high and low expressed YB-1, and results 
showed that 7 cases (13.7%) and 18 cases (26.1%) were in level III, and 44 cases (86.3%) and 51 cases 
(76.9%) were in level IV respectively, and patients with high YB-1 expression quantity had higher 
malignant tumor degree (p=0.03). Moreover, the tumor necrosis rate induced by chemotherapy in the 
two groups were 21 cases (41.2%) and 38 cases (51.8%), respectively. By survival analysis, it was found 
that a 5-year overall survival rate of patients with high YB-1 expression and low YB-1 expression were 
61.2% and 76.6%, respectively (p = 0.054), and 5-year event free survival rates were 52.5% and 72.4%, 
respectively (p = 0.033). Furthermore, metastasis rate of high YB-1 expression and low YB-1 expression 
were 41.8% and 22.7%, respectively (p = 0.036), indicating that patients with high YB-1 expression had 
higher pulmonary metastasis rate. Through further study, we discovered that possibly miR-382 plays a 
regulatory role in YB-1 gene in osteosarcoma.
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LETTER TO THE EDITOR

Osteosarcoma, the most common primary 
malignant bone tumor, mostly occurs in children 
and adolescents, with a high invasiveness and 
early metastasis. About 20% of patients with 
osteosarcoma have metastasis (1, 2). The lung is the 
most common metastasis organ of osteosarcoma, 
which seriously affects the prognosis of patients 
with osteosarcoma (3, 4). The traditional treatments 
of osteosarcoma include amputation surgery, 

preoperative and postoperative chemoradiotherapy 
adjuvant treatment, etc (5, 6). Although researchers 
all over the world have carried out much relevant 
clinical and basic research on osteosarcoma over the 
past 30 years, an improvement in the prognosis of 
patients with osteosarcoma is still not forthcoming. 
While in the study on blood cancer, many patients 
achieved a lot of benefits by performing assessment 
before treatment, using molecular markers, and then 
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was: level III (25 cases), level IV (95 cases). Enneking 
staging were: stage A at level II (33 cases), stage B at level 
II (87 cases) respectively. Rates of tumor necrosis induced 
by chemotherapy were: 59 mild cases, 61 severe cases.

Reagents and instruments
YB-1 antibody (Santa Cruz Inc., America), Actin 

antibody (Sigma Inc., America), paraffin embedding 
machine (Leica Inc., Germany), optical microscope 
(BX41TF) (Olumpus Inc., Japan), Constant temperature 
drying oven (PHO50) (Experimental Instrument co., 
LTD, Shanghai, China), microsyringe (5 µl) (Zhenhai 
Glass Factory, Ningbo, China).

Correlation of YB-1 expression and clinical index in 
osteosarcoma tissue

Immunohistochemical staining was carried out on the 
paraffin sections, and the results were evaluated. Tan or 
brown cells presented positive; positive YB-1 was seen in 
the cytoplasm, in the cell nucleus and also in karyoplasm. 
Five different grades were defined according to the cell 
ratio after dyeing: colorless or light colored cells (<5%) 
zero, colored cells (>5% to 25%) 1 point, colored cells 
(>25% to 50%) 2 points, colored cells (>50% to 75%) 
3 points, colored cells (>75%) 4 points. Dyeing grades 
showing 0-2 points were low and 3-4 points were high.

Influence and expression regulatory mechanism of YB-1 
in osteosarcoma tissue

Cells were placed in Dulbecco Modified Eagle Medium 
(DMEM) containing 10% Fetal Bovine Serum (FBS), and 
were cultured in a humid atmosphere at 5% CO2 at 37oC. 
The cells were removed from the incubator when they 
grew from 80% to 90%, the medium was removed and 
they were rinsed with Phosphate Buffer solution (PBS). 
0.25% pancreatin was added and they were digested for 
1-2 min. The appropriate complete medium was added 
when cells became round and remained submerged. 
The cells were dried and then the cell suspension was 
equally divided into petri dishes. They were cultured in an 
incubator in a humid atmosphere with 5% CO2 at 37°C, 
for 2-3days.

Cells with 70%-80% convergence taken from the petri 
dishes were infected with plasmid. Part of the cell samples 
were removed from the medium 24 h after transfection. 
The cells were rinsed twice with PBS, digested with 
0.25% pancreatin, and suspended in complete medium 
containing 10% FBS. The number of cells was counted 
under microscope, and density adjusted to 2.0×104/ml. 
They were planted in a 96-well plate at 2000 cells per 
well, cultured in an incubator in a humid atmosphere 
with 5% CO2 at 37°C, and survival rate was detected. 
At the same time, colony-forming assay was performed 

developing individualized regimen according to the 
results of evaluation (7-8). Unfortunately, reliable 
prognostic markers are still needed in the treatment 
of osteosarcoma. There is much in depth research of 
occurrence, metastasis and drug resistant molecular 
targets of osteosarcoma, using advanced molecular 
biology techniques, currently being carried out. In 
addition, the application of gene therapy has a good 
prospect in the treatment of osteosarcoma. After 
large-scale sequencing of human genome, stem cell 
treatment has become the most dynamic, the most 
influential and promising disciplinary in the research 
field.

YB binding protein, a type of highly conservative 
multi-functional protein, participates in the 
regulation of transcription and metastasis. There 
are three kinds of YB binding proteins in humans, 
in which, Y-box binding protein 1 (YB-1), as one of 
the members of the cold shock protein family with 
highly conservative nucleic acid combined sequences 
in YBX1 genetic codes, is the most important one. 
Recently, with the constant increase of research on 
YB-1, abnormal expression of YB-1 protein was 
found in a variety of human tumors, playing an 
important role in occurrence, evolution, metastasis 
and multidrug resistance of the tumor (9). This study 
tried to clarify the role of YB-1 in osteosarcoma 
and its regulatory mechanism by molecular biology, 
cell biology and gene chip, in order to provide new 
methods for molecular diagnosis and prognosis of 
osteosarcoma.

MATERIALS AND METHODS

General materials 
One hundred and twenty patients who had well 

preserved biopsy tissue paraffin specimens and who had 
undergone aspiration biopsy in our hospital from 2005 
to 2012 were selected. They were diagnosed with highly 
malignant osteosarcoma, and received formal preoperative 
chemotherapy, excision and postoperative adjuvant 
chemotherapy. There were, 67 males and 53 females 
(mean age: 16.2 years), divided into two groups, with high 
and low expressed YB-1. The main anatomic sites were: 
thighbone (62 cases), tibia (22 cases), humerus (27 cases), 
pelvis (5 cases) and 4 cases with other sites. The tumor 
types were: mother cell osteosarcoma (72 cases), cartilage 
mother cell osteosarcoma (17 cases), fibroblast mother cell 
osteosarcoma (19 cases), angiotelectasis osteosarcoma (6 
cases) and 6 cases of other types. Histological grading 
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applying Hualian small RNA chip, and expression of 
mRNA of relevant gene was detected with quantitative 
fluorescence PCR. In addition, patients were followed up 
after postoperative adjuvant chemotherapy to evaluate the 
influence of YB-1 on prognosis of tumor.

Detection index
Cell survival rate, external cell migration ability, 

expression of relevant protein and the mRNA expression 
of relevant gene were detected.

Statistical analysis
Data analysis adopted SPSS 18.0 statistical analysis 

software, and measurement data were expressed with 
(%, x±s). In addition, mean value between the groups 
was compared by one-way analysis of variance (One-
way ANOVA), and pairwise comparison applied q test. 
Difference was considered to have statistical significance 
if P<0.05.

RESULTS

YB-1 expression
According to the immunohistochemical staining 

score, 120 cases of YB-1 expression in osteosarcoma 
tissue were absolutely positive. Of them, 55 cases 
(45.83%) had high YB-1 expression quantity (high 
YB-1 group), 65 cases (54.17%) had low YB-1 
expression quantity (low YB-1 group) (Fig. 1).

Highly expressed YB-1 group and lowly 
expressed YB-1 group had no statistical significance 
on gender, age and distribution of anatomical site. 
Histological grading of those two groups were: 
7 cases (13.7%) and 18 cases (26.1%) at level III 
respectively, 44 cases (86.3%) and 51 cases (73.9%) 
at level IV respectively, and patients with high YB-1 

and the clone that was over 50 cells was counted under 
microscope after 24-hour transfection. Then the plasmid 
(containing puromycin resistance gene) that expressed 
YB-1 and YB-1 shRNA was transferred into SaOS2 and 
LM-7 osteosarcoma cell line using Lipofectamin 2000, 
and cells were managed with puromycin (2ng/ml) after 
plasmid had been transfected for 36 h. Moreover, medium 
was changed once every three days, and then stable cell 
line was screened after two weeks. The medium was 
changed after 72 h and the total RNA extracted from 
cells was kept at -80°C. Relevant protein expression 
was detected with quantitative fluorescence and Western 
blot method. Furthermore, differential expression of 
microRNA (miRNA) in osteosarcoma tissue was tested 

Fig. 1. High YB-1 expression and low YB-1 expression in 
immunohistochemical staining.

Table I. Correlation of YB-1 expression quantity and clinical parameter.

Biopsy tissue of osteosarcoma patients
YB-1 High YB-1 Low

Clinical variables No. % No. % p
Total Patients 51 42.5 69 57.5

Histologic Grade 0.03
III 7 13.7 18 26.1
IV 44 86.3 51 73.9

Enneking Grade 0.77
II a 13 25.5 20 29.0
II b 38 74.5 49 71.0

Response to chemotherapy 0.02
GR 21 41.2 38 55.1
PR 30 58.8 31 44.9
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5-year event free survival rates were 52.5% (95%CI: 
39.8%-67.1%) and 72.4% (95% CI: 62.9%-85.5%) 
(p=0.033), respectively. Metastasis rates of patients 
with high YB-1 expression and low YB-1 expression 
were 41.8% (95% CI: 26.7%-57.7%) and 22.7% 
(95%CI: 3.7%-37.3%) (p=0.036), respectively. 
Therefore, the patients with highly expressed YB-1 
have higher pulmonary metastasis possibility and 
worse prognosis.

The promotion of YB-1 on invasion and migration of 
osteosarcoma cells

To detect the correlation of YB-1 expression and 
metastasis ability of osteosarcoma cells, this study 
measured YB-1 expression quantity in osteosarcoma 
cell lines with different metastasis abilities. The 

expression quantity had higher tumor malignant 
degree (p=0.03). Enneking staging was: 13 cases 
(25.5%) and 20 cases (29%) in stage A at level II, 
38 cases (74.5%) and 49 case (71%) in stage B at 
level II, and there was no statistical significance 
(p=0.77). Tumor necrosis rates of the two groups 
induced by chemotherapy were: 21 (41.2%) and 38 
(55.1%) mild cases respectively, 30 (58.8%) and 31 
(44.9%) severe cases respectively; the chemotherapy 
response of patients with low YB-1 expression were 
better, and the difference was statistically significant 
(p=0.02) (Table I).

Correlation of YB-1 expression quantity and 
prognostic parameter

The five-year overall survival rates of all patients 
were 69.5% (95%CI: 61.8%-79%), and 5-year event 
free survival rates were 62.4% (95%CI: 54.1%-
72.1%). Five-year overall survival rates of patients 
with high YB-1 expression and low YB-1 expression 
were 61.2% (95%CI: 49.3%-76%) and 76.6% (95% 
CI: 67.7%-89.6%) (p=0.054), respectively, and 

Fig. 2. Expression of YB-1 protein in high transferred and 
low transferred osteosarcoma cells.

Fig. 3. A) Pulmonary metastasis of SaOS2 cells after over 
expressing YB-1. B) Pulmonary metastasis of LM -7 cells 
after lowering YB-1 expression.

A

B
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well as limb-salvage technology, the overall survival 
rate of osteosarcoma is still poor. Five-year overall 
survival rate is about 65% (11). Through studying 
large samples, we find that clinical and pathological 
factors related to prognosis are as follows: tissue 
necrosis rate induced by chemotherapy, content of 
serum alkaline phosphatase, tumor histological type 
and grade, tumor size, pathogenic site and metastasis 
or non-metastasis and more. In addition, a lot of 
prognosis related molecular markers have been 
widely studied, but they are not all used in all clinical 
institutions, and as prognostic factors evaluating 
sensibility and specificity, there still exists a certain 
difference when compared with the requirements 
of clinical application. Therefore, exploring new 
molecular markers is still the focus of research on 
osteosarcoma.

This study combines the expression of specific 
molecules with clinical follow-up data with 
immunohistochemistry and PCR technology to 
verify the relationship of targeted molecules and 
occurrence, development of osteosarcoma, and 
metastasis and resistance mechanism, and explores 
in depth its mechanism by research means such as 
cell biology and molecular biology. It is not only 
beneficial to reveal the occurrence and development 
of osteosarcoma and metastasis and resistance 
mechanism, but also provides a fundamental basis for 
taking those molecules as diagnostic and prognostic 
markers. In the meantime, research on the mechanism 
of those molecules also shows how to effectively 
interfere osteosarcoma cell proliferation, metastasis 
and resistance through intervening on the molecules 
and pathways involved, which offers strong evidence 
for osteosarcoma molecular targeted therapy.

YB-1 coded by YBX1 gene, belongs to the cold 
shock protein super family, and this kind of protein 
includes one highly conserved DNA sequence motif 
combined with DNA and RNA. This sequence motif 
is located in a the cold shock domain made up of 65 
amidogens, and the pronucleus cold shock protein 
homology of the domain is more than 40% (12). This 
high conservation indicates that this kind of protein 
plays an important role in pronucleus and eukaryotic 
cells.

In recent years, studies have found that the high 
YB-1 expression and tumor progression relate to 
poor prognosis, thus more attention is paid to YB-1. 

results showed that YB-1 at mRNA level (Fig. 1) and 
protein level (Fig. 2) in high transferred LM-7 cell 
lines were significantly higher than other cell lines.  

The promotion of high YB-1 expression on pulmonary 
metastasis of osteosarcoma cells

Previous experiments indicated that YB-1 has 
the ability of enhancing metastasis of osteosarcoma 
cells; hence, this research further studied the 
influence of YB-1 on internal pulmonary metastasis. 
SaOS2 cells (Fig. 3 A) of high YB-1 expression and 
LM -7 cells (Fig. 3 B) of lower YB-1 were injected 
into nude mouse through caudal vein injection. The 
results show that high YB-1 expression significantly 
promoted pulmonary metastasis of SaOS2 cells, on 
the contrary, the pulmonary metastasis ability of LM 
-7 cells with naturally high metastasis was inhibited 
after the YB-1 expression was lowered.

Differential expression of miRNA in metastatic and 
non-metastatic osteosarcoma cell

Through analyzing the miRNA chips of two 
patients who had metastasis in early stage and 
drug resistance, and had no metastasis but obtained 
good therapeutic effect, we discovered that 23 
miRNA obviously declined in the samples of 
metastatic patients. Furthermore, we verified that 
the expression level of miR-382 and miR-30d in 
samples of osteosarcoma metastatic patients (n=6) 
and non-metastatic patients (n=6) using fluorescent 
quantitation PCR method. Based on the results, 
miRNA-382 expression presented obvious decline 
in samples of metastatic patients, but there was no 
change of miRNA-30d, and it also showed that it was 
miR-382 that plays a regulatory role in YB-1 gene in 
osteosarcoma.

DISCUSSION

Osteosarcoma, one of the most common 
malignant tumors in children and teenagers, accounts 
for about 20% of malignant bone tumor patients who 
are under 20 years of age, which is one of the most 
frequent reasons leading to child and adolescent 
death (10). Although the concept of neoadjuvant 
chemotherapy is known, a variety of multi-drug 
chemotherapy are being used and improved and 
extensive tumor resection is constantly advancing as 
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chemotherapy.
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	 It is already known that the conditions of increased oxidative stress are associated to a greater 
susceptibility to vascular malformations including cerebral cavernous malformations (CCMs). These 
are vascular lesions of the CNS characterized by abnormally enlarged capillary cavities that can 
occur sporadically or as a familial autosomal dominant condition with incomplete penetrance and 
variable clinical expression attributable to mutations in three different genes: CCM1(Krit1), CCM2 
(MGC4607) and CCM3 (PDCD10). Polymorphisms in the genes  encoding for  enzymes involved in the 
antioxidant systems such as  glyoxalase I (GLO I) and paraoxonase I (PON I) could influence  individual 
susceptibility to the vascular malformations. A single nucleotide polymorphism was identified in the 
exon 4 of GLO 1 gene that causes an amino acid substitution of Ala for Glu (Ala111Glu). Two common 
polymorphisms have been described in the coding region of  PON1, which lead to glutamine → arginine 
substitution at 192 (Q192R) and a leucine → methionine substitution at 55 (L55M). The polymorphisms 
were characterized in 59 patients without mutations in the CCM genes versus 213 healthy controls by 
PCR/RFLP methods using DNA from lymphocytes.  We found that the frequency of patients carrying 
the GLO1 A/E genotype among the case group (56%) was four-fold higher than among the controls 
(14.1%). In the cohort of CCM patients, an increase in the frequency of PON192 Q/R genotype was 
observed (39% in the CCM group versus 3.7% in the healthy controls). Similarly, an increase was 
observed in the proportion of individuals with the genotype R/R in the disease group (5%) in respect to 
the normal healthy cohort (0.5%). Finally, the frequency of the PON55 heterozygotes L/M genotype was 
29% in patients with CCMs and 4% in the healthy controls. The same trend was observed in  PON55 
homozygous  M/M genotype  frequency (CCMs  20% vs controls 10%). The present study aimed to 
investigate the possible association of GLO1 A111E, PON1 Q192R and L55M polymorphisms with the 
risk of CCMs. We found that individuals with the GLO1 A /E genotype, PON192/QR-RR genotypes and  
PON55/LM-MM genotypes had a significantly higher risk of CCMs compared with the other genotypes. 
However, because CCM is a heterogeneous disease, other additional factors might be involved in the 
initiation and progression of CCM disease. 
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PON 1(15). This also inhibits the production of the 
monocyte chemotactic protein-1 (MCP-1) by the 
endothelial cells (17). For these reasons, PON 1 has 
been considered an important mediator with anti-
inflammatory and antioxidants capacity.
	 In the coding region of PON1 gene, two genetic 
polymorphisms which change the paraoxon 
hydrolysis activity among individuals have been 
reported (18): Q192R which lead to glutamine → 
arginine substitution at amino acid 192 and L55M to 
leucine → methionine substitution at amino acid 55 
(19). Furthermore, the histological analysis of CCM 
showed the presence of cholesterol crystals around 
the vessels (18, 20), probably index of a wrong 
cholesterol efflux and of a hypothetical malfunction 
of PON1 (21-23). 
	 In our previous study, a CCM gene  mutation  
analysis  in a cohort of 40 Italian sporadic patients 
was performed and only four novel mutations were 
identified in 3 patients (24). Here, a case-control 
study on 59 CCM patients lacking CCM mutations 
and 213 healthy controls was performed to evaluate 
the possible relationships between PON1 and GLO1 
genes allelic variants and CCM  risk.

MATERIALS AND METHODS

Patients
	 A total of 59 CCM patients (39 male and 20 female) 
were recruited. All were negative for mutations and 
polymorphisms in the 3 CCM genes to coding exons 
and intron–exon boundaries sequencing  and Multiplex 
ligation-dependent probe amplification (MLPA). Twenty 
patients were recruited from previous screening  and 39 
during recent months. Patients with single or multiple 
malformations, but without known clinically affected 
relatives, were classified as apparently sporadic.
	 Clinical and neuroimaging information on the number 
and localization of CCM lesions was collected through 
direct interview and review of medical records. Lesions 
were single in 56 patients (95%) and multiple in 3 patients 
(5%). In 32/59 (54%) patients, lesions were located 
supratentorially; in 16/59 (27%) lesions were subtentorial 
and in 11/59 (19%), were supra/subtentorial. The data 
available did not reveal the existence of patients with 
skin, spinal cord, retinal, hepatic or vertebral lesions. 
Additional clinical data included: age of symptoms onset 
and neurological events classified in: headache, epilepsy, 
cerebral hemorrhages and focal neurological deficits.
	 Headache was reported in 12 patients, epilepsy in 

	 Cerebral cavernous malformations (CCMs) are 
vascular malformations characterized by abnormally 
enlarged sinusoidal channels, with a simple 
endothelial lining devoid of elastin and smooth 
muscle (1). CCMs affect up to 0.5% of the human 
population (2, 3), although only 20-30% of affected 
individuals develop symptomatic disease (4, 5). 
They have been reported in infants, children, and 
old people, but the majority of patients present with 
symptoms between the second and fifth decades.
	 The most common manifestations include 
seizures, recurrent headaches, hemorrhagic stroke, 
focal neurological deficits and also cognitive 
impairment, that may occur especially in the earliest 
onset presentation of the disease (2, 3). CCMs may 
arise sporadically or be inherited as an autosomal 
dominant condition with incomplete penetrance and 
variable expressivity. Sporadic cases usually present 
with a single lesion, whereas the familial forms  are 
characterized by multiple and evolutive lesions and 
are associated with mutations in three distinct loci: 
KRIT1/CCM1, MGC4607/CCM2 e PDCD10/CCM3 
(6-8).
	 Loss-of-function mutations in genes enconding 
CCM proteins causes destabilization of endothelial 
barrier function leading to increased vascular 
permeability (9-11). Experimental studies have 
clearly demonstrated that the homozygous loss of 
CCM genes is not sufficient to induce CCM lesions, 
suggesting that additional factors, relative to the 
neurovascular microenvironment, are necessary 
to cause CCM disease (12). For example, it is 
known that krit1 is involved in the maintenance 
of the intracellular reactive oxygen species (ROS) 
homeostasis to prevent the oxidative stress (13) like 
glyoxalase I (GLO1) (14) and paraoxonase I (PON1) 
genes (15).
	 With regard to GLO 1 a single nucleotide 
polymorphism was identified in the exon 4 of GLO 
1 gene that causes an amino acid substitution of 
Ala for Glu (Ala111Glu) (16). The presence of 
an additional acidic charge from the Glu residue 
was associated with a decreased enzyme activity 
which may cause accumulation of AGEs in cells 
or tissues. This decrease in the activity of GLO 
1 causes an accumulation of MG and glycation of 
High-Density Lipoprotein (HDL). The glycation 
of HDL also results in a decrease in the activity of 
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for 40 s, annealing for 30 s and extension at 72°C for 30 
seconds. The final extension step at 72°C was extended to 
10 minutes. The annealing temperature was optimized for 
each primer set. 

Genotyping
	 The three polymorphisms were characterized in CCM 
patients and in healthy controls. Genotyping of these 
polymorphisms was performed using polymerase chain 
reaction/restriction fragment length polymorphism (PCR/
RFLP) method. The C to A substitution in GLO 1 exon 4, 
which changes Ala111Glu in the encoded protein, leads 
to the loss of a recognition site for SfaNI (New England 
Biolabs GmbH, Germany) restriction enzyme. Single-
base substitutions in PON1 exon 3 and 6, which lead  
to the change of leucine to methionine  and glutamine  
into arginine, at positions 55 and 192, respectively, 
create recognition sites for Nla III (PON1/55) and  Alw1 
(PON1/192) (New England Biolabs GmbH, Germany) 
restriction enzyme. PCR products were digested using 
either SfaNI for 16 h at 37°C, Alw1 for 1 h at 37°C or 
NlaIII for 15 min at 37°C. The digested product was 
resolved by 2% agarose gel electrophoresis and the 
fragments were visualized under UV light after staining 
with ethidium bromide to identify the single base pair 
change. The expected DNA fragments, upon digestion, 
are listed in Table II.

Statistical analysis 
	 Analysis of the data was performed using the computer 
software SPSS for Windows (Version 6.0.1) and  Epi Info 

22, and cerebral hemorrhages in 8; 14 patients had focal 
neurological deficits, while 3 patients were asymptomatic. 
The mean age at onset of symptoms was 46.0±12.0 years 
(median: 47;  range: 20-65 years) (Table I).
	 The control group consisted of 213 unrelated, randomly 
selected, ethnically matched, healthy individuals, subjects 
of a previous case-control study on the possible role of 
GLOI and PON polymorphisms in multiple sclerosis (25). 
Demographic data on controls are summarized in Table I. 
Age at onset of symptoms of male vs female was matched 
in the CCM patients, as well as age of male vs female in 
the controls. Overall patient age at onset of symptoms 
versus overall healthy control age were matched. Table I 
indicates no significant differences (P<0.05). This study 
was approved by the Scientific Ethics Committee of 
the Azienda Ospedaliera Universitaria - Policlinico ‘G. 
Martino’ Messina. Informed consent was obtained from 
all patients and controls.

Molecular analyses
	 Genomic DNA was extracted from peripheral blood 
using the standard salting out method. DNA was extracted 
from lymphocytes by the salting out method (26). 
Nucleotide sequence of primers is shown in Table II.  PCR 
with a final volume of 50 μl, containing 50 ng of DNA, 20 
pmoles of each primer, 100 µM each of dNTP, 1.5 mM of 
MgCl2, 10 mM Tris-HCl pH 8.3, 50 mM of KCl and 1U 
of Taq DNA polymerase were performed in a Gene Amp 
PCR System 2700 (Life Technologies) at the following 
conditions: initial denaturation step at 94°C for 5 min 
and then 35 cycles consisting of denaturation at 94°C 

Table I.  Demographic and disease-related data on CCM patients and controls.

P </0.05 indicates significant differences. Statistical analysis was tested by the Student’s t-test. 
CCM: Cerebral cavernous malformations; SD: standard deviation
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Table II. Oligonucleotide primer sequences used for genotyping.

PON1 192Q/R, paraoxonase 1  Q192R; PON1 55L/M, paraoxonase 1 L55M; GLO1: glyoxalase 1;  F: Forward; R: 
Reverse;  base pair(s)

(Version 6.0.4).
	 For each group (control and patients), allele frequencies 
were calculated by direct gene counting. Deviations from 
the Hardy-Weinberg equilibrium (HWE) were tested by 
the χ2-test  on a 2x3 contingency table, with two degrees 
of freedom. Associations between the gene genotypes and 
the risk of CCM were assessed by odds ratios (Ors) and 
95% confidence intervals (CIs).
	 Ors express the relative risk (OR) of CCM with a 
specific genotype and are calculated by dividing the 
odds of a CCM having a specific genotype by the odds 
of a control subject having the same genotype. Estimates 
of statistical significance were calculated by standard 
χ2, analysis included Student’s t-test of means and the 
respective standard deviation (SD) for case and controls. 
A two-side probability value of <0.05 was considered to 
indicate statistical significance.

RESULTS

	 GLO1, PON 1 192, PON1 55 gene polymorphisms 
and the risk of CCM in healthy controls and CCM 
patients are given in Table III.   
	 For GLO1, the prevalence of the wild type GLO1 
A/A genotype was significantly lower (P<0.001) in 

the CCM group (13.5%) than in the healthy controls 
(37%). We also found that the frequency of patients 
carrying the A/E genotype among the case group 
(56%) was four-fold higher than among the controls 
(14.1%). For individuals with the E/E genotypes, the 
prevalence was found to be 1.6-fold lower among 
the CCM cohort (30.5%) compared with the healthy 
controls (49.3%) (P<0.0001).
	 Patients with the A /E genotype had a significant 
increase for CCM  risk (OR= 10.7, 95% CI= 4.4-
25.8, P< 0.0001) compared with the A/A genotype. 
Therefore, the presence of the E allele significantly 
increases the risk of CCM. This might be explained 
by the fact that the A to E substitution, due to the 
SNP, may determine conformational modification in 
the enzyme, leading to an isoenzyme with a lower 
detoxification capacity (16).
	 With regard to PON192, the prevalence of the 
wild type PON1 192 Q/Q genotype was significantly 
lower (P<0.0001) in the CCM group (56%) than in 
the healthy controls (96%). In the cohort of CCM 
patients, an increase in the frequency of PON192 
Q/R genotype was observed (39% in the CCM 
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Q=/glutamine and R=arginine at position 192 of the peptide sequence; 
L=leucine and M=methionine at position 55 of the peptide sequence

Genotypes with Q/R, L/M  and  A/E alleles, respectively. OR: odds ratios are calculated relative to subjects with the Q/Q, 
L/L and A/A genotypes, respectively CI: confidence interval Two-sided χ2 test;   p< 0.05 indicates statistical significance

Table III. Prevalence of GLO1, PON1 192, PON1 55 genetic polymorphisms and risk of CCM.

Table IV. Haplotype of PON1 gene frequencies in CCM patients.   
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CCM is a heterogeneous disease, further possible 
non-genetic mechanisms could influence the final 
phenotype of CCM, besides the oxidative stress (28, 
29). This hypothesis is supported by the fact that in 
our study, on GLOI A/E polymorphism, the frequency 
of patients carrying the E/E genotype was 1.6-fold 
lower than among the healthy controls. Exogen 
factors, environmental conditions, dietary habits, 
in combination with the potential susceptibility due 
to A/E polymorphism, possibly lead to the risk of 
CCM. Recently, endocrinological factors also were 
proposed as important in the pathophysiology of 
progression and/or worsening of vascular (and/or 
lymphatic) malformations (30, 31). 
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LETTER TO THE EDITOR

Pathological fractures are the most frequent 
emergencies in orthopaedic oncology (1). Ten to 
twenty-nine percent of metastatic patients have 
fractures (1, 2). Approximately 280,000 US adults 
are living with metastatic bone disease although 
the true frequency is probably underestimated. 
The prevalence of metastatic bone disease changes 
according to age and sex and becomes higher over 
the 5th decade (2). 

Metastatic disease particularly affects pelvis, 
spine and long bone (1-4). Femur, humerus and tibia 

are the most commonly affected long bones and 
induce a wide bone loss resulting in severe pain, 
disability and fracture (1-4).

Pathological fractures have a low healing rate, and 
reduce the prognosis and the quality of life, although 
improvements in the method of fixation have a better 
outcome than only radiotherapy and conservative 
treatment, providing a better pain control relief or 
return of limb normal function (1). Surgery is now 
recommended for intractable pain and impending or 
established pathologic fractures (1, 5, 6). Surgical 
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Nail (Standard or Antirotation) or Lateral Anterograde 
Femoral Nail (PFN, PFN-A or LAFN, respectively, 
Synthes, USA) inserted in a locked static mode after a 
closed or open reduction of the fracture. The diameter of 
PFN and PFNA was 10 mm, while LAFN changed from 
10 to 12 mm. One screw in PFN and PFN-A or two distal 
screws in LAFN were always inserted in a static mode. 
Acrylic cement was used to fill the bone cavity after PFN 
insertion to improve mechanical stability of the system; 
this was not necessary with PFN-A or LAFN stabilisation 
because the proximal diameter of the nail was selected to 
entirely fill the transverse diameter of the femoral lesion.

All patients with multiple metastasis and a tibial 
metadiaphyseal localisation were treated by the insertion of 
an unreamed static intramedullary locked nail. Lesions at 
the proximal tibia were treated by intralesional piecemeal 
removal, and filled with bone cement. In one patient the 
insertion of 2 Rush nails across the bone cement was used to 
obtain a stiffer construction. In one patient with metastasis of 
breast cancer, cement loaded with doxorubicine was used. In 
two locations at the proximal tibia secondary to thyroid and 
urothelial metastatic disease, a modular prostheses (Mutars 
System, Implantcast, Germany) was implanted. The latter 
patient (urothelial) had a contemporary involvement of the 
metaepiphyseal fibula as well as the proximal tibia: in this 
patient, before the implanting of a knee prosthesis, a wide 
proximal fibular and tibial resection including peroneal 
nerve, was performed. In the involvement of the distal tibia, 
treatment was differentiated according to the histotypes and 
the overall prognosis (life expectancy) of the patient. In a 
case with a bladder primary tumor and metastatic diffusion, 
treatment was curettage and cement with metal pinning. 
In another patient, where kidney was the primary tumor, 
distal tibial metaepiphyseal diffusion of the metastatic 
lesion was treated by the insertion of a locked anterograde 
intramedullary nailing, while the gap was filled with 
cement. Patients with fibular metastasis are not involved in 
the study because of the few number of cases.

Antibiotic therapy with third generation cephalosporin 
was administered from 2 h preoperatively to the third day 
postoperatively. Low-dose heparin was administered 
from the day of admittance to 30 days postoperatively. 
Additional treatment regimens, such as postoperative 
radiation therapy or preoperative embolisation, were 
recorded. In addition to demographic and primary 
tumor data, surgical and postoperative complications, 
hardware failure and survival rate were collected. Clinical 
outcomes focused on pain relief, postoperative mobility, 
and functional status using both the Eastern Cooperative 
Oncology Group (ECOG) and quality of life questionnaire 
for cancer patients treated with anticancer drugs (QOL-
ACD). All patients were evaluated at time of fracture and 
1, 3, 6 months after surgery. They were followed up for 

intervention aims to achieve local tumour control, 
durable stability, immediate reduction of pain, and 
acceptable function of the affected extremity and an 
early restoration of full weight-bearing as quickly as 
possible, minimizing the morbidity associated with 
the operative procedure and hospitalization (1, 5, 6).

The aim of this clinical study is a retrospective 
analysis on patient with lower long bone pathological 
fractures reviewed in terms of surgical strategy, 
quality of life, return to function and complications 
related to these procedures 

MATERIALS AND METHODS

We reviewed our previous analysis on patients with 
bone metastasis in lower long bone. From 1998 to 2010, 
more than 500 patients were treated at our institution for 
metastatic lesions involving the appendicular skeleton. 
Of these, we electively reviewed patients with lesions 
involving the lower long bones (femur, tibia) managed 
surgically. Exclusion criteria were open fractures, primary 
bone tumours, non-unions and lesions with uncertain 
diagnosis. Patients with fibular metastasis were excluded 
from the study because of the limited number of cases. 
Preoperative evaluation included cancer staging with 
total body CT scan, alternatively bone scan or positron 
emission tomography (PET)-CT was carried out to 
ascertain the primary tumor and the presence of visceral or 
multiple bone metastases. Primary lesions were identified 
in all patients before surgery. Preoperative blood samples, 
chest XR and biplanar XR of the affected long bone were 
carried out before surgery.  Surgical procedures were 
performed according to Capanna and Campanacci criteria 
(7) adjusted with reference to the Karnofsky general 
status scale (8). Indications to surgery were considered a 
complete or impending fracture, presence of intractable 
pain unresponsive to opioids, complete inability to 
walk because of pain, and more than 3 months of life 
expectancy. Biopsy was performed only on patients for 
whom the diagnosis of primary carcinoma had not been 
previously established.

In the patients with metastasis of thyroid and kidney 
carcinoma, neoadjuvant embolisation was performed to 
reduce intraoperative bleeding and an easy and accurate 
tumour resection. Tumour debulking or curettage was 
performed after open reduction when tumour extended 
widely in the soft tissues around the fracture. Surgical 
strategy was planned taking into account several factors, 
including size and site of the lesion, histology, and the 
presence of visceral metastasis.

All patients with pertrochanteric or diaphyseal 
femoral fracture were treated with a titanium Proximal 
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localization and surgeries are described in Table I.
The most common primary malignancy in total 

patients was carcinoma of the breast (25 patients, 
26.88%); in patients with femoral metastases the 
most common histotype was breast carcinoma with 
23 patients (28.75%) while in patients with tibial 
metastases it was lymphoma in 3 patients (23.01%). 

Sixty-nine patients (74.19%) had synchronous 
visceral and bone localizations at time of surgery.

In both groups of patients there were no 
pathological fractures after surgery and no implant 

at least 3 years or until their death. The median follow-up 
was 22 months.

The results obtained were analyzed using the student’s 
t-test and χ2 test; and verified with Fisher’s exact test. 
Significance was accepted at p < 0.05.

RESULTS

Ninety-three patients met inclusion criteria 
(50 male) with a mean age of 62.4 years (range 
39–81). Details of demographic aspects, histotype, 

Table I. Details of demographic aspects, histotype, localization and surgeries of patients.

Femur Tibia
Mean Age 61.2 70
n. 80 13 (1 bilateral)
Type of Cancer
Breast 23 2
Prostate 12 /
Lung 8 /
Colon 6 1
Thyroid 4 1
Kidney 2 3
Myeloma 16 1
Lymphoma 4 3
Bladder 3 1
Liver 2 /
Urothelial / 2
Localisations
Proximal 52 (65%) 5
Dyaphiseal 28 (35%) 6
Distal / 3
SURGERY
Nail PFN= 16

PFN-A=10
L-AFN= 54

7

PMMA Adjuvant Nail 8 1
Prosthesis 2
Curettage + PMMA 2
Rush/PIN + PMMA 3
ADJUVANT 
TREATMENT
Postoperative radiotherapy 80
Embolisation 6 4
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died within 12 months after surgery because of 
progression of the primary disease. The patients’ 
survival rate was 25% at 2 years and 15% at 3 years. 
In the tibial group the average survival time observed 
was different according to different histotypes. In 
6 patients it was approximately 6 months, in the 
haematological lesions it was 23 months and in a 
kidney lesion it was 5 years. Operating time, blood 
loss, length of hospitalisation and postoperative 
complications did not correlate with survival. 

failures, while in the femoral group 11 patients 
(13.75%) suffered from non-fatal DVT post-surgery, 
with no pulmonary embolism, 6 (7.5%) developed 
superficial wound infections and 2 (2.5%) developed 
pneumonia; in the tibial group there was only one 
case of superficial wound infection and one case of 
tumor relapse that required radiotherapy.

In the femoral group 76 patients had died at the 
time of review, with a mean survival of 10 months 
(maximum, 48 months). Forty-eight patients (60%) 

Fig. 2. Histogram showing QoL questionnaire results.

Fig. 1. ECOG Performance Status in total, femoral and tibial patients.

C. PERISANO ET AL.
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3 months after the index procedure, with an average 
score improving from 17% preoperatively, to 62% 
at 1 month, 66% at 3 months, and averaged 48% 
because of a worsening in mental and emotional 
aspects due to the progression of the primary disease. 

DISCUSSION

Advances in adjuvant and neoadjuvant therapies 
have recently improved the prognosis of cancer 
patients leading consequently to an increased 
incidence of skeletal metastases and subsequent 
pathological fractures of long bones (9). Twenty-five 
percent of lesions involving a long bone eventually 
evolve into a pathological fracture; conversely, a 
pathological fracture is the initial manifestation of a 
long bone metastasis in 10% of patients (10, 11). The 
femur, in particular the proximal femur, is the long 
bone most commonly affected by metastases (12-
14), instead the pathological fractures of the tibia as 
a result of a cancer localisation are quite rare, with 
an incidence ranging from 2.6% to 5% (15, 16) and 
normally the tibia is involved in a very advanced 
stage of the primary tumor (15).

Preoperative estimation of postoperative survival 
time is used to help select the best treatment for a 
pathological  fracture from a choice of a conservative 
treatment or an intramedullary nailing or other more 
aggressive surgical options, such as resection and 
reconstruction with tumor prostheses (1, 7, 14). 
Studies in the literature indicate that when patients 
live longer than 3 years postoperatively, there is a 
risk of nail failure with the possibility of reoperation 
(17). Surgery has to be considered as a treatment 
option in patients with a life expectancy of more 
than 3 months, for pain relief, to accelerate the 
mobilisation and to improve the quality of life (1, 
10, 11).

In the treatment of tibial articular lesions or when 
a fracture is located in the femoral head or neck, bone 
resection and prosthetic replacement is indicated, 
especially in solitary lesions and in histotypes of 
better prognosis (kidney and haematological cancer 
(14). Intramedullary nailing is considered for 
metadiaphyseal and diaphyseal fractures in patients 
whose tumor responded to radiation therapy and who 
have a short life expectancy (5, 6). In the proximal 
metaepiphyseal a good indication is the use of 

In femoral patients lung cancer appears to be a 
predisposing factor in reducing survival time than 
other histotypes and the presence of visceral or 
cerebral metastases is a negative prognostic factor.

All patients attained satisfactory pain relief, as 
gauged by postoperative use of analgesics. 74.2% of 
patients occasionally used non-narcotic analgesics, 
with excellent pain relief, while 25.8% used them 
regularly and narcotic analgesics occasionally with 
good pain relief.

In the femoral group, the mean interval to weight-
bearing was 4 days. In 3 months, 68 patients (85%) 
were able to walk with or without an aid, while in the 
tibial group  partial weight-bearing with 2 crutches 
was allowed 4 days postoperatively, except for the 
patient affected by bladder carcinoma with distal 
tibia lesion in which emptying and filling with cement 
and pins was performed, and in patients treated with 
modular prostheses in which weight bearing was 
allowed 5 days after surgery. 

This study showed an overall improvement 
in quality of life in all patients, confirmed also by 
the trend of the ECOG performance status and 
QOL-ACD (Fig.1, 2). The ECOG index showed an 
improvement of the patients’ general condition up to 
12 months after the index procedure, with an average 
score improving from 3.80 preoperatively, to 1.70 at 
1 month, 1.75 at 3, 2.30 at 6, 3.40 at 12, 3.70 at 24 
and 3.85 at 36 months (Fig.1) in femoral patients, 
while tibial patients showed an improvement in the 
general condition up to 6 months minimum follow-
up after the index procedure, with an average score 
improving from 3.75 preoperatively, to 1.90 at 1 
month, 1.80 at 3 months, and 2.50 at 6 months (Fig. 
1).

The QOL-ACD index showed an improvement 
of the patients’ general condition. In femoral patients 
the improvement was up to 6 months after the index 
procedure, with an average score improving from 
13% preoperatively, to 65% at 1 month and 81% at 3 
months (p = 0.0001) with 85% of patients able to walk 
without an aid (Fig. 2). At 10 months a worsening 
score was noted (43%), but was still statistically 
significant compared with the pre-operative value 
(p = 0.005), because of deterioration in mental 
and physical aspects, due to the progression of the 
primary pathology, with 48 patients dead by that time. 
In tibial patients the improvement was observed until  
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series; however, we usually implant unreamed 
intramedullary locked nail inserted in a static mode 
to reduce this risk (20). 

External bracing, radiotherapy, hormone therapy, 
biphosphonate therapy and radioisotopes can be 
performed in cases where life expectancy is less than 
3 months, in particular in tibia but also in femur (21).

In conclusion, the improvement of cancer 
patients’ estimated survival means that resection and 
endoprosthetic reconstruction can be considered as a 
preferable method of treatment for proximal femoral 
metastases in patients with good general fitness 
and life expectancy. Although there is a high risk 
of dislocations and infections, this method ensures 
major local tumor control, and complication rates or 
failure rates are not significantly higher compared 
with osteosynthesis, especially when the latter 
procedure is associated with curettage and adjuvant 
cement. On the other hand, the finding of multiple 
lesions besides the level of fracture, the low incidence 
of intra- and postoperative complications and the 
possibility of early mobilisation strongly support the 
use of intramedullary nailing for pathologic fractures 
located in the metadiaphyseal and diaphyseal regions 
in advanced-stage cancer patients. It is a suitable 
method for a stable fixation of inter/sub-trochanteric 
and shaft pathologic fractures and enables early and 
painless postoperative mobilisation and weight-
bearing, thus improving the quality of life.

There are some limitations that need to be 
acknowledged and addressed regarding the present 
study. The number of cases is small to make broad 
generalisations. Further empirical evaluations and 
larger series of patients are necessary to validate the 
present results, in particular in patients with tibia 
metastasis. However, we feel that provision of good 
mechanical stability of the affected segment in these 
patients is vital in order to achieve pain control, 
faster mobilisation and overall improvement in their 
quality of life.
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3.1% to 42% for the few patients with cancer who 
survive more than one year after fixation for femoral 
pathologic fracture (15, 17, 19).

No pulmonary embolism was seen in our 
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The recognition of the value of pain, especially in the pediatric population, has increased over the last 
decade. It is known that pain-related anxiety can increase perceived pain intensity. There are several 
different approaches to the treatment of pre-procedural anxiety and procedural pain in children. 
Melatonin, a neurohormone with the profile of a novel hypnotic-anaesthetic agent, plays an important 
role in anxiolysis and analgesia. This study investigated the effects of oral melatonin premedication to 
reduce anxiety and pain in children having blood samples taken. The investigations were carried out on 
60 children, aged 1-14 years, divided into 2 equal groups. Using a computer-generated randomization 
schedule, patients were given either melatonin orally (0.5 mg/kg BW, max 5 mg) or placebo 30 min 
before blood draw. Pre-procedural anxiety was assessed using the scale from the Children’s Anxiety 
and Pain Scales, while procedural pain used the Face, Legs, Activity, Cry and Consolability assessment 
tool for children under the age of 3 years, Faces Pain Scale-Revised for children aged 3-8 years and 
Numeric Rating Scale for children over the age of 8 years. Oral administration of melatonin before the 
blood withdrawal procedure significantly reduced both anxiety (p<0.0005) and pain levels than placebo 
(p<0.0002 for children under 3 years and p<0.0039 for children over 3 years). These data support the use 
of melatonin for taking blood samples due to its anxiolytic and analgesic properties. Further studies are 
needed to support the routine use of melatonin to alleviate anxiety and pain in pediatric patients having 
blood samples taken. 
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LETTER TO THE EDITOR

Procedures carried out with a needle are the most 
important sources of pain for children. Pain causes 
children to be frightened of needles and this leads 
children to unwillingness to have procedures such 
as having blood samples taken. Pain management 
in pediatric patients has great clinical importance 
and pharmacological and/or non-pharmacological 
treatments of pre-procedural anxiety and procedural 
pain are helpful (1). Melatonin has antioxidant, 

anxiolytic and sedative properties and plays an 
important role in the regulation of sleep and circadian 
rhythms (2-5). Among the broad range of effects 
attributed to melatonin, its role in analgesia emerges 
as important because of its clinical implications (6). 
Its potential anti-nociceptive and anti-inflammatory 
actions have been studied in an animal model of 
acute pain (7) and has been demonstrated in studies 
conducted on patients with extensive tissue injury 
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kg (max 5 mg) oral melatonin (Melamil®) or placebo (5% 
glucose solution) 30 min before blood drawing. Melatonin 
and placebo solutions were prepared by a pharmacist who 
was unaware of the study. The melatonin and placebo 
solutions were identical in respect to preparation and 
packaging and were indistinguishable; only a coded label 
was maintained to ensure the double-blind nature of the 
study. The patients received drugs via oral route by a 
blinded nurse. Other sedative or analgesic agents were 
not used. The data were obtained by interviewing the 
children, their parents and the observer.

Instruments
Pre-procedural anxiety levels were assessed for 

children over 3 years by a parent and a blinded resident 
using the Children’s Anxiety and Pain Scales (CAPS) (16), 
a well-established method for evaluating paediatric pain 
and anxiety (17). The CAPS is a 0 - 5 scale and consists of 
two sets. The first set includes five cartoon faces that range 
from a neutral expression (0 - no anxiety) to a frightened 
face (5 - severe anxiety), whereas the second set consists 
of five cartoon faces that range from a neutral expression 
(0 - no pain) to a suffering face (5 - severe pain). In this 
study, the first set was used for evaluating pre-procedural 
anxiety.

Procedural pain was assessed by different scales, 
according to the children ages. The FLACC (Face, 
Legs, Activity, Cry and Consolability) assessment tool 
was used to provide a simple consistent method of pain 
evaluation in non-verbal or pre-verbal children (18). 
This tool incorporates 5 categories of behaviour included 
in the acronym, each of which is scored from 0-2 with 
total scores ranging 0-10. The scale was used for children 
under 3 years of age. 

The Faces Pain Scale (FPS) was used for children 
under 8 years and the Numeric Rating Scale (NRS)for the 
participants over 8 years. FPS requires selecting a picture 
of a face that represents one’s pain intensity (19). They 
fall into two categories: drawings and photographs. Face 
scales may not require the ability to seriate or estimate 
quantities. Generally, children prefer face scales to NRS 
that estimates pain using numbers representing increasing 
pain severity (20). Both scores were between 0 and 10. 
The patients were asked about the average level of their 
pain during the medical procedures according to the pain 
score. Pain was evaluated 5 min after blood sampling 
by an investigator blinded to group assignment who 
performed all tests scoring in the post-procedure period.

Data analysis
All statistical analyses were performed using standard 

SPSS package (version 12.0 for Windows). Continuous 
variables are expressed as arithmetic mean (SEM), and 

and chronic pain, e.g., due to fibromyalgia, irritable 
bowel syndrome, and migraine (8-10). Despite the 
evidence from animals and adult humans studies, 
data are lacking on the use of melatonin for analgesic 
purposes in pediatric patients. 

Gitto et al. (11) demonstrated that melatonin 
has beneficial effects as an analgesic antioxidant in 
preterm newborns subject to painful procedures, such 
as endotracheal intubation and mechanical ventilation, 
especially when an inflammatory component is 
involved. Melatonin administration has been found to 
raise pain thresholds (12). However, little is known about 
the short-term anti-nociceptive effects of melatonin on 
acute procedural pain. The positive relationship between 
anxiety and pain is a common experience in the clinical 
settings and it is known that pain-related anxiety can 
increase perceived pain intensity (13). Pre-procedural 
anxiety, assessed as pre-procedure anxiety, also impacts 
pain perception. In the paediatric population, melatonin 
has been successfully used in the treatment of anxiety 
associated to sleep disorders (14).

The objective of this randomized, double-blind 
clinical study was to investigate the possible effect 
of oral melatonin in comparison with placebo on 
children having blood samples taken, evaluating its 
efficacy for alleviating anxiety and pain.

MATERIALS AND METHODS

Subjects
The present study was a double-blind, placebo-

controlled, randomized, clinical trial with the aim of 
assessing anxiety and pain levels of children subjected to 
medical procedures, such as having blood samples taken. 
Children, aged 1-14 years, who required blood tests were 
enrolled at the Pediatric Department of University Hospital 
of Messina, Italy, over a 4-month period.. Exclusion criteria 
were patients with sleep disorders, neuro-developmental 
delay, on-going treatment with hypnotics or psychotropic 
drugs (including opioids) within a week before admission, 
daily analgesic treatment, corticosteroids. The study 
was conducted in accordance with the principles of the 
Declaration of Helsinki (15). The Institutional Review 
Board approved the study. Participation in this study was 
voluntary. The children and their parents enrolled were 
informed about the aims of the research. They were fully 
informed about the study protocol and provided written 
informed consent. A physician carried out the physical 
examination on each child. Using a computer-generated 
randomization schedule, patients were given either 0.5 mg/
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groups with respect to the demographic properties 
(age, body weight, and duration of performance). 
Demographic data and other clinical characteristics 
of the study subjects are reported in Table I. There 
were significant differences between melatonin and 
placebo groups in anxiety and pain scores after blood 
sampling; in fact, patients who received melatonin 
showed anxiety levels statistically lower than those 
treated with placebo (p<0.0005). In addition, the 
melatonin-treated children had significantly lower 
pain score than did the placebo controls (p<0.0039); 
moreover, pain was more significantly reduced 
in children under 3 years (p<0.0002). None of the 
children treated with melatonin indicated that their 
pain level during the last experience was greater 
compared with the previous experience during blood 
withdrawal. 

DISCUSSION

The principle goal of anxiolysis and analgesia is 

categorical variables were expressed as frequencies and 
percentages. Variables that were not normally distributed 
were transformed, as appropriate, by either logarithmic 
or square root transformations to satisfy normality 
assumptions. To compare the differences between the 
melatonin and placebo groups, the χ2  test was used for 
categorical variables and the independent sample  t-test 
for continuous variables. The paired  t-test was used to 
compare differences in the melatonin group before and 
after treatment. A two tailed p value less than 0.05 was 
considered statistically significant.

RESULTS

Sixty children 1-14 years old volunteered to 
participate in the study and were randomly assigned 
to melatonin (group M) or placebo (group P)(30 
per group). The distribution of male subjects was 
16/30 (53%) and 13/30 (43%), respectively, in 
melatonin and placebo solutions groups. All the 
participating subjects were of Italian origin. There 
were no significant differences between the two 

Table I.  Patient characteristics. 

Data are shown as percentage (%), and mean ± standard deviation (SD). 
CAPS: children’s anxiety and pain scales; FLACC: face-legs-activity-cry-consolability; FPS: faces pain scale; NRS: 
numeric rating scale.
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involved in this effect (31). In experimental studies, 
melatonin showed potent dose-dependent analgesic 
effects (32). The effects may be linked to Gi‑coupled 
melatonin receptors, to Gi‑coupled opioid μ 
receptors or GABA‑B receptors. Possibly, melatonin 
may augment GABA‑ergic systems and morphine 
anti‑nociception, enhancing GABA‑induced currents 
and inhibiting glycine effects (30). Melatonin also 
may enhance the levels of β‑endorphins and the 
anti‑nociception induced by delta opioid receptor 
agonists and could activate MT2 melatonin receptors 
in the dorsal horn of the spinal cord (22, 33). The 
analgesic effect of melatonin remains controversial 
as there were opioid-sparing effects or reduced 
pain scores in 5 studies, while 3 studies yielded 
contradictory findings (34).

The present study assessed the anxolytic and 
analgesic role of melatonin in painful procedures. 
Oral melatonin administered to children undergoing 
blood withdrawal significantly reduced anxiety and 
pain, when compared to placebo. Moreover, pain 
was more significantly reduced in children under 
3 years of age (p<0.0002 vs p<0.0039 in children 
more than 3 years), probably because the awareness 
of the painful experience can increase perceived 
pain intensity.

Currently, is well known that an adequate pain 
control is a fundamental right of every patient at 
any age and the American Academy of Pediatrics 
recommends that pain be recognized and treated more 
aggressively in paediatric subjects. Melatonin, based 
on its properties as an anxiolytic and analgesic, may 
provide beneficial effects in a variety of paediatric 
painful procedures. Equally important to point out 
is that no significant short- or long-term side-effects 
after administration of standard doses of melatonin 
in children have been reported (35, 36). Therefore, 
melatonin could serve as an effective and safe drug 
to control anxiety and pain perception.

This study investigated whether oral melatonin 
premedication would reduce the anxiety and pain 
levels of paediatric patients undergoing blood 
withdrawal. The results revealed that melatonin 
decreased the anxiety and pain scores in the 
treated children who received premedication with 
melatoninin in comparison to placebo, supporting its 
use in the treatment of anxiety and pain in children. 
Moreover, several studies showed that melatonin 

to prepare the patients to stay calm during painful 
procedures, avoiding harmful complications. 

The results of this study revealed that premedication 
with oral melatonin decreased anxiety and pain 
levels in paediatric patients between the age of 1-14 
years. Placebo (5% glucose solution) or melatonin 
(Melamil®) at the recommended dose of 0.5 mg/
kg (max 5) was administrated 30 min before blood 
sampling. The onset of melatonin-induced sedation 
in children is reported to begin approximately 20-30 
min after oral administration, and further elevated 
blood melatonin concentrations remain constant for 
approximately 1.5 h (21). Our findings support the 
anxiolytic effect of melatonin reported in previous 
studies (22), although some reports (23, 24) claimed 
that melatonin premedication failed to reduce 
anxiety in elderly and anxious children undergoing 
surgery. The difference between these results might 
be explained by differences in populations (age, 
gender, types of medical procedures, and different 
pain scores of our patients) or methodologies. In 
the present study, children of both groups were 
comparable for age and clinical conditions, and all 
underwent the same medical procedure. 

The anxiolytic properties of melatonin were 
demonstrated to involve the non-selective MT1/MT2 
receptor (25, 26). Pharmacological studies targeting 
MT2 receptors suggest the mechanism by which the 
indolamine modulates anxiety involves this receptor. 
Animal models showed that the administration of 
UCM765, a selective MT2 receptor ligand, reduced 
anxiety at a dose of 10 mg/kg (27). Considering the 
involvement of the MT2 receptor in modulating 
anxiety levels, this receptor may become a novel 
target for the treatment of anxiety disorders. It has 
also been demonstrated that the anxiolytic effect 
of melatonin occurs following the activation of the 
GABAergic system through the mutual interaction 
between GABA and MT2 receptors (28). In fact, 
melatonin produces marked dose-dependent 
increases in GABA concentrations in the central 
nervous system (29).

The precise mechanism underlying the analgesic 
effect of melatonin however, has not been clarified. 
The analgesic action has been shown potentially 
to involve MT1 and MT2 receptors present in the 
spinal cord and various brain regions (11, 30). One 
report also suggested that the opioid system may be 
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can be administered in large doses with very low 
acute toxicity or side effects (35, 36). Although the 
available data are encouraging, further studies are 
needed to recommend the routine use of melatonin 
as an efficacious anxiolytic and analgesic drug for 
medical painful procedures in children.
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Mixed dentition analysis forms a critical aspect of early orthodontic treatment. In fact an accurate 
space analysis is one of the important criteria in determining whether the treatment plan may involve 
serial extraction, guidance of eruption, space maintenance, space regaining or just periodic observation 
of the patients. The aim of the present study was to calculate linear regression equations in mixed 
dentition space analysis, measuring 230 dental casts mesiodistal tooth widths, obtained from southern 
Italian patients (118 females, 112 males, mean age 15±3 years). Student’s t-test or Wilcoxon test for 
independent and paired samples were used to determine right/left side and male/female differences. On 
the basis of the sum of the mesiodistal diameters of the 4 mandibular incisors as predictors for the sum 
of the widths of the canines and premolars in the mandibular mixed dentition, a new linear regression 
equation was found: y = 0.613x+7.294 (r= 0.701) for both genders in a southern Italian population. To 
better estimate the size of leeway space, a new regression equation was found to calculate the mesiodistal 
size of the second premolar using the sum of the four mandibular incisors, canine and first premolar as 
a predictor. The equation is y = 0.241x+1.224 (r= 0.732). In conclusion, new regression equations were 
derived for a southern Italian population.
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LETTER TO THE EDITOR

The amount of discrepancy between the total 
tooth material (mesiodistal width) present and the 
dental arch perimeter available to contain the teeth 
is probably the most critical estimate of any in the 
orthodontic diagnostic procedure (1, 2). Nowadays, 
three main approaches have been used to estimate the 
mesiodistal crown widths of permanent canines and 
premolars in mixed dentition patients: measurement 

of the unerupted teeth using radiographs (3, 4), 
the application of regression equations that relate 
the mesiodistal widths of erupted teeth to those 
of unerupted teeth (5, 6) and  combination of 
measurements from erupted teeth and radiographs of 
unerupted teeth (7, 8).

The approach by Moyer proposed a very simple 
and easy way to use regression scheme to predict 
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of the leeway space, another regression equation was 
found to predict the second premolar width, using the 
sum of the four mandibular incisors, the canine and 
first premolar as a predictor.r.

MATERIALS AND METHODS

By using methodology from a previous similar 
experience (14), we collected the dental cast models of 
230 consecutive subjects (118 females and 112 males, 
mean age 15±3 years) between 2006 and 2014, from a 
private practice in the city of Bari (Centri Odontoiatrici 
Specialistici). 

This work was carried out according to the 
recommendations of the Declaration of Helsinki, and all 
patients and parents gave informed consent. Patients were 
included in the study according to the following criteria :

•	 fully erupted permanent teeth in the mandibular 
jaw (except the third molar);

•	 absence of alterations in form, size and number;
•	 absence of inter-proximal restorations, fracture 

and caries, or age-related attrition in the measured teeth;
•	 no fractures or bubbles on the analyzed casts;
•	 no orthodontically treated patients;
•	 all Italian subjects, born and still resident in 

Puglia (southern Italy) for at least one previous generation.
All impressions and study casts were obtained with 

alginate and plaster models for high quality (orthodontic 
extra strong white stone 164-450-89 Orthosnow, 

mesiodistal widths of permanent canines and 
premolars on the basis of mandibular incisors widths 
using a statistical coefficient (r), called correlation 
coefficient (5). Coefficients of determination (r²) are 
indicators of predictive accuracy of the regression 
equations for y (the sum of mesiodistal widths of 
canine and premolars) based on values of x (the 
corresponding sum of mesiodistal widths of four 
mandibular incisors), that is, the proportion of the 
total variance of y, which is determined then value 
of x for each regression equation (6). Although 
a regression equation must have an r²-value of at 
least 0.5 to be clinically useful (7), the r² tends to 
overestimate the true reliability (8).

This method was developed on a Caucasian 
population, therefore the applicability of this method 
to populations of other ethnic groups has been studied 
and doubted (9-12). In addition, there has been some 
evidence of secular trends of changing dimensions 
of teeth, which may require progressive modification 
of mixed dentition analysis for different populations 
(13).

The aim of the present study was to calculate a 
regression equation, suitable for southern Italians 
which predicts the sum of the canine, first and second 
premolars  using the sum of the four mandibular 
incisors as the predictor. To better estimate the width 

Fig. 1. Study cast model of mixed dentition.
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correlation coefficient (ICC) was used to determine 
measurement consistency.

The values for each type of tooth were high 
(ICC=0.995, p=0.001 for incisors; ICC=0.958, p=0.001 
for canines; ICC=0.969, p=0.001 for premolars) 
indicating high measurement reliability and consequently 
all tooth measurements for the remaining 215 dental casts 
were performed only once. 

RESULTS

Statistically significant differences were observed 
in the sums of both the mandibular canine and 
premolar diameters (p=0.001) and in the widths of 
incisors (p=0.006) by gender, resulting that males 
seem to have teeth slightly larger (Table I).  

No statistically significant difference was 
observed between the left and right side in either 
gender, so the results of right and left summations 
were averaged. 

Table II presents the linear regression equation, 
the standard error of the estimate and correlation 
coefficients between the mandibular incisors and the 
mandibular lateral segments. Residual plots showed 
fairly even distribution of the residuals above and 
below zero, and the normal plots of the residuals 
were fairly straight. 

The predictive accuracy of the regression 
equation of the sums of the widths of the canine and 
premolars based on the values of the sums of the 
widths of the four mandibular incisors was better in 
females than in males. 

Analysis of variance (ANOVA) (F = 217.28 with 
1 and 229 degrees of freedom, with all statistically 
significant P values equal to 0.001) demonstrate  
that all variances due to regression were highly 
significant, so that it is unlikely that the relationship 
between the sums of widths of the four mandibular 
incisors and the sums of widths of the canine and 
first and second premolars in the linear model was 
due to chance. 

The percentage of observations having an absolute 
error (computed as the difference between observed 
and predicted values) greater than 1 mm was 13.00% 
(29/230), greater in males (17/112=15%) than in 
females (12/118=10%). The regression equation for 
the total sample is: y = 0.613x+7.294 (r= 0.701)

No statistically significant difference in the 
second premolar of the two sides was observed 

Dentaurum, Italy) which had been shaped using the Tweed 
technique (Fig. 1). A digital caliper (Mauser® A/08 10825 
Pforzheim, Germany) with an accuracy of 0.01 mm was 
used to measure each tooth (15), and to better adapt to the 
interdental space, the measuring tips were also narrowed. 
The mesiodistal widths of all the mandibular incisors, 
canines and premolars were measured, and the caliper 
was adjusted to the greatest mesiodistal diameter (contact 
point) of the teeth, parallel to the occlusal surface and 
perpendicular to the longitudinal axis (15, 16). Duplicate 
measurements were made 2 weeks later by a single 
investigator on 15 randomly selected dental casts.

Statistical analysis
On the basis of the study conducted on a northern 

Italian population (14) and hypothesizing a normal 
distribution of the predictor (sum of widths of the four 
mandibular incisors), with a precision of 0.15 mm in the 
estimate of such sum, a standard deviation of 1.16 mm 
and a confidence level of 95%, a number of at least 230 
casts was defined. All statistical analyses were performed 
using the SPSS software package (SPSS for Windows 98, 
release 16.0, SPSS Inc., Chicago, Illinois, USA). 

Descriptive statistics (mean, standard deviation, 
minimum and maximum values) were computed; 
normality of the distribution of the variables was assessed 
using the Shapiro-Wilk test. None of the p-values was 
greater than 0.05, for all the parameters except for the sum 
of the width of the incisors, and for the mean between the 
sum of the width of canine and first and second premolar 
of right and left arch. For these parameters, comparisons 
between genderes and arches were carried out by using 
t-test for independent and paired samples and for the other 
parameters comparisons between the genderes and arches 
were carried using Mann-Whitney U-test for independent 
samples or Wilcoxon test for paired samples. 

Correlation coefficients (r) and linear regression 
equations were constructed to evaluate the relationship 
between the sum of widths of the four mandibular incisors 
(independent variable) and the sum of the widths of 
the canine and first and second premolars (dependent 
variable). 

The constants of the models, the coefficients of 
linear determination (r2) and the standard error of the 
estimated (SEE) were computed and the significance of 
the difference between the correlation coefficients was 
computed by using Z- transformation of the coefficients. 

Significance value was a priori set at 0.05; accuracy of 
measurements was tested using Dahlberg’s formula (17), 
and the method error for the measurement of individual 
permanent teeth ranged from 0.01 to 0.03 mm with a mean 
of 0.004 mm (standard deviation=0.02 mm). 

For the intra-examiner calibration, intra-class 
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The predictive accuracy of the regression 
equation of the sums of widths of the incisors, canine 
and first premolar based on the values of the sums 
of widths of the second mandibular premolar was 
better in females than in males. Analysis of variance 
(ANOVA ) (F = 260.33 with 1 and 229 degrees of 
freedom, and all statistically significant p = 0.001) 
indicated that all variances due to regression were 
highly significant, so that it is unlikely that the 
relationship between the sums of widths of the 
second mandibular premolar and the sums of widths 
of the incisors, canine and first premolar in the linear 
model was due to chance. 

The percentage of observations having absolute 
error greater than 0.5 mm was 6.09% (14/230), 
and was smaller among females (6/112=5.35%) 
than among males (8/118=6.78%). The regression 
equation for the total sample is: y=1.224+0.241x (r= 

by gender or between the sums of the mandibular 
incisors, canines and first premolar segments of 
the two sides, therefore the results of the right and 
left sides were averaged. Statistically significant 
differences in these mean values were observed by 
gender (respectively p=0.005 and p=0.001) (Table 
III), with the result that the males’ teeth are slightly 
larger than those of the females.

Table IV shows the linear regression equation, 
the standard error of the estimate and the correlation 
coefficients between the mandibular second premolar 
and the sum of mandibular incisors, canine and first 
premolar for each gender. Residual plots showed a 
fairly even distribution of the residuals above and 
below zero, and the normal plots of the residuals 
were fairly straight. 	

The correlation coefficients were not significantly 
different between males and females. 

Table I. Descriptive values for the sums of the four mandibular incisors and the mandibular canine and premolar segments.

GROUP N Summation Mean
(mm)

SD
(mm)

Min
(mm)

Max
(mm)

Combined 230 Mandibular incisors
Mandibular canine and premolars

23.55
21.72

1.59
1.39

18.90
17.85

28.40
27.10

Females 118 Mandibular incisors *
Mandibular canine and premolars **

23.27
21.34

1.44
1.06

19.60
17.85

28.40
25.35

Males 112 Mandibular incisors*
Mandibular canine and premolars**

23.84
22.13

0.16
1.41

19.60
18.85

28.40
27.10

SD: standard deviation;  *t-test=2.75, p=0.006, males vs females; 
** Mann-Whitney U-test=4187,  p=0.001, males versus females.

Table II. Regression parameters for prediction of summation of mesiodistal widths of the canine and second premolars 
in mandible.

Group Arch r a (mm) b SEE(mm) r2

Combined Mandible 0.701 7.294* 0.613* 0.991 0.491

Females Mandible 0.713 6.874* 0.621* 0.884 0.508

Males Mandible 0.670 8.773* 0.560* 1.053 0.449

SEE: standard error of estimates; *Significant at p=0.001

N. CIRULLI ET AL.
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subjects were evaluated who had been residents  in 
Puglia (southern Italy) at least from one generation 
and  referring  to the Dr. Cirulli private practice 
in  Bari. Obviously, the data collected in the 
present  study do not  represent  the southern Italian 
population in general, but can be considered 
representative of a certain population  of southern 
Italy. In fact, as reported by Rickards et al. in 1995 
(19), southern and central Italian populations, Greek 
and Aegean populations appeared very homogeneous 
and quite differentiated from the rest of Europe, both 
continental (including  northern  Italy) and south-
eastern, stressing the major impact of the heavy 
Greek colonization on the  genetic  pools of the 
circum-Mediterranean people.

Certainly, according to evidence-based dentistry 
(20), further investigation with a larger sample size is 
required to collect more representative odontometric 

0.732).

DISCUSSION

During the mixed dentition period, the mesiodistal 
dimensions of unerupted canines and premolars 
were extrapolated from measurements of the erupted 
permanent mandibular incisors using the Tanaka 
and Johnston prediction equations (5) or calculated 
using Moyers probability tables (6). It is essential to 
remember that tooth size varies in different ethnic 
groups and among genders, so prediction equations 
and tables specific to each population for both males 
and females must be made (14, 18). Consequentially, 
the different methods proposed for mixed dentition 
space analysis are relevant only for the population 
from which it was developed (13, 16). 

As previously reported, only Caucasian-born 

Table III. Descriptive values for the sums of the four mandibular incisors canine and first premolar and the mandibular 
second premolar. 

Group N Summation Mean (mm) SD (mm) Min (mm) Max (mm)

Combined 230 Mandibular incisors canine 
and I premolar

Mandibular II premolars

26.00

7.50

1.61

0.53

21.25

6.05

31.75

9.55

Females 118 Mandibular incisors canine 
and I premolar

Mandibular II premolars

25.57

7.40

1.45

0.50

21.25

6.05

30.30

8.65

Males 112 Mandibular incisors canine 
and I premolar

Mandibular II premolars

26.46

7.59

1.64

0.54

22.70

6.45

31.75

9.55

Table IV. Regression parameters for prediction of summation of mesiodistal widths of the incisors, canines and first 
premolar in mandible. 

Group Arch r a (mm) b SEE r2

Combined Mandible 0.732 1.224 0.241*** 0.361 0.535

Females Mandible 0.704 1.206 0.242*** 0.356 0.496

Males Mandible 0.735 1.712 0.244*** 0.370 0.541

SEE:  standard error of estimates;   ***Significant at p = 0.001
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data for southern Italians.         
In conclusion, the findings of this study provide 

southern Italian odontometric data which were 
previously unavailable. Validating studies need to be 
carried out to confirm the applicability and precision 
of the new regression equations proposed. 

REFERENCES

1.	 Musich DR, Ackerman JL. Am J Orthod 1973; 
63:366-75.

2.	 Nance HN. The limitations of orthodontic treatment; 
mixed dentition diagnosis and treatment. Am J 
Orthod 1947; 33:177-223.

3.	 Bull RL. Radiographic method to estimate the 
mesiodistal dimension of unerupted teeth. Am J 
Orthod 1959; 45:711-712.

4.	 de Paula S, Almeida MA, Lee PC. Prediction of 
mesiodistal diameter of unerupted lower canines 
and premolars using 45 degrees cephalometric 
radiography. Am J Orthod Dentofacial Orthop 1995; 
107:309-14.

5.	 Moyers RE. In: Handbook of Orthodontics. 3th ed. 
Chicago: Mosby Year Book; 1973: p. 370-1.

6.	 Tanaka MM, Johnston LE. The prediction of 
the size of unerupted canines and premolars in a 
contemporary orthodontic population. J Am Dent 
Assoc 1974; 88:798-801.

7.	 Hixon EH, Oldfather RE. Estimation of the sizes of 
unerupted cuspid and bicuspid teeth. Angle Orthod 
1958; 28:236-40.

8.	 Staley RN, O’Gorman TW, Hoag JF, Shelly TH. 
Prediction of the size of the unerupted canine and 
premolars in a contemporary orthodontic population. 
J Am Dent Assoc 1984; 108:185-90.

9.	 Al-Khadra BH. Prediction of the size of unerupted 
canines and premolars in a Saudi Arab population. 

N. CIRULLI ET AL.





ERRATA CORRIGE
In Vol. 29 No. 1, January - March, 

page 221, the authors names and affiliations should read:

Y. SUN1  DG. LI1,2,  Q. LI3   L. HUANG4,  Z. HE5,  F. ZHANG6 and CB. WANG7

1Department of Clinical Laboratory, the PLA General Hospital, Beijing, China; 2Department of Nephrology, 
Chinese PLA General Hospital, Beijing, China; 3Clinical Laboratory Center, Xiyuan Hospital, China Academy 
of Chinese Medical Sciences, Beijing, China; 4Department of Clinical Laboratory, the Fifth People’s Hospital 
of Chengdu, China; 5Beijing Center for Physical and Chemical Analysis, Beijing, China; 6Department of 
Clinical Laboratory, the PLA General Hospital, Beijing, China; 7Department of Clinical Laboratory,the PLA 
General Hospital, Beijing, China

page 159, the authors names should read:

L. WANG, GY. SHAN, XA. LIU and XY. SUN


