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Atherosclerosis and disease of graft implanted to bypass occluded coronary or peripheral arteries
are similar processes. Patency of implanted grafts is of paramount importance in respect to long-
term outcomes. Although few cell types participate in atherosclerotic plaque formation, macrophages
play a crucial role. In this article we review the fate of monocytes that infiltrate vessel wall following
endothelium damage, and then undergo transformation to macrophages (identified as CD68 positive
cells) and eventually lead to severe stenosis of vessel. Opposing biological activity of two subpopulations
of macrophages and their impact on plaque instability and its calcification is also presented. At the end
of this paper, a possible clinical significance of pre-existing, CD68 positive cell infiltration of vessel wall,

applied as aortocoronary grafts, is discussed.

Coronary artery bypass grafting (CABG)
as a method of choice in treatment of diffuse
coronary artery disease (CAD) was proved to be
sufficient to relieve angina and reduce the risk of
death from acute coronary syndromes (1). During
these procedures, surgeons harvest veins [usually
saphenous vein, (SV)] or other arteries [usually
internal thoracic (ITA) and/or, radial (RA)] to
bridge over severely stenotic or occluded coronary
arteries. The late outcome of CABG is determined
by the fate of implanted aortocoronary bypasses as
well as progression of atherosclerosis in the native

coronary arteries. It is estimated that 10 years after
primary surgery, the majority of arterial grafts are
patent while as many as 50% of venous bypasses
are occluded (2).

Changes in their walls are a consequence
of damage to the wall of the vessel that initiates
repair mechanisms in which the active involvement
is attributed to platelets (in early stages), smooth
muscle cells (SMCs), perivascular fibroblasts and
macrophages. In the current work we focused on
the importance of macrophages in the pathogenesis
of aortocoronary bypass disease.
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Macrophages

Tissue macrophages are derived from circulating
monocytes. The ultrastructural equipment of
macrophages, such as well developed Golgi
apparatus and lysosome, as well as folded cell
membrane forming a net of caveolae, is an example
of their adaptation to the functions — high phagocytic
activity and the ability for movement and migration.
The main function of macrophages is to maintain
tissue haemostasis. In response to the activation of
their surface and cytoplasmic receptors, macrophages
exhibit the ability for phenotypic polarity, both pro-
inflammatory (M1) and anti-inflammatory (M2) (3).

The differentiation of macrophages towards M1
subpopulation is carried out through typical activation
of these cells due to bacterial or viral infections, as
well as in response to tissue damage associated with
increased production of active forms of nitric oxide
(NO). The polarization of macrophages in the M1
direction is associated with their cytotoxic properties
and the ability to secrete proinflammatory cytokines
such as tumour necrosis factor a (TNFa), interleukin
(IL)-1, IL-6, IL-8, IL-12 and chemokines (4). M1
macrophages can also present antigens and activate
the responses involving Th1 and Th17 lymphocytes.

Macrophages exhibiting M2 phenotype are
activated through an alternative pathway and
usually exhibit the anti-inflammatory characteristics
observed in regeneration, atherosclerosis, cancer
or tissue fibrosis. M2 macrophages secrete
immunosuppressive cytokines such as 1L-10, 1L-4,
IL-13, transforming 3 growth factor (TGF B) as well
as fibrosis promoting factors, including fibronectin.

Macrophages in atherosclerosis

Atherosclerosis and aortocoronary bypass disease
are similar biological processes that ultimately lead
to a reduction in blood flow and organ ischemia. In
the case of heart, clinically, these disseases manifest
through the onset and/or progression of CAD, the
major form of which is acute coronary syndrome
(ACS) (5).

Atherosclerosis is a dynamic disease process
that often lasts for many years, beginning as a
defensive response of the walls of the vessel to
damage caused by mechanical factors (high blood
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pressure shearing forces), oxidative stress associated
with the excessive formation of free radicals, and
some infections or oxidized forms of low density
lipoprotein (LDL). Endothelial injury initiates the
processes of the immune response. Macrophages
present in the inner wall of the vessel are a constant
source of numerous chemokines, cytokines, growth
factors and proteolytic enzymes (6). They also
activate other cells, including T lymphocytes. This
activation eventually results in expression of E
selectin, adhesion molecules (VCAM, vascular
cell adhesion molecule), cell adhesion molecules
(ICAM, intracellular adhesion molecule) that
promote adhesion of circulating monocytes to the
surface of endothelial cells (7).

During transmigration through cell junctions
of endothelial cells and further through the
basal membrane, monocytes are converted into
macrophages. The most important role is played
by MCP-1 (monocyte chemotactic protein-1) along
with its receptor, CCR2 (C-C chemokine receptor
type 2) (8).

The differentiation of monocytes into
macrophages is associated with the emergence of
scavenger receptors (SRs) on their surface that allow
the uptake of modified LDL (mLDL) (9). Initially, this
is a beneficial phenomenon, as it reduces the harmful
effects of mLDL on endothelial cells and smooth
muscle. However, it eventually leads to unlimited
lipid absorption by macrophages. Inside the cell,
mLDL release free cholesterol, which then undergoes
esterification. Clumping of cholesterol esters, in the
form of lipid droplets within the macrophage cells
occurs, giving them a morphological form of so-
called foam cells, which, after disintegration, are a
source of extracellular deposits of cholesterol (10).

The active macrophages secrete also numerous
chemotactic factors and stimulate cellular response
involving Thl lymphocytes. In addition, the high
concentration of platelet-derived growth factor
(PDGF) and insulin-like growth factor (IGF),
secreted by macrophages, stimulates the SMC
migration from the middle membrane to the inner
membrane where they proliferate and transform from
contractile to synthetic phenotype (11). The synthesis
of extracellular matrix (ECM) proteins, i.e. collagen
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and proteoglycans, leads to the plaque increases.
Foam cells undergo apoptosis and their content
creates a necrotic or lipid core of the atherosclerotic
plaque, surrounded by compact fibrous cover.

Macrophage subpopulation and atherosclerosis
plate morphology

Both subpopulations of macrophages (M1 and
M?2) are observed in the process of atherosclerotic
plaque formation (12). M1 macrophages, with pro-
inflammatory properties, together with T lymphocytes
are usually identified within unstable plaque, in
which a relatively large lipid nucleus is covered
by a thin fibrous layer. Metalloproteinases, the
proteolytic enzymes produced by macrophages M1,
notably MMP2 and MMP9, accelerate degradation
of the connective tissue covering atherosclerotic
plaque. Rupture of the plaque activates the clotting
process, including the aggregation of platelets at the
site of damage, deposition of fibrin and formation
of a clot, that may lead to obstruction of the arteries
and ischemic events (13). The M2 phenotype
macrophages have anti-inflammatory properties and
their presence was demonstrated in stable plaques
with a relatively thick fibrous cover.

The antagonistic role of two macrophage
subpopulations is also disclosed in the plaque
mineralization that in the past was considered as
a passive process. However, in recent years it has
been shown that it is a dynamic, regulated and highly
structured phenomenon, with the macrophages
actively involved (14). The increasing concentration
of extracellular calcium is a potent chemotactic
factor that promotes the migration of macrophages
into the wall of the wvessel. Although both
subpopulations possess calcium binding receptors
on their surface (CaR, calcium-sensing receptor),
calcium ions activate antagonistic response. In
the case of macrophages M1, calcium dependent
activation results in the production and release of
IL-6, TNF-a and bone morphogenetic protein-2
(BMP-2), which contribute to the inflammation
and promotion of the calcification process (15). In
contrast, the M2 macrophages produce osteopontin,
contributing to the inhibition of the calcification
and, in addition, to the removal of hydroxyapatite

1057

deposits from the vessel wall (16). Thus, the
process of plaque mineralization is another example
where the plasticity of the macrophage population
is observed under the influence of the changing
conditions of the microenvironment. This could be
used in daily clinical practice. Vitamin D receptor
activator (VDRA), which has the ability to initiate
a change of the phenotype of the macrophages from
M1 to M2 under conditions of high concentration of
calcium ions, is a ligand that is especially promising
as a target of clinical research. (17).

Macrophages and graft failure

Maintenance of patency of vascular bypass
is a key indicator of sustainable therapeutic
success in cardiac and vascular surgery. Therefore,
identification and recognition of the role of cells,
whose activity can determine the proper structure and
function of the bypass is extremely important. The
main reason for the limitation of transplant patency
is the hyperplasia of its inner and central membranes
that is a prerequisite for the development of the
atherosclerotic process, which is the final cause of
obstruction (18). At the root of all the aforementioned
dysfunctions of the vessel lies a chronic inflammation
ongoing in its wall and macrophages are the main
‘players’ in regulating the course of inflammation
(19). It has been shown that changes in the inner and
central membranes leading to obstructive vascular
occlusion are accompanied by intensive migration
of macrophages into the wall of the vessel. The
involvement of macrophages in the above process
appears to be analogous to the role of these cells in
the process of plaque formation. However, studies
on the analysis of the effects of macrophages on the
dynamics of change in the transplant wall showed,
that not only the mere presence of these cells in the
wall of the vessel is important, but also their location
in the individual layers. It has been shown that the
presence of these cells in the inner membrane of the
saphenous vein can be treated as an indicator of early
transplant obstruction forecast (20).

Macrophages in carcinogenesis
Chronic inflammation is intimately associated
with carcinogenesis. Macrophages, the most common
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non-tumor cell type in tumor microenvironments,
play central roles in inflammation and participate
in tumor development. Macrophages seem capable
of producing the growth factors needed by at least
some cancer cells, and this can explain not only
the preferential growth of metastases in wounds,
but the promotion of carcinogenesis by wounding.
While pro-inflammatory M1 macrophages may
be cytotoxic to tumor cells, the anti-inflammatory
M2 macrophages are also involved in tumor
progression by fostering invasion, extracellular
matrix remodeling, angiogenesis, metastasis and
suppression of anti-tumor immune responses.
Tumor-associated macrophages, polarized toward
the phenotype M2 by several cytokines present in the
tumor microenvironment, activate the angiogenesis
process through the production of VEGF.

CONCLUSIONS

The process of atherosclerosis, like aortocoronary
bypass disease, is highly complex, involving a
number of cell lines and biologically-released active
substances. Some of the most important cells in the
process are macrophages. Although their emergence
in the early stages involves repairing the damaged
vessel wall, it further leads to uncontrollable thickening
and may cause the onset of clinical complications of
atherosclerosis, such as a myocardial infarction, stroke
or limb ischemia. However, not all lesions on the site
of atherosclerotic plaques can be evaluated negatively.
There is increasing scientific evidence that the some
of the effects, such as anti-inflammatory activities and
atherosclerotic plaque stabilizing action of the M2
macrophage subpopulation, are positive.
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Mast cells (MCs) are hematopoietic immune cells commonly found in adjacent to blood vessels in the lamina
propria of airway mucosa. They are important in allergic reactions since the cross-linking of their surface high
affinity receptor FceRI induces activation of these cells, and provokes the synthesis, degranulation and release of
inflammatory mediators including arachidonic acid-derived eicosanoids (de novo synthesized), stored enzyme
mediators, and inflammatory TH1 and TH2 cytokines, and chemokines. Interleukin (IL)-33 participates in
innate and adaptive immunity and inflammation and, acting on CD34+ cells, causes MC differentiation and
maturation. IL-33 is generated by activated immune cells, and activates MCs which degranulate and release
pro-inflammatory mediators. IL-33 is very important in mediating allergic inflammation and can be induced
by IL-1 beta. It is also called “alarmin” and is an inflammatory cytokine IL-1 family member, expressed from
mocytes and MCs, which binds its receptor ST2, provoking its release after cell damage. MC-derived allergic
compounds in response to IL-33 is critical to innate type 2 immunity. IL-37 is expressed by immune and
non-immune cells after pro-inflammatory stimulus. IL-37, an anti-inflammatory cytokine, binds IL-18Ra
and suppresses pro-inflammatory IL-1 beta released by activated immune cells such as macrophages. Here,
we hypothesize that pro-inflammatory IL-1 family member cytokines released by activated MCs, mediating
inflammatory allergic phenomenon, can be suppressed by IL-37.

Cytokines are proteins produced by different Interleukin (IL)-33 (formerly IL-1F11) is one of the
cells which mediate the communication of immune latest IL-1 subfamily members, mainly expressed
cells and inflammatory responses, including allergy. by immune cells including innate lymphoid cell 2
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(ILC2), and Th2 cells, and its involved in innate and
adaptive immunity and inflammation (1).

IL-33 is a 30 kDa cytokine which binds its specific
receptor ST2 derived from TLR/IL-1R super family.
ST2 receptor forms heterodimer with IL-1 receptor
accessory protein (IL-1RAcP) which both bind IL-
33.1L-33 is the ligand for the former orphan receptor
ST2, also called IL-1R4, and is mainly associated
with the TH2 immune response. The immature
precursor of 1L-33 is cleaved from caspase-1 that
produces mature and active 1L-33 released after cell
damage (2). Therefore, after cell injury or necrosis,
NF-kB, p38 and JNK are activated with released IL-
33 which is called “alarmin”.

IL-33 induces M2 macrophage polarization and
favors the production of cytokines/chemokines
in these and other cells. It is also a driver of type
2 immune cells in several inflammatory disorders.
IL-33 activates dendritic cells and also induces
polarization of Th2 cells, playing a role in type 2
diseases. In addition, it regulates innate immune
cells through the activation of monocytes and tissue
mast cells (MCs) (3).

IL-33 acts on CD34" cells participating in MC
differentiation and maturation. This cytokine is
stored in the nucleus and is mainly produced by
mononuclear cells, but also several other cells can
generate it, including MCs (Table I). In inflammatory
diseases, such as asthma and allergy, IL-33 drives
nucleus secretion, TH2 polarization, eosinophil
recruitment and provokes hyperplasia (4).

Table 1. IL-33 expression.

L. TETTAMANTI ET AL.

Moreover, 1L-33 is involved in many different
pathological conditions, such as cardiovascular
diseases, arthritis, infections, sepsis, atherosclerosis,
neurological diseases, cancer and allergy. MC-
released IL-33 plays a protective role versus
parasites, bacteria and virus infections. However, for
unclear reason, IL-1 release suppresses [L-33 (5).

Therefore, MCs express IL-33 ST2 receptor and
generate this cytokine which can activate MCs to
generate several cytokines such as IL-1, IL-2, IL-4,
IL-5, IL-6, and TNF, and also chemokines including
CXCL8, CCL1, CCL2, and CCL17, and probably
more (6). On the other hand, MCs are involved in
the maturation of IL-33 from the immature form. It
is interesting that chymase, an MC stored enzyme,
can degrade IL.-33 into inactive form, as if it were a
defensive response to the inflammatory insult.

Parasite infections mediate by MCs strongly
induces IL-33 mRNA expression in epithelial cells,
demonstrating a significant correlation between MCs
and IL-33. The main cells that 1L-33 can activate
are: MCs, macrophages, NK cells, granulocytes and
TH2 cells (7).

MAST CELLS

MCs are immune cells originating from human
cord blood CD34" cells which differentiate and
grow into MCs in the presence of stem cell factor
(SCF) and IL-6 (8). MCs are ubiquitous in the body
and represent one of the most important defensive

a) Cells that express IL-33 mRNA: macrophages, mast cells, epithelial cells, dendritic cells

b) Cells that express IL-33 protein: hematopoietic cells, macrophages, dendritic cells, fibroblasts,

adipocytes, smooth muscle cells, endothelial cells, bronchial cells, osteoblasts, epithelial cells,

hepatocytes

¢) IL-33 organ expression: stomach, skin, brain, lung, colon, liver, synovial tissue
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systems of our organism, in response to numerous
different antigens (9). MCs participate in innate and
adaptive immunity, and after activation they release
pro-inflammatory compounds including chemical
mediators, cytokines/chemokines and arachidonic
acid products (10). They can clearly respond to
allergens and therefore are involved in allergic
reaction and inflammation.

MCs express on their surface c-kit receptor, and
the high affinity receptor (K, 107" M) FceRI for
immunoglobulin E (IgE). The stimulation of FceRI
receptor leads to cascade activation of a mitogen-
activated protein (MAP) kinase cascade and a
phophatidylinositol-specific phospholipase C (PI-
PLCy) (11). The stimulation of mitogen-activated
protein (MAP) kinase family members, ERK,
JNK and p38, activates many transcription factors
including NF-kB, leading MCs to generate and
release inflammatory cytokines and chemokines,
PGD2, and leukotrienes LTC4, D4 and E4.

Allergy is characterized by the presence of

MURINE
IMMATURE MAST CELL
FceR
D117 Lin®
Histamine R4
ST2+
CD34
PGD,R*
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inflammation due to immune cells, where MCs react
with TH2 cells and are important elements to the
allergenic response (12). Therefore, inflammation
in allergic reaction is mediated by both innate and
acquired immune cells. Hence, 1L-33 induces MCs
to secrete Th2 type-cytokines such as IL-4 which
promotes TH2 differentiation.

At the intra-cellular level, IL-33 induces MyD88
which plays a critical role in TLR signaling and its
deficiency completely abolishes NF-kB and MAP
kinase bacterial activation. In addition, MyD88-
deficient mice are totally defective in IL-1 and IL-
18 cytokine production. Moreover, TLR4-mediated
response to LPS involves also MyD88 pathways
activating MAP kinases and NF-kB and, consequently,
inflammatory cytokine release (Fig. 1).

Toll interleukin-1 receptor (TIR) domain starts
with the MyDS88 signal, IL-1 receptor-activated
kinases (IRAKSs), and NF«B (13). When MyD&8
becomes phosphorylated, along with IRAKSs, it
generates a pro-inflammatory signal to the nucleus.

MAST CELL Allergen

év sT2 «—IL-33 «— Epithelia Cells

20

MyD88

IRAK1, IRAK4,
TRAF6

MAPK, ERK, NF-kB

cytokines, chemokines

|

ALLERGY, INFLAMMATION

Fig. 1. Murine mast cells derived from immature mast cells can be activated by ST, receptor through IL-33 generated
by epithelial cells stimulated by allergen. This effect leads to the production of MyD88 and the release of cytokines/
chemokine mediating allergic inflammation. MyD88 can be inhibited by IL-37 released from activated macrophages.
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Hence, MyD88 binds to the TIR domain and begins
the cascade of kinases leading to the activation of
NFkB and inflammatory cytokine production.

Stimulation of MCs with IL-33 induces also
cytokines IL-13 and IL-5, while activating cells
with anti-IgE results in a hyperproduction of IL-13.
Furthermore, there is a drastic up-regulation of the
chemokine CCR7 mRNA receptors after stimulation
of MCs with IL-33 or anti-IgE.

MCs express and produce IL-33 which drives
allergic diseases, causes inflammation and induces
gamma IFN in viral infections. Moreover, IL-33 plays
a role in skin inflammation and atopic dermatitis
(14). In this disease, the allergens stimulate the
epidermis that releases IL-33 which activates both
the MCs and the 2 innate lymphoid cells (ILC2)
which respectively produce IL-2 with activation of
Treg cells, and production of IL-5 and IL-13 which
stimulate allergic eosinophils. On this occasion, the
Treg lymphocytes go into clonal duplication and
produce IL-10 which inhibits the production of IL-5
and IL-13 (15).

IL-33 knock-out mice fail to express allergic
inflammatory reaction, showing that this cytokine is
decisive for the expression of atopic dermatitis (1).

After cell injury or necrosis there is the
activation of NF-kB, p38 and JNK with release of
IL-33 which exacerbates inflammation. Therefore,
cytokine IL-33 plays an important role in several
inflammatory diseases including allergy, asthma,
autoimmune diseases, rheumatoid arthritis, sepsis
and atherosclerosis (1).

IL-37

Previously, other cytokines, such as IL-10 and
TGF-B, were found to be anti-inflammatory. In
addition, IL-1 receptor antagonist (IL-1RA), acting
on IL-1 receptor down-regulates inflammation (16).

IL-37 is an important new inhibitor of innate
immunity and inflammatory IL-1 family members,
including IL-1f8, IL-18 and IL-33. IL-37 is also
decisive in acquired immunity since it has an effect
on T cells (17). IL-37 level increases in inflammatory
conditions, and is expressed and mainly generated
by immune cells, including circulating monocytes,

L. TETTAMANTI ET AL.

tissue macrophages, dendritic cells, tonsillar B cells,
and plasma cells (18).

Caspase-1 is a
processing enzyme responsible for the maturation
of IL-1f, IL-18 and IL-37 (19). Caspase-1 inhibitors
partially down-regulate IL-1, demonstrating that it is
not the only one responsible for the processing of IL-
37. IL-37 inhibits allergic inflammation induced by
TLR and its in vivo suppression leads to an increase
in inflammatory cytokines such as IL-1 (20). Mice
in vivo treatments with IL-37 effectively reduce
the infiltration of immune cells and inflammation
induced by IL-1, IL-6, and TNF (17, 21).

Allergic reactions are mediated by several
cytokines including IL-1, TNF and MC-released
IL-33. In these inflammatory reactions IL-37 has an
important potential inhibitory effect (22).

Dinarello et al. report that transgenic mice (IL-
37tg) expressing the human gene of IL-37 are less
likely to encounter inflammatory diseases (17).
Therefore, as the allergy mediated by cytokines is an
inflammatory disease, it is possible that IL-37 plays
a therapeutic inhibitory role (23).

However, more studies are needed to understand
the specific effect of IL-37 and its likely side effects.

fundamental intracellular
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The similarity between humans and pigs, when it comes to tissue morphology, makes Sus scrofa
not only a good research model, but also a potential source of cells for tissue engineering. Cell samples
obtained from the pig donor, could be influenced in vitro, in order to become a source of tissue material
for xenotransplantation, reconstructive and regenerative medicine. Significant amounts of data point to
especially major similarities in pig and human reproductive systems. Because of that, particular scientific
focus is centered on research concerning porcine COCs, theca and granulosa cells in primary cultures.
One of the aspects of the reproductive process, that is still largely undiscovered, is the interaction between
preimplantation blastocyst and maternal uterine tissues. In this study, we used molecular analysis
techniques, such as RT-qPCR and immunocytochemistry, to analyze the expression and distribution of
cytokeratin 18 and panCytokeratins 8, 18 and 19 and vimentin in porcine luminal endometrial epithelial
cells, coupled with analysis of their behavior in RTCA. The results have confirmed the presence of epithelial,
as well as stromal cell markers in the cells, varying in levels at different stages of culture. They have also
given insight into the modes of proliferation and differentiation of studied cells in in vitro culture, as well as
providing additional proof for the possible mesenchymal transdifferentiation of epithelial cells.

The phylogenetic similarity between humans and In most of the cases the research is concentrated on
pigs (sus scrofa domestica) has led to substantial the possibility of xenotransplantation and/or finding
use of this species as model in biomedical research. a source of tissue products applicable in cardiac

Key words: pig, uterus cells, cytokeratin, vimentin, real-time proliferation
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surgery or orthopedics (1). Much of the existing
data suggests several similarities in human and pig
reproduction concerning the structures involved,
cellular morphology and/or associated processes
and their regulations. Therefore, the research that
involves pig reproductive cells (oocytes), or embryos
may be a potential model for studying physiology
and pathophysiology of human reproduction (2, 3).

The primary culture of cumulus-oocytes
complexes (COCs), theca cells (TC) or granulosa
cells (GC) are frequently used as a model for research
of ovum maturation and development, as well as
the proliferation and differentiation of surrounding
somatic cells that build the structure of mammalian
antral follicle (4, 5). In our study, it was found
that GC real-time proliferation and differentiation
is associated with differential expression and
distribution of selected genes and proteins, such as
connexins and gonadotropin receptors (6). Moreover,
we used the porcine endometrial epithelial cell
model for studying expression and distribution
of progesterone receptors (classic nuclear and
membrane form, PGR, PGRMC1), during luminal
epithelial cell real-time proliferation. Recently, we
have shown that the value of proliferation index for
luminal epithelial cells differs significantly from GC
proliferation index, since luminal cells reach the log
phase after only 120-144 hours of in-vitro cultivation
(IVC) (7).

Uterine endometrial tissue is composed of
luminal, glandular and stromal epithelium. It was
found that vimentin is a marker of stromal epithelium,
while cytokeratin 8 (Cyt8) and 18 (Cyt18) belong to
luminal epithelium markers (8, 9). The expression
of cytokeratins has often been found in reproductive
tissues, such as the trophoblast and endometrial
glands (10). Therefore, it has been suggested
that they may display a significant role during
physiological function of uterus, such as proper
endometrial embryo recognition, implantation,
placentation and fetus development. Since it was
found that cytokeratins belong to the large family of
intermediate filaments that build the intracytoplasmic
skeleton in epithelial tissues, it is suggested that they
might form the structure and morphology of cells,
and may be involved in the processes of cell division
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and its regulation, cell differentiation and movement
(11, 12).

The interaction between growing embryo
(preimplantation  blastocyst) and  maternal
endometrium, on molecular level, is still an enigmatic
issue of mammalian reproduction. The movement,
as well as founding of implantation locations,
significantly determines proper fetus growth. Since
the cytokeratins may regulate the processes of cell
signaling and movement, it has been suggested that
they may be also involved in regulation of embryo-
maternal interactions in the endometrial tissue of
the uterus. The aim of this study was to analyze the
expression and distribution of cytokeratin CytlS8,
pan cytokeratin (PanCyt) 8, 18, 19 and vimentin
(Vim), in porcine luminal epithelial cells in primary
cultivation model.

MATERIALS AND METHODS

Animals

In this study, crossbred Landrace gilts (n=45) at the
age of about nine months, which displayed two regular
estrous cycles, were collected from a commercial herd.
All the animals were checked daily for estrus behavior
and were slaughtered after reaching the anestrus phase of
the estrus cycle. The uteri were then transported at 38°C
to the laboratory within 30 min.

Endometrial cells (ECs) selection and culture

After slaughter, the uterine horns were washed twice
with PBS (137 mM NaCl, 27 mM KCl, 10 mM Na HPO,,
2 mM KH,PO,, pH 7.4) and immediately cut into small
pieces (25-35 mg). Surface uterine epithelial cells were
surgically removed using sterile surgical blades. The
cell suspension obtained from this digestion was filtered
through a mesh to remove non-dissociated fragments
of tissue and then incubated with 0.05% collagenase I
(Sigma Aldrich, Madison, USA) for 25 min at 38°C in
a shaking water bath. Isolated cells were washed three
times by centrifugation (10 min at 200 g) with Dulbecco’s
modified Eagle’s medium (DMEM; Sigma Aldrich,
Madison, USA) supplemented with gentamicin (20pg/
mL) and 0.1% BSA. The resulting luminal epithelial cells
were filtered and washed three times by centrifugation (10
min at 200 g) with supplemented DMEM. The final pellet
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of luminal epithelial cells was resuspended in DMEM
supplemented with 10% fetal calf serum (FCS; Sigma
Aldrich, Madison, USA) and 10,000 U mL™" penicillin G,
10 mg mL™! streptomycin and 25 pg mL™! amphotericin B
(antibiotic antimycotic solution; Sigma Aldrich, Madison,
USA). The viability of the cells was 90 to 95%, as
judged by trypan blue staining (Sigma Aldrich, Madison,
USA). The cells were cultured at 38°C in a humidified
atmosphere of 5% CO,. The culture medium was changed
every 3 days.

In vitro endometrial cell cultivation using a real-time cell
analyzer

The recovered endometrial cells were transferred
into an E-Plate 16 of a real-time cell analyzer (RTCA),
(Roche-Applied Science, GmbH, Penzberg, Germany),
which consisted of an RTCA, an RTCA SP station, and
RTCA software. The cells were then cultured in 200 pl
of standard porcine culture medium that consisted of
Dulbecco’s Modified Eagle’s Medium (DMEM, Sigma-
Aldrich, USA) as mentioned above. The cells were
cultured for 0-168 h at 38.5°C under 5% CO, in air. The
cultivation medium was replaced every three days. After
each period of cultivation, the cells were treated with
trypsin (0.25% trypsin in a balanced salt solution, Sigma-
Aldrich, St. Louis, MO, USA), and the collected pool of
proliferating cells was used for RT-qPCR analysis. After
each cultivation period, the cell index (CI) was used to
evaluate the relative and quantitative changes in electrical
cell impedance. The cell status was determined using
RTCA software.

Confocal microscopy analysis of Cytokeratin 18,
panCytokeratin (8, 18, 19) and Vimentin expression and
distribution in porcine luminal epithelial cells

The luminal epithelial cells were transferred into an
X-well Lumox (94. 6150. 401, 4-well lumox Detachable,
Sarstedt AG & Co. KG). The cells were then cultured in
1 ml of standard porcine culture medium that consisted of
Dulbecco’s Modified Eagle’s Medium (DMEM, Sigma-
Aldrich, USA) as mentioned above. The cells were
cultured for 0-168 h at 38.5°C under 5% CO?2 in air. The
cultivation medium was replaced every three days. The
cells ware fixed using acetone-methanol (1:1) for 10 min
at -20°C and washed three times in PBS/PVP (0.2%).
To block nonspecific binding, samples were incubated
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in 3% BSA in PBS with 0.1% Tween 20 for 30 min at
RT. The luminal epithelial cells were incubated for 1 h
at room temperature (RT) with mouse monoclonal anti-
cytokeratin 18 antibody (DC10), with mouse monoclonal
anti-cytokeratin 8, 18, 19 antibody (ab 41825) and with
(ab 203406),
(purchased from Dako and Abcam, respectively) diluted
1:500 in PBS/1.5% BSA/0.1% Tween 20. After several
washes with PBS/0.1% Tween 20, samples with the
primary antibodies mentioned above were incubated
for 1 h at RT with fluorescein isothiocyanate (FITC)-
conjugated goat anti-rabbit IgG Ab and diluted 1:500 in
PBS/0.1% Tween20. Following washing in PBS/0.1%
Tween20, the luminal epithelial cells were stained with
0.1 pg/ml 4,6-diamino-2-phenylindole (DAPI; Santa
Cruz Biotechnology, Santa Cruz, CA, USA) in mineral

mouse monoclonal vimentin antibody

oil, mounted on glass slides in an antifade solution drop
and examined under an LSN 510 confocal system in a
Fluoview 10i microscope (Olympus). FITC was excited
at 488 nm with an argon laser, and emissions were imaged
through a 505-530 nm filter. All confocal microscopic
images were analyzed using Imaris 7.2 software (BitPlane,
Zurich, Switzerland).

RNA extraction from porcine luminal epithelial cells
Total ribonucleic acid (RNA) was extracted from
samples using TRI Reagent (Sigma, St Louis, MO,
USA) and RNeasy MinElute cleanup Kit (Qiagen,
Hilden, Germany). The amount of total messenger RNA
(mRNA) was determined from the optical density at
260 nm, and the RNA purity was estimated using the
260/280 nm absorption ratio (higher than 1.8) (Nano
Drop spectrophotometer, Thermo Scientific, ALAB,
Poland). The RNA integrity and quality were checked on
a Bioanalyzer 2100 (Agilent Technologies, Inc., Santa
Clara, CA, USA). The resulting RNA integrity numbers
(RINs) were between 8.5 and 10 with an average of 9.2
(Agilent Technologies, Inc., Santa Clara, CA, USA). The
RNA in each sample was diluted to a concentration of 100
ng/pl with an OD260/0D280 ratio of 1.8/2.0. From each
RNA sample, 500 ng of RNA was taken. The remaining
amount of isolated RNA was used for the RT-qPCR study.

Real-time quantitative polymerase chain reaction analysis
Total RNA was isolated from luminal epithelial cells
on each of the seven days of culture. The RNA samples
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were re-suspended in 20 pl of RNase-free water and
stored in liquid nitrogen. RNA samples were treated with
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Fig. 1. Real time cell analysis (RTCA) results, in different
time periods of primary culture, presented in form of a
line graph, with starting and ending cell index plotted on
a corresponding bar graphs. Each sample is drawn using
a different color on both of the graphs.
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DNase I and reverse-transcribed (RT) into cDNA. Real-
time quantitative polymerase chain reaction (RT-qPCR)
was conducted in a Light Cycler real-time PCR detection
system (Roche Diagnostics GmbH, Mannheim, Germany)
using SYBR® Green I as a detection dye, with target cDNA
quantified using the relative quantification method. The
relative abundance of CHRDLI1, FST, TGFBR3, SMAD4,
and ID1 transcripts in each sample was standardized to
the internal standards. For amplification, 2 pl of cDNA
solution was added to 18 pl of QuantiTect® SYBR®™ Green
PCR (Master Mix Qiagen GmbH, Hilden, Germany) and
primers (Table I). One RNA sample of each preparation
was processed without the RT-reaction to provide a
negative control for subsequent PCR.
Statistical analysis

One-way ANOVA followed by the Tukey post-test
was used to compare the RTCA quantification results. The
experiments were carried out with at least four replicates.
The differences were considered to be significant at *P
<0.05, **P <0.01 and ***P < 0.001. The statistical
calculations were applied to compare the results in each
investigated group to the highest normalized proliferation
index at each time point. GraphPad Prism version 4.0
software (GraphPad Software, San Diego, CA, USA) was
used for all statistical calculations.

RESULTS

RTC analysis showed a specific pattern of cell
proliferation, based on cell index analysis. The cell
index was almost unchanged for the first 90 hours.
Then, around hour 93, it started to rapidly increase.
The total increase in cell index varied between
the cell samples. However, every population’s
index rose. The results of specific time periods are
presented in Fig. 1.

Cells analyzed during RTCA, were subjected to
immunofluorescent staining, using specific antibodies
for CK18, pCK and Vimentin, with DAPI serving
as positive control. The results were analyzed using
confocal microscopy and are presented in Fig. 2.

As can be seen, intense, intracellular, extranuclear
luminosity can be observed in all of the tests and
time periods apart from 24th hour of culture when
detecting Vim. While in that case the fluorescence
is not observable easily, it is present, as confirmed
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Fig. 2. A) Immunofluorescence test results, with the primary antibody designed to detect CKI18. A-positive control
using DAPI; B-Results of CKI8 detection using FitC; C-positive control using DAPI, presented together with CK18
detection using FitC; D-negative control without the use of cytochrome; E-levels of fluorescence presented on a graph.
B) Immunofiuorescence test results, with the primary antibody designed to detect pCK. A-positive control using DAPI;
B-Results of pCK detection using FitC; C-positive control using DAPI, presented together with pCK detection using FitC;
D-negative control without the use of cytochrome; E-levels of fluorescence presented on a graph. C) Immunofluorescence
test results, with the primary antibody designed to detect Vim. A-positive control using DAPI; B-Results of Vim detection
using FitC; C-positive control using DAPI, presented together with Vim detection using FitC,; D-negative control without
the use of cytochrome; E-levels of fluorescence presented on a graph.
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by the fluorescence graph. These results confirm
the presence of all of the cellular antigens analyzed
throughout the culture period.

Additionally, the region of interest intensity of
fluorescence of specific antibodies was compared at
different time periods of primary culture. The results
are presented in the form of bar graphs in Fig. 3.

As can be seen on the graphs, most of the markers
present distinct patterns of fluorescence intensity.
CK18 is the most intense at hour 48, later stabilizing
at around half of the highest value, until the end of
observation. pCK was most fluorescent at hour 24,
with luminosity decreasing over 2.5-fold at hour 48,

160 CK18
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Fig. 3. Region of interest (ROI) fluorescence intensity
measurement results, presented as a bar graph for different
stages of primary culture.
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rising 50% at hour 72 and then stabilizing till the
end of observation. With regard to Vimentin, initial
fluorescence is very low, rising slightly at hour 48
and reaching its peak value, more than 5-fold higher
than initially, at hour 72. After the peak, the intensity
of fluorescence gradually decreases, stabilizing at
around 60% of the peak at the end of observation.

Finally, the levels of the studied markers were
analyzed using the RT-qPCR method. The results are
shown in Fig. 4.

As can be seen, at hour 48 the expression of all of
the markers fell, except from Vimentin, which rose
significantly. The levels of expression stabilized at
hour 72, with CK 19 exhibiting a major rise this time.
At hour 96, most of the genes retain their level of
expression, except for CK19 which presents a major
fall. Throughout the rest of the culture time, all of
the genes exhibited no major changes, apart from a
small but steady increase in expression.

DISCUSSION

The mammalian endometrium is composed of
several layers, which differ significantly in the matter
of tissue morphology. However, the physiological
properties of cells, isolated form distinct layers and
cultured in vitro, are not yet fully recognized. It is
suggested that cells cultured in vitro, characterized
by different morphology, have distinct biochemical
and metabolomic status. Moreover, isolating and
collecting the selected layers of endometrium, such
as luminal, glandular and stromal epithelium, still
brings difficulties. However, since the epithelial
and stromal endometrial markers are well defined,
a possibility exists to differentiate between cell
types, and/or tissue specimens cultured in vitro,
after immunohistochemical assays. Recently, we
investigated the gene expression and protein cellular
distribution of cytokeratins and vimentin, which
brings new possibilities to distinguish epithelial
and stromal origin of porcine buccal pouch mucosal
cells, cultured in vitro, during short-term, real-
time proliferation. Therefore, we may suggest that
the expression of cytokeratins, and/or vimentin, in
epithelial/stromal cells in vitro, is a good primary
culture model for recognition of cell origin, as well
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Fig. 4. Results of RT-qPCR analysis of relative levels of gene expression, with 24 h of culture serving as reference level, in
different periods of culture. VIM-Vimentin, CK 8-Cytokeratin 8, CK 18-Cytokeratin 18, CK 19-Cytokeratin 19.
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Fig. 5. Dissociation curves that confirm the specificity of the amplification products obtained in the RT-qPCR analysis.
A- Cytokeratin 8, B- Cytokeratin 18, C- Cytokeratin 19, D- Vimentin.
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as for distinguishing the subtle morphological and
biochemical properties of isolated cells.

A large number of luminal epithelial cells can be
obtained from porcine uterine horns during isolation,
which makes them a good source of those cells. The
most obvious in vitro challenge is to characterize
the epithelial cells and the layer from which the
cell population originates (13). For this purpose,
immunofluorescence studies, analysing expression
of vimentin and cytokeratin in epithelial luminal
cells, were performed. Primary cultured epithelial
cells were observed to show positive signals for
cytokeratin, while expression for vimentin in cells
increased with rut duration. Although the cells
morphologically retained endometrial traits during
7 days of culture, as well as after many passages,
they were positive for both the epithelial marker,
cytokeratin, and stromal marker, vimentin. It
has been repeatedly reported that epithelial cells
containing cytokeratin acquire vimentin during in
vitro culturing periods (14). Co-expression of both
epithelial and mesenchymal markers in vifro has
been explained as transformation of epithelial cells
into mesenchymal cells (15). It was also thought
that this transition correlates with a loss of contact
between cells that results from disaggregation of cells
during the epithelial cell preparation period (16). In
previous studies on endometrial cells, there were
reports of vimentin expression in in vitro cultures,
while trophoblasts maintained epithelial character
(17). However, this was on the side of the trophoblast,
not the epithelium of the uterus (18). With increasing
frequency transformational plasticity of epithelial
and endothelial cells is brought to light, which may
explain the increase in expression of vimentin during
subsequent days of cell culture (15).

In addition to these observations, a previous
study (19) also indicated that the development
of endometrial cells requires
communication, as well as interactions between
cells if pregnancy is to occur, suggesting that
communication between the uterine epithelial cells
should be studied not only by co-culture systems, but
also in flexible and dynamic cell environments.

Studies conducted on primary prostate epithelial
cell cultures have shown that primary luminal

biochemical
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cells have the ability to differentiate into luminal
cells. Molecular studies proved that distinct
transcriptomes of basal and luminal cells are also
found in the epithelial cell types, as well as in the
epithelial compartment and the underlying stroma.
Understanding such crosstalk could be instrumental
for understanding the normal development and
tumorigenesis of prostate (20).

Other reports expressed the
communication between epithelial and primary
luminal cells. The basal cells sense luminal factors,
creating a narrow body projection that can intersect
tight epithelial junctions. Studies on the structural
plasticity of basal cells in rat epididymis and vas
deferens during postnatal development, and their
modulation by androgens in adulthood by using
immunofluorescence techniques for cytokeratin 5,
showed that the primary cells are absent at birth,
which supports the theory that basal epithelium is
undifferentiated at birth (21). Moreover, sources
indicate that these basic cell extensions towards
lumen can intersect tight junction connections (TJCs)
to scan the lumen environment and pass their findings
on to neighbouring cells. This provides evidence for
the presence of communication between basal and
luminal cells (21).

As a part of the epithelial cytoskeleton, keratin is
important for the mechanical stability and integrity
of epithelial cells and tissues. It was found that
keratin is not simply statically present in intracellular
skeletal structures, but is highly dynamic. In addition,
some keratins also have regulatory functions and
are involved in intracellular signalling pathways,
e.g. stress protection, wound healing and apoptosis.
Furthermore, cytokeratin 8, 18 and 19 are major
factors in the protection of placental barrier and
trophoblast functions (11, 22). Cytokeratin 8 and 17
protect cells against apoptosis (12, 23), and play a
role in the regulation of protein synthesis and cell
size during wound healing involving intracellular
signalling pathways. Keratins, unsurprisingly, have
very different signalling functions outside of their
mechanical roles (9). Our studies show an increase
in the activity of cytokeratin 18 in the first 48 hours
and panCytokeratins (6, 8, 19, 20) in the first 72
hours of primary culture, which indicates strong

need for
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cell proliferation, increasing their number and size
necessary to form a suitable cellular layer. However,
expression of vimentin increases during the first 72
hours which, in turn, suggests the beginning of cell
differentiation and formation of mesenchymal cells.

The balance between epithelial and stromal
markers is very important in the diagnosis of cancer.
Vimentin is strongly positive in the mesenchymal
component, and intense staining of CK 14, CK19 and
pan-CK may be detected in the epithelium (10, 24).
Detailed knowledge on these biomarkers may help
in the detection and treatment of many diseases, not
only cancer.

Each cell is subject to a molecular time
measurement mechanism, controlled by a biological
clock that operates by means of a negative feedback
mechanism, based on levels of transcriptional
actuators and repressors, thus controlling behavior,
physiology and gene expression according to the
time of day. This results in a set of highly cyclic
transcriptional activities that peak at various phases
throughout the day, driving the rhythmic expression
of many other genes. Mechanisms that operate at the
post-transcriptional level affecting the daily RNA
matrix (mRNA) and protein kinetics are additional
factors contributing to the generation of differences
between cells (25). Our research shows high vimentin
gene expression at 48 h in the rtPCR study, with the
protein at its highest at 72 h, showing that differences
in organ-to-body translation efficiency can correct
the time of protein production from rhythmic mRNA,
and levels of core protein production, in accordance
with tissue specificity. In addition, the divergence of
gene expression is largely programmed at the level
of transcript abundance. The widespread differences
in translational efficiency between organs serve
to achieve greater consistency in the production
of protein between tissues. It is conceivable that
such translational compensation reflects selective
pressure to maintain exact protein levels instead of
mRNA levels (25).

On the other hand, the cell culture is exposed
to a number of stressful stimuli that disturb cell
homeostasis, and an important part of the coordinated
cellular reaction that occurs is the control of
protein synthesis. After restriction of nutrients or
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environmental stress conditions, mTOR signalling,
the main regulator of protein synthesis, is inhibited,
while the elF2a (eukaryotic initiator 2a) kinase
and GCN2 (general control nonderepressible 2) are
activated. Although they use separate mechanisms,
both are able to initiate a general closure of protein
synthesis, which is accompanied by specific mRNA
translations. This translational control induces an
adaptive response that allows cells to survive by
conserving energy and selectively inducing stress-
resistant proteins (26—28). In addition, the global
reduction of mRNA translation may also preserve
protein homeostasis (or proteostasis), preventing the
production of excessive amounts of proteins, some
of which may be undesirable for normal cellular
function. It has been shown that not only the internal
tendencies of aggregation proteins, but also their
high cellular levels can drive their aggregation into
non-functional and sometimes cytotoxic structures.
Although the cells have evolved, an extensive
network of proteolytic systems protects the integrity
of the proteome and provides proteostasis. The
functionality of these systems is triggered by stress,
aging or pathologies, which cause widespread
aggregation of the proteome that occurs under these
conditions (26, 29).
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Asthma is a respiratory disease that affects people of all walks of life, and is a hotspot of continuous
research, with significant manpower and resources invested in its study. Airway remodeling is an
important associated pathological change, and a mark of the irreversible damage produced by
asthma. It involves compositional and functional changes in the cells of the airway walls, leading
to reversible structural changes, and complicating treatment. Airway remodeling is mediated by
different inflammatory pathways which have been targeted for treatment, with good results. However,
given its complexity, systematic study of the pathogenesis of airway remodeling is still needed, and
additional targeted therapies are necessary. Macrolide drugs, such as erythromycin, azithromycin,
and clarithromycin, have antibacterial effects and also influence the cytokine secretion of macrophages
and T-lymphocytes. They have direct effects on a variety of cytokines, inhibiting inflammation and
reducing airway reactivity. In this study, we investigated the protective effect of azithromycin on airway
remodeling through the phosphoinositol-3 kinase/Akt/mechanistic target of rapamycin kinase/hypoxia-
inducible factor 1o (HIF-1a)/vascular endothelial growth factor (VEGF) pathway. We observed that
a long course of azithromycin could significantly reduce airway reactivity and ovalbulmin-induced
pathological alterations in asthmatic mice. Gene expression analysis confirmed that HIF-1a and VEGF
were significantly down-regulated following a long course of azithromycin administration.

Bronchial asthma is manifested by repeated
reversible episodic airway obstruction with ongoing
inflammation (1). Its pathogenesis is complex,
involving airway hyperresponsiveness (AHR),
inflammation, and remodeling, and remains
incompletely understood (2). Asthma prevalence has
increased over the last 20 years (3). Approximately
300 million people suffer from asthma worldwide,
and this number is predicted to rise to over 400
million in the next 10-15 years (4).

Airway remodeling is a pathological change that

marks the irreversible damage that asthma can cause
(5). The pathological changes result in limited airflow,
cause AHR, and increase the frequency of acute
attacks. At present, asthma treatments mainly inhibit
inflammation, limiting remodeling, but there can
be stark individual differences in treatment effects.
Therefore, research examining the mechanisms of
different treatments in particular types of asthma is
important for future individualized treatment.
Macrolide drugs can be used as immune regulators
indiffuse generic bronchitis, bronchial asthma, cough
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variant asthma, and chronic obstructive pulmonary
disease (6). In this study, we examined the effects
of azithromycin as it displays good gastrointestinal
tolerability, better tissue penetration, and a longer
half-life than other large macrolides, suggesting
higher compliance and effectiveness (7).

Phosphoinositide-3-kinase (PI3K) is a key signal
transduction enzyme involved in cell transformation.
PI3K activation is related to cell survival, migration,
cytoskeletal reorganization, and metabolism (8). The
overall effect of PI3K inhibition in vivo is determined
by opposing actions in different lymphocyte subsets
(9). PI3K and Akt activate mechanistic target of
rapamycin kinase (mTOR), a 289 kDa serine/
threonine kinase that regulates the synthesis of
protein involved in cell cycle progression and
mitosis (10) through a phosphorylation cascade
involving ribosomal protein S6 kinase and
eukaryotic translation initiation factor 4E binding
protein 1 (11). Hasaneenet et al. (12) found that
applying mechanical pressure to airway smooth
muscle induces hypoxia-inducible factor lo (HIF-
la)-dependent vascular endothelial growth factor
(VEGF) expression through the mTORpathway.
Cheng (13) found that inhibitors of PI3K/Akt/mTOR
signaling, such as wortmannin, and rapamycin, can
markedly decrease HIF-1a. Through high expression
and regulation of its target genes, HIF-1a influences
energy metabolism and vascular tension (14).
VEGEF is a main HIF-1a target molecule in anoxic
environments and by influencing VEGF expression,
HIF-1a is directly involved in angiogenesis (15). In
this study, we aimed to verify the effects of the PI3K/
Akt/mTOR/ HIF-1a/VEGF pathway on airway
remodeling and examine the effects of azithromycin
treatment.

MATERIALS AND METHODS

Study animals

Male BALB/c mice were purchased from the
Laboratory Animal Center, at Zhengzhou University, and
housed under standard conditions (ambient temperature,
(22+1°C); humidity, (60+£10%); with a 12-h light/dark
cycle) throughout the study. All mice were bred and
housed under pathogen-free conditions and maintained
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according to the recommendations of the National
Institutes of Health Guide for Care and Use of Laboratory
Animals (Publication NO. 86-23, revised 1985).

Study groups

Fifty mice (6-8 weeks old) were randomly divided
into five groups (n=10 each): control group containing
non-sensitized animals, an asthma group (sensitized with
OVA), a short-course azithromycin (AZM) group (OVA
sensitization plus short-course AZM treatment), a long-
course azithromycin (AZM) group (OVA sensitization
plus long-course AZM treatment), and a positive control
group (OVA sensitization plus budesonide treatment).

Chemicals, drugs, and reagent kits

OVA (grade I1I) and aluminum hydroxide (AI(OH),)
were obtained from Sigma-Aldrich Chemical Co., USA.
Azithromycin and budesonide were obtained from Pfizer
Pharmaceuticals Ltd. and AstraZeneca Pharmaceuticals
Ltd., respectively. Test reagent kits included an IgE
assay (ELISA) kit
(Express Biotech, USA). All other chemicals and reagents

enzyme-linked immunosorbent

used were of analytical grade.

Study design

On days one, and fifteen, mice were

intraperitoneally injected with 0.2 mL of a mixture

eight,

containing 20 pg OVA and 1 mg A1(OH)3 for sensitization.

Starting on day 22, the mice were subjected to 2% OVA
saline inhalation for 30 min every other day. The control
group was intraperitoneally injected with normal saline,
and administered saline atomization starting on day 22.

The short-course azithromycin group received 0.09
mg/g azithromycin by gavage, 30 min before each OVA
atomization, for 14 days; the long-course azithromycin group
was treated for 28 days. The positive control group was
treated with budesonide 2 min before each OVA atomizing
inhalation for 14 days

The lungs of the mice were harvested 24 h after
experimental completion. The mice were anesthesized
with ether and half of them were subjected to rapid
thoracotomy of the left lung. The tissue was frozen in
liquid nitrogen for reverse transcription-quantitative
polymerase chain reaction (RT-qPCR) and Western blot
analysis. The left atrium, and right ventricle were opened
for pulmonary artery catheterization to the right, and
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the middle lobe was quickly rinsed with physiological
saline, before 24 h fixation in 4% formaldehyde, graded
ethanol dehydration, and paraffin embedding. Sections (5
um) were subjected to hematoxylin and eosin (HE) and
immunohistochemical staining.

For the other half of the mice, the skin of the neck was
cut, exposing the trachea. After intubation, lavage was
performed three times, with 0.6 mL PBS, and the lavage
fluid was analyzed by cell counting and ELISA.

After HE staining, lung sections from the five groups
were compared by Masson and PAS staining by measuring
the thickness of the airway wall of smooth muscle layer
and submucosa as well as the collagen in the goblet cells
of phase-contrast.

AHR measurements

AHR to acetylcholine chloride (ACH; Sigma, St.
Louis, MO, USA) was measured by whole-body and
invasive plethysmography (Buxco Electronics Inc., NY,
USA). Twenty-four hours after the last OVA challenge,
mice were anesthetized with ether, and a tracheal tube was
inserted via a tracheotomy. The mice were then placed in
a whole-body phethysmography chamber and the tracheal
tube was connected to the ventilator for mechanical
ventilation with a tidal volume of 0.2 mL and a frequency
of 140 breaths/min. After 3 min of equilibration on the
ventilator, PBS containing increasing doses of ACH
(0, 3.125, 6.25, 12.5, and 25 mg/mL) was administered
through the ventilator with an ultra-sonic nebulizer. Lung
resistance (RL) was measured to express the change in
AHR (16).

Real-time polymerase chain reaction

Total RNA was isolated from lung tissue using the
QiagenRNeasyPlus Mini kit (Qiagen, USA) according
to the manufacturer’s protocol. RNA concentration and
purity were determined on a P 300 NanoPhotometer
(Implen, USA) and RNA integrity was examined by
formaldehyde agarose gel electrophoresis. RNA samples
(100 ng) were processed with a Qiagen RT-qPCR kit
(Qiagen, USA) according to the manufacturer’s protocol.

Total RNA was extracted with TRIzol, and the
TaKaRa reverse transcription kit was used to generate
cDNA, with a 10 pL reaction volume. The cDNAs were
combined with SYBR, Master Mix, and upstream and
downstream primers for RT-q PCR. All primers were
synthesized by TaKaRa Biotechnology (Dalian) Service
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Co. Ltd., and were designed based on the rat genes, as
follows: HIF-la: 5'/-AGCCGGGAACGTATCTGGA3',
5'"-TGGAAACTCACACGCCAGAAG3';
Vegf: 5'-TGATGTGCAAATTTCCGTTCC3/,
5'-CGAGACCACCTTATACCAGCGTTA3',
glyceraldehyde-3-phosphate dehydrogenase
(Gapdh): 5'-ATGGTGGTGAAGACGCCAGT-3',
5'-GCACCGTCAAGGCTGAGAAC3'. A Rotor Gene
2000 RT-qPCR system was used for amplification. Each
sample was assayed in triplicate. The reaction conditions
included a denaturation step at 95°C for 30 s, then 40
cycles of 95°C for 5 s, and 60°C for 20 s. The standard
solubility curve was analyzed, and the CT value of the
linear exponential multiplication phase was used to
calculate the initial copy number of the cDNA template.
In each sample, HIF-lo and VEGF expression was
measured along with that of the housekeeping protein
GAPDH. The CT values of the OVA and treatment groups
were compared to the CT values of the control group, and
relative multiples were obtained .

Preparation of tissue samples and histopathology

The left lungs of all animals were dissected
immediately after sacrifice, washed with ice cold saline,
blotted with filter paper, and fixed in 10% formalin
in saline for 72 h. Paraffin sections, (5-um thick) were
prepared by conventional methods, and stained with HE as
described previously (17). Each slice was counted by light
microscopy at 400x magnification on an IDA-2000 high
definition digital microscopic image analysis system, with
high expression of three horizons. The average optical
density of positive responses from the perspective of each
value was measured, using the average optical density of
three visual values to represent the relative VEGF and
HIF-1a expression in bronchopulmonary tissue.

Statistical analysis

For histopathological study, perivascular and
peribronchiolar inflammation scores were analyzed using
Chi-squared tests. Differences were considered significant

when < 0.05.

RESULTS

Establishment of a murine model of asthma
OVA mice had obvious activity, shortness of
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breath, and abdominal muscle spasms during the
modeling process, as well as incontinence, raised
fur, and slow, sluggish performance in some mice.
The AHR of the OVA group was significantly higher
than that of the control group (P<0.05). In addition,
the airways of OVA mice were infiltrated by a
large number of inflammatory cells, while mice in
the control group showed increased alveolar wall
integrity, thick airway epithelia, and no obvious
inflammatory cell infiltration.

Effects of azithromycin on airway inflammation in
asthmatic mice

Inflammatory cell infiltration was significantly
lower after azithromycin administration than in the
OVA group ( Fig. 2).

Effects of azithromycin on AHR to acetylcholine
chloride

Lung resistance (RL) was used to estimate
the effect of azithromycin on AHR to increasing
concentrations of ACH using whole-body invasive
plethysmography. As illustrated in Fig. 3, there
was no significant difference in the baseline RL
values of the different groups. RL increased dose-
dependently with ACH administration in all groups
except the control group, in which there was only
a slight increase. RL was increased in the OVA
group compared with the control group (P<0.05);
this increase was reversed by both budesonide and
azithromycin (P<0.05 vs the OVA group). There was
no significant difference between the budesonide and
short-course azithromycin groups, but long-course
azithromycin significantly reduced the RL compared
with budesonide or short-course azithromycin
(P<0.05, Fig. 3)

Total serum IgE levels

The serum total IgE level in the OVA group was
significantly increased compared to the control group
(P<0.05; Fig. 4). However, significant reductions
in serum total IgE were observed in mice treated
with budesonide and azithromycin. No significant
difference was observed between the budesonide
and short-course azithromycin groups, but long-
course azithromycin significantly reduced the total
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serum IgE compared with budesonide or short-
course azithromycin (P<0.05).

Determination of HIF-1a and VEGF expression in
lung tissue by RT-gPCR

Both HIF-lo and VEGF expression were
increased in the OVA group compared to the control.
These increases were almost completely inhibited by
treatment with budesonide and azithromycin (Fig. 5).

Determination of VEGF concentration in lung tissue
by ELISA

As shown in Fig. 6, the VEGF concentration
increased with OVA stimulation, but was decreased
by administration of budesonide and azithromycin.
Long-course azithromycin significantly reduced the
concentration of VEGF compared with budesonide
or short-course azithromycin (P<0.05).

PI3K, Akt, mTOR, and HIF-1a were detected in
mouse lung tissues by Western blot. Each protein
displayed significantly higher expression in the OVA
group compared to the control group (Fig. 7).

DISCUSSION

Airway remodeling involves subepithelial fibrosis
with collagen deposition, smooth muscle hyperplasia
and hypertrophy, increased mucus production,
submucosal gland and airway wall thickening, goblet
cell metaplasia, and neovascularization (18, 19).

Several researchers have studied the -effects
of different targets and compounds on airway
remodeling. The suppression of eosinophil-ASM
interactions via RGD-binding integrins attenuates
eosinophil-induced ASM remodeling in asthma
(20). House dust mite inhalation markedly increases
airway goblet cell numbers and epithelium and
subepithelial smooth muscle layer thickness. House
dust mite-induced airway inflammation, remodeling,
and Th2/Th17-type cell accumulation involves signal
transducer and activator of transcription 3 activation,
which can be prevented by C188-9 treatment (21).

In addition, an increasing number of studies
indicate that some older medicines may have
promising new functions as asthma treatments. Nuria
et al. (22) found that glycomacropeptide (GMP)
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Table 1. HIF-1a and VEGFmRNA expression in lung tissues of mice in each group.
control group Model group ﬁﬁgﬂrzgﬁ? ﬁzﬁgrgé?l}r’scein budesonide
HIF-1a 1 3.36+0.41 2.38+0.34 1.58+0.17 2.13+0.43
VEGF 1 2.01£0.18 1.91+0.17 1.39+0.14 1.724+0.21

Table I1. Comparison of VEGF content in BALF of mice in each group.

Azithromycin Azithromycin .
ng/ml control group Model group short course long course budesonide
VEGF 98.00+8 257.67+43.28 191.00+19.23 124.00+14.63 201.83+21.84
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Fig. 1. Experimental protocol for asthma murine model. OVA: ovalbumin; Alum: aluminum hydroxide, i,p.: intraperitoneal.
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possesses prophylactic effects in the development of
allergic asthma. Histological studies demonstrated
that GMP markedly inhibits eosinophil infiltration,
goblet cell hyperplasia, and collagen deposition in
lung tissue. Intranasal administration of rosiglitazone
can prevent not only airway inflammation but also
airway remodeling associated with chronic allergen
challenge. This beneficial effect is mediated by
inhibiting the toll-like receptor 4 and nuclear factor
kB (NF-kB) pathways (23). Chronic treatment with a
combination of low-dose tiotropium and ciclesonide
inhibited airway inflammation and remodeling in
a guinea pig model of chronic asthma, suggesting
that combined treatment with anticholinergics and
corticosteroids may have anti-inflammatory and anti-
remodeling activities in allergic airway diseases (24).

There are also many studies on plants and animals
extracts. For example, Yu et al. (25) demonstrated
that tHGA is an orally active compound that
prevents airway remodeling in a murine model of
chronic allergic asthma. The oral administration of
resveratrol effectively suppressed allergic airway
inflammation and remodeling in lung tissues. These
effects were mediated by suppressing TGF-B1
expression and downstream Smad activation in lung

tissues, as well as the epithelial-to-mesenchymal
transition in bronchial epithelial cells (26).

In conclusion, airway remodeling is a complex
process with many pathological characteristics,
and the aforementioned studies demonstrate that
remodeling is mediated by a number of different
inflammatory pathways, resulting in many
treatment options with good results. However,
systematic study of its pathogenesis is still needed
and additional targeted therapies are necessary.

Previous studies have demonstrated that
azithromycin treatment reduces airway epithelial
apoptosis by decreasing the Bax/Bcl-2 ratio and
caspase-3 level, thus ameliorating airway epithelial
injury, and decreasing airway remodeling (27).
The targeting of inflammatory pathways for airway
remodeling by azithromycin remains an active area
of study. Choi et al. reported that protein kinase Co
inhibition attenuated allergic airway inflammation
by suppressing the PI3K/Akt/mTOR/ HIF-1a/VEGF
pathway (28). However, this pathway had not been
investigated in airway remodeling, and the present
study aimed to investigate the possible protective
effects of azithromycin on airway remodeling
through this pathway.



Journal of Biological Regulators & Homeostatic Agents

Tolal IgE in serum (ng/ml)

AtpiNaGe Piok

r. e Mc o WE W Mo BH

ra e Mc Mo me N Mo BH

HIF-1a Amplification curve VEGF Amplification curve

Melt Curve

"

Dt g (-0}
Gt fugiati (-5%)

L

w“ o e na D - . e ne " - - = -
e -t
Temmibre 71 Trman )
M WE WO WD WT W WO WY h- Wb MC ML W W WO my

\ [l

HIF-1a Melting curveVEGF  Melting curve

HE TRNA

0 . Y s
1-control g, 2-model group: J-Azerrumygin shor aere Foomtat proun. SAoPd Bt I Ao Shor Colsind
A-AzEhremyEn ong courie §-budnsortn el imctbiiml s dbedsns

Fig. 5. mRNA of HIF 1a and VEGF were determined by RT-PCR.

1085



1086

300 *

250

~
=3
<

VEGF(ng/ml)

-
=3
=1

50

X.ZHAO ET AL.

&
&
&

Fig. 6. The content of VEGF protein in lung tissue of each group was measured by ELISA.

l ) }

i §

—— D P e wE— D]

e D D — A KT

| D S e || -
- D e — w— %
—— GRS NS S  oms— (]

-—— D et S SR

R
LA

8
\“\O& 6,00‘6
&

Fig. 7. Protein content of PI3K, Akt, nTOR, HIF-10. and VEGF in each group is shown by Western blot.

We successfully established a murine model of
asthma, and observed the effects of azithromycin on
airway inflammation AHR to acetylcholine chloride,
and RL and total serum total IgE levels. The effects
of azithromycin on PI3K, Akt, mTOR, HIF-1, and
VEGF expression were also analyzed, and long-

course azithromycin significantly reduced their
expression. The results demonstrate the effects of
azithromycin in reducing the bronchial inflammation
in OVA- sensitized mice consistent with previous
studies (29).

Although azithromycin is effective in animal



Journal of Biological Regulators & Homeostatic Agents

experiments, it can cause adverse reactions, such
as gastrointestinal distress and rashes, as well as
abnormal liver enzyme levels in some patients. The
antibacterial effects of azithromycin and its optimal
dosages are well established, but its role in regulating
immunity requires further study, as does the proper
course of treatment.

In summary, the PI3K/Akt /mTOR /HIF-1 alpha /
VEGEF signal pathway is involved in the occurrence
and development of asthma in the OVA-sensitized
mice. Both azithromycin and budesonide can reduce
airway inflammation and improve airway remodeling
via inhibition of the PI3K/Akt/mTOR/HIF-1 alpha/
VEGEF signaling pathway in the lung. Azithromycin
has the same efficacy as budesonide in the treatment
of asthma, and the airway inflammation and airway
remodeling may be better inhibited by appropriately
prolonging the therapeutic period of azithromycin.
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Before being able to fully participate in the processes associated with its function as a female gamete,
the oocyte needs to undergo a range of changes to achieve its mature form. These morphological,
biochemical and metabolomic processes are induced by the somatic tissues surrounding the oocyte,
through the expression of specific transcription and growth factors. The maturation of the oocyte is
highly important for the proceedings that lead to successful fertilization, early embryonic development
and implantation. Domestic pigs were used as models for our study, with the cumulus-oocyte complexes
obtained from the ovaries that were recovered at slaughter. After shedding of the cumulus, oocytes were
assessed with BCB test, with the viable ones chosen to undergo in vitro maturation. With the use of
expression microarrays, we analyzed gene expression before and after IVM and detected major changes
in both genes that were proven to be associated with oocyte maturation before (FOS, VEGFA, CHRDLI,
TGFBR3, FST, INSR, ID1, TXNIP, SMAD4, MAP3K1, EIF2AK3 and KIT) and genes not previously
linked with reproduction associated processes (MYOIE, PHIP, KLF10 and SHOC2). All the genes were
briefly described, with consideration of possible involvement of the newly discovered elements of the
transcriptome in the process of oocyte maturation.

Key words: pig, oocytes, microarray assays, in vitro maturation (IVM)

Mailing address:

Bartosz Kempisty PhD, 0393-974X (2018)
Department of Histology and Embryology, Copyright © by BIOLIFE, s.a.s.
Department of Anatomy, Poznan University of Medical Sciences, This publication and/or article is for individual use only and may not be further

6 Swiqcickiego St., 60-781 Pozna, Poland reproc?uced without yvntten pen‘msszlon from the copyright hol@er.

Unauthorized reproduction may result in financial and other penalties
Tel.: +48 61 8546418 - Fax: +48 61 8546440 1089 DISCLOSURE: ALL AUTHORS REPORT NO CONFLICTS OF
e-mail: bkempisty@ump.edu.pl INTEREST RELEVANT TO THIS ARTICLE.



1090

Before ovulation and subsequent successful
monospermic fertilization, mammalian cumulus—
oocyte complexes (COCs) undergo several
morphological, biochemical and metabolomic
changes. The main modification in morphology,
within the COCs, involves cumulus oophorus
expansion, which is recognized as the most
important marker of oocyte successful maturation,
both in vivo and in vitro (IVM) (4). Additionally,
during COC maturation, the molecular changes
encompass significant chromosomal reorganization
and/or storage of RNA templates for subsequent
protein biosynthesis. Hence, the proper COC
maturation is substantially accompanied by
induction of mechanisms and activation of
specific metabolic pathways that build the whole
orchestrated cellular and subcellular “biochemical
machinery”. As shown in our previous experiments,
the activation of this machinery in mammalian
oocytes is accompanied by induction of signaling
pathways, which are associated with up-regulation
of growth factor expression, mostly included
in transforming growth factor beta superfamily
(TGFB), such as; bone morphogenic proteins
(BMPs) and growth differentiation factors (GDFs)
(2, 3, 18)there exist many differences that promote
these processes in vivo and in vitro. Therefore,
this study aimed to investigate the differences in
RNA expression profiles between porcine oocytes
before and after IVM using microarray and real-
time quantitative polymerase chain reaction (RT-
gPCR. However, maturation of the oocytes, both
nuclear and cytoplasmic, together with their growth
and development, which belong to processes
determining cell survival, are mostly regulated on
the metabolomic level by activation of enzymes
crucial for cell life (19).

The COC metabolic activity is substantially
regulated by maintenance of oocyte—cumulus
“dialogue” and bi-directional transport of small
substances between these cells. The gap junction
connections (GJC), which are formed between
cumulus cells and oocyte, are involved in this
process as the main regulators of cell-to-cell inter-
transport. Furthermore, it was demonstrated by our
experiments that proteins belonging to connexins

S. BORYS ET AL.

(CXs), which build the GJC in mammalian COCs,
are also involved in subcellular nuclear-cytoplasmic
shuttling, which is one of the proofs for metabolite
trafficking between the cells and cellular metabolic
status (25). It was previously observed that ATP-
ases and GTP-ases, as well as enzymes involved
in lipids and glucose metabolisms, belong to
the main regulators of maintenance of oocytes
metabolic, energetic and oxidative status (23).
Despite the fact that cell survival is maintained by
metabolic status, the regulation of cell maturation,
growth, development and/or surrounding somatic
cell differentiation are significantly stimulated by
induction of the enzymes involved in signaling
pathways. This unique process involves mechanisms
regulated by activation of several molecules,
such as G protein, cAMP, protein kinases,
phospholipases and IP3. It was found in several
mammalian models that stimulation of activity of
these molecules belongs to the main mechanisms of
cell proliferation, growth and differentiation both in
vivo and in vitro. Moreover, activation of enzymes
important for cell survival belongs to the group of
specific “checkpoints” that control the maintenance
of proper cellular metabolic status. Although
the enzymes involved in mammalian oocyte
metabolisms are mostly determined, it still remains
unclear whether and which of them are involved
in regulation of oocyte maturation capability.
Therefore, in this study we used porcine oocytes as
the model to better understand the mechanisms of
metabolic pathway induction and determination of
transcriptomic profile of these enzymes in relation
to oocyte maturational status.

MATERIALS AND METHODS

Animals

A total of 45 pubertal crossbred Landrace gilts,
bred on a local commercial farm, were used in this
study. They had a mean age of 155 days (range
140-170 days) and a mean weight of 100 kg (95-
120 kg). All the animals were housed under identical
conditions and fed the same forage (depending on
age and reproductive status). The experiments were
approved by the Local Ethics Committee.
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Collection of porcine ovaries and cumulus-oocyte-
complexes (COCs)

Ovaries and reproductive tracts were recovered at
slaughter and transported to the laboratory at 38°C
in 0.9% NaCl within 40 min. To provide optimal
conditions for subsequent oocyte maturation and
fertilization in vitro, the ovaries of each animal were
placed in 5% fetal bovine serum solution (FBS;
Sigma-Aldrich Co., St. Louis, MO, USA) in PBS.
Single large follicles (>5 mm) were then opened by
puncturing with a 5-ml syringe and 20-G needle in
a sterile Petri dish, and COCs were recovered. The
COCs were washed three times in modified PBS
supplemented with 36ug/ml pyruvate, 50ug/ml
gentamycin, and 0.5mg/ml BSA (Sigma-Aldrich,
St. Louis, MO, USA). COCs were selected under
an inverted Zeiss, Axiovert 35 microscope (Liibeck,
Germany), counted, and morphologically evaluated
using the scale suggested by Jackowska et al. (16).
Only COCs of grade I with homogeneous ooplasm
and uniform, compact cumulus cells were considered
for the following steps of the experiment, resulting
300 grade I oocytes (3 x n=50 before IVM, 3 x n=50
after IVM).

Assessment of oocyte developmental competence by
BCB test

To perform the BCB staining test, oocytes were
washed twice in modified Dulbecco PBS (DPBS;
Sigma-Aldrich, St. Louis, MO) supplemented with
50IU/ml penicillin, 50pg/ml streptomycin (Sigma-
Aldrich, St. Louis, MO, USA), 0.4% BSA [w/v],
0.34 mM pyruvate, and 5.5 mM glucose (DPBSm).
Thereafter, they were treated with 13 pM BCB
(Sigma-Aldrich, St. Louis, MO) diluted in DPBSm
at 38.5°C and 5% CO2 for 90 min. After treatment,
the oocytes were transferred to DPBSm and washed
twice. During the washing procedure, the oocytes
were examined under an inverted microscope and
classified as either stained blue (BCB+) or remained
colorless (BCB-). Immature oocytes have compact
cumulus cell layers that required removal for further
oocyte evaluation. Next, the BCB+ COCs were
first incubated with bovine testicular hyaluronidase
(Sigma-Aldrich, St. Louis, MO, USA) for 2 min
at 38°C to separate cumulus and granulosa cells.
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Cells were then removed by vortexing the BCB+
oocytes in 1% sodium citrate buffer followed by
mechanical displacement using a small-diameter
glass micropipette. Only the granulosa cell-free
BCB+ oocytes were used for subsequent [IVM and
microarray analysis.

In vitro maturation of porcine COCs

After the first BCB test, the COCs which remained
colorless (BCB-) were cultured in Nunclon™A
4-well dishes in 500 pl of standard porcine IVM
culture medium TCM-199 (tissue culture medium)
with Earle’s salts and L-glutamine, (Gibco BRL Life
Technologies, Grand Island, NY, USA) supplemented
with 2.2mg/ml sodium bicarbonate (NacalaiTesque,
Inc., Kyoto, Japan), 0.lmg/ml sodium pyruvate
(Sigma-Aldrich, St. Louis, MO, USA), 10 mg/
ml BSA (bovine serum albumin), (Sigma-Aldrich,
St. Louis, MO, USA), 0.1 mg/ml cysteine (Sigma-
Aldrich, St. Louis, MO, USA), 10% filtered porcine
follicular fluid (v/v), and gonadotropin supplements
at final concentrations of 2.5IU/ml hCG (Ayerst
Laboratories, Inc., Philadelphia, PA, USA) and
2.5IU/ml eCG (Intervet, Whitby, ON, Canada). Wells
were covered with a mineral oil overlay and cultured
for 44 h at 38°C under 5% CO2. After cultivation,
the BCB staining test was performed again, and
BCB+ oocytes were used for further experiments.

RNA extraction from porcine oocytes

Oocytes investigated before and after in vitro
maturation were pooled into three independent
samples (50 oocytes per sample) for each
experimental group. Total RNA was extracted from
samples using TRI Reagent (Sigma, St Louis, MO,
USA) and RNeasy MinElute cleanup Kit (Qiagen,
Hilden, Germany). The amount of total mRNA was
determined from the optical density at 260 nm, and
the RNA purity was estimated using the 260/280
nm absorption ratio (higher than 1.8) (NanoDrop
spectrophotometer, Thermo Scientific, ALAB,
Poland). The RNA integrity and quality were checked
on a Bioanalyzer 2100 (Agilent Technologies,
Inc., Santa Clara, CA, USA). The resulting RNA
integrity numbers (RINs) were between 8.5 and 10
with an average of 9.2 (Agilent Technologies, Inc.,
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Santa Clara, CA, USA). The RNA in each sample
was diluted to a concentration of 100ng/ul with an
0D260/0D280 ratio of 1.8/2.0. From each RNA
sample, 500 ng of RNA were taken for microarray
analysis. The remaining amount of isolated RNA
was used for the RT-qPCR study.

Microarray expression analysis and statistics

The Affymetrix procedure was previously
described by Trejter et al. (29)the adrenal weight
and the average volume of zona fasciculata cells of
females are larger and secrete greater amounts of
corticosterone than those of males. The molecular
bases of these sex-related differences are poorly
understood. In this study, to explore the molecular
background of these differences, we defined zone-
and sex-specific transcripts in adult male and female
(estrous cycle phase. Total RNA (100 ng) from each
pooled sample was subjected to two-round, sense
cDNA amplification (Ambion® WT Expression Kit).
The obtained cDNA was used for biotin labeling
and fragmentation by AffymetrixGeneChip® WT
Terminal Labeling and Hybridization (Affymetrix).
Biotin-labeled fragments of cDNA (5.5 ug) were
hybridized to the Affymetrix® Porcine Gene 1.1 ST
Array Strip (48°C/20 h). Then, microarrays were
washed and stained according to the technical protocol
using the AffymetrixGeneAtlas Fluidics Station.
The array strips were scanned employing Imaging
Station of the GeneAtlas System. The preliminary
analysis of the scanned chips was performed using
AffymetrixGeneAtlasTM  Operating  Software.
The quality of gene expression data was confirmed
according to the quality control criteria provided by
the software. The obtained CEL files were imported
into downstream data analysis software.

All of the presented analyses and graphs were
performed using Bioconductor and R programming
languages. Each CEL file was merged with a
description file. In order to correct background,
normalize, and summarize results, we used the
Robust Multiarray Averaging (RMA) algorithm
(10). To determine the statistical significance of
the analyzed genes, moderated t-statistics from
the empirical Bayes method were performed.
The obtained p-value was corrected for multiple
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comparisons using Benjamini and Hochberg’s
false discovery rate. The selection of significantly
altered genes was based on a p-value under 0.05 and
expression higher than two-fold.

Differentially expressed genes were subjected
to the selection based on their involvement in
morphogenesis and cellular differentiation. The
differentially expressed gene list (separated for up-
and down-regulated genes) was uploaded to DAVID
software (Database for Annotation, Visualization
and Integrated Discovery), where genes belonging to
“enzyme linked receptor protein signaling pathway”
GO term were obtained (7)Visualization, and
Integrated Discovery (DAVID; http://www.david.
niaid.nih.gov. The term “enzyme linked receptor
protein signaling pathway” (GO:0007167) is defined
as “Any series of molecular signals initiated by the
binding of an extracellular ligand to a receptor on
the surface of the target cell, where the receptor
possesses catalytic activity or is closely associated
with an enzyme such as a protein kinase, and ending
with regulation of a downstream cellular process,
e.g. transcription”. It consists of 24,146 genes of
which 1,239 are annotated to Sus scrofa organism.

Expression data of these genes were subjected
to a hierarchical clusterization procedure, and their
expression values were presented as a heat map.
Besides predicting interactions, DAVID software
also allowed to perform functional enrichment of
GO terms based on previously uploaded gene sets
from the “enzyme linked receptor protein signaling
pathway” GO BP term. The top five GO terms that
contained genes also belonging to “enzyme linked
receptor protein signaling pathway” GO BP are
shown in Table I. The relationship between genes that
belongs to other GO terms were further investigated
by GeneAnswers and GOplot R packages (15, 30).

Interactions between differentially expressed
genes/proteins belonging to “enzyme linked receptor
protein signaling pathway” ontology group were
investigated by STRING10 software (Search Tool
for the Retrieval of Interacting Genes). The list
of gene names was used as query for interaction
prediction. The search criteria were based on co-
occurrences of genes/proteins in scientific texts
(text mining), co-expression, and experimentally
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observed interactions. The results of such analysis
generated a gene/protein interaction network where
the intensity of the edges reflected the strength of the
interaction score.

Furthermore, we investigated the interactions
between SMAD4 and FOS genes, as well as between
KIT, VEGFA and INSR genes. These genes were
subjected to Reactome database by Cytoscape
3.6.0 software (13,27). Reactome is the open-
source, open access, manually curated and peer-
reviewed pathway database, with the goal to provide
intuitive bioinformatics tools for the visualization,
interpretation and analysis of pathway knowledge to
support basic and clinical research, genome analysis,
modeling, systems biology and education. Cytoscape
is an open source software platform for visualizing
complex networks and integrating these with any
type of attribute data. The analysis showed all genes
that interact with chosen genes. Subsequently, we
did Reactome Functional Interaction (FI) network
for all genes from “enzyme linked receptor protein
signaling pathway”. To achieve that objective we
used Reactome FI Cytoscape Plugin, designed to
find protein network patterns. This plugin accesses
the Reactome Functional Interaction (FI) network,
a highly reliable, manually curated pathway-based
protein functional interaction network covering
close to 50% of human proteins, and allows to
construct a FI sub-network based on a set of genes,
query the FI data source for the underlying evidence
for the interaction, build and analyze network
modules of highly-interacting groups of genes,
perform functional enrichment analysis to annotate
the modules, expand the network by finding genes
related to the experimental data set, display pathway
diagrams, and overlay with a variety of information
sources such as cancer gene index annotations.

Real-time quantitative polymerase chain reaction
(RT-gPCR) analysis

Total RNA was isolated from GCs, before and
after IVC, using an RNeasy mini column from Qiagen
GmbH (Hilden, Germany). The RNA samples were
resuspended in 20 pl of RNase-free water and stored
in liquid nitrogen. RNA samples were treated with
DNase I and reverse-transcribed (RT) into cDNA.
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RT-qPCR was conducted in a LightCycler real-time
PCR detection system (Roche Diagnostics GmbH,
Mannheim, Germany) using SYBR® Green I as
a detection dye, and target cDNA was quantified
using the relative quantification method. The
relative abundance of PTX3, COX2, HAS2 and
TSG6 transcripts in each sample was standardized
to the internal standard glyceraldehyde-3-phosphate
dehydrogenase (GAPDH). For amplification, 2 pl of
cDNA solution was added to 18 pul of QuantiTect®
SYBR® Green PCR (Master Mix Qiagen GmbH,
Hilden, Germany) and primers (Table II). One RNA
sample of each preparation was processed without
the RT-reaction to provide a negative control for
subsequent PCR.

To quantify the specific genes expressed in the
GCs, the expression levels of specific oocyte mRNAs
in each sample were calculated relative to PBGD
and ACTB. To ensure the integrity of these results,
the additional housekeeping gene, 18S, was used as
an internal standard to demonstrate that PBGD and
ACTB mRNAs were not differentially regulated in
GC groups. The gene for 18S rRNA expression has
been identified as an appropriate housekeeping gene
for use in quantitative PCR studies. Expression of
PBGD, ACTB, and 18S mRNA was measured in
cDNA samples from isolated GCs.

RESULTS

To investigate oocyte transcriptome changes after
in vitro maturation in relation to transcriptome profile
of freshly isolated oocyte, before in vitro procedure,
we performed whole gene expression analysis by
Affymetrix® Porcine Gene 1.1 ST Array. Assay
expression of more than 12,258 porcine transcripts
was examined. The genes for which the fold change
was higher than the cut-off value (fold>2|) and
corrected p value (adj p<0.05), were considered as
differentially expressed. From the whole transcript
that consisted of 419 different genes, 379 genes were
down-regulated, and 40 genes were up-regulated in
relation to the oocyte transcriptome before in vitro
procedure.

Among these genes, those belonging to “enzyme
linked receptor protein signaling pathway” gene
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enzyme linked receptor protein si ling pathway

CHRDL1
FOS
TXNIP

KIT

MYO1E
SMAD4
EIF2AK3
TGFBR3
INSR
KLF10
ID1
PHIP
MAP3K1

SHOC2

before IVM

after IVM

Fig. 1. Heat map representation of differentially expressed
genes belonging to the category “enzyme linked receptor
protein signaling pathway” from GO.BP database. log?2
signal intensity values were resized to Row Z-Score scale
for any single genes (from -2, the lowest expression to +2,
the highest expression).

ontology biological process term were extracted
by DAVID (Database for Annotation, Visualization
and Integrated Discovery) software. Up- and down-
regulated gene sets were subjected to DAVID
searching separately and only gene sets, where adj.
p values were lower than 0.05 were selected (Table
IIT). This set of genes was subjected to hierarchical
clusterization procedure and presented as a heatmap
(Fig. 1.).

Genes from one particular GO group will belong
also to other different GO term categories. By this
reasoning we performed functional enrichments of
GO terms based on previously uploaded gene set
from “enzyme linked receptor protein signaling
pathway” GO BP term. Top five GO terms that
contain genes, that also belong to “enzyme linked
receptor protein signaling pathway” gene ontology,
are presented as a table, where its category, term,
number of genes that it shares with “enzyme linked
receptor protein signaling pathway”, p-value and
Benjamini — Hochberg’s false discovery rate are
shown (Table I). The mutual relationships between
those terms are presented in Figs. 2 and 3.

S. BORYS ET AL.

STRING-generated interaction network was
generated among differentially expressed genes
belonging to the “enzyme linked receptor protein
signaling pathway” term. Applied prediction methods
used textmining, co-expression, experimentally
observed interactions (Fig. 4).

The subsequent Reactome database analysis
showed all genes that shared interactions between
KIT, INSR and VEGFA. We also checked the
interactions between SMAD4 and FOS genes. The
results showed that SMAD4 and FOS also interacts
with 48 other genes (Fig. 5) and VEGFA, KIT and
INSR also interacts with 44 other genes (Fig. 6).

The Reactome Functional Interaction analysis
only identified the ID1, SMAD4, FOS, VEGFA, INSR
and KIT genes in reactome database. The analysis
showed that FOS can indirectly stimulate the activity
of other mention genes (Fig. 7).

Additionally, RT-qPCR validation was performed
to confirm the results obtained through microarray
analysis. The data obtained was compared and
plotted as a bar graph (Fig. 8).

As can be seen, the direction of changes was
confirmed in all examples. However, there is some
variation in the difference between observed levels
of gene expression. While in the case of most of the
genes, the values are relatively comparable, some
examples, such as EIF2AK3, MYOIE, FOS, VEGFA
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Fig. 2. Concept-gene network showing differently expressed
genes from enzyme linked receptor protein signalling
pathway” and top five GO terms that shared genes with
studied GO term.. The genes that belong to the same GO
terms are sorted next to each other. The intensity of the dots
represents the fold change.
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Fig. 3. Representation of the mutual relationship between “enzyme linked receptor protein signalling pathway” and top
five GO terms that shared genes with studied GO term. The ribbons indicate which gene belongs to which categories. The

genes were sorted by fold change, from most to least changed gene.

Fig. 4. STRING-generated interaction network among differentially expressed genes belonging to the “enzyme linked
receptor protein signalling pathway ” ontology group. Applied prediction methods: text mining, co-expression, experimentally

observed interactions.
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Fig. 5. Visualization of genes interacting with SMAD4 and FOS genes. The nodes show other genes that interacts with
SMAD4 and FOS genes.

Fig. 6. Visualization of genes interacting with VEGFA, KIT and INSR genes. The nodes show other genes that interact with
VEGFA, KIT and INSR genes.
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Fig. 7. The Reactome Functional Interaction analysis of genes detected in the study. The arrow indicates stimulation of one
protein by another:
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Fig. 8. The comparison between microarray and RT-gPCR analysis.
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Table 1. Top five GO categories formed by genes differentially expressed belonging to the “enzyme linked receptor protein
signalling pathway” ontology group.

Category Term Count | % P Value | Benjamini
GOTERM BP FAT |  Ccll surface receptor 11 | 688 | 458-7 | 2.1E-4
- = signaling pathway
transmembrane receptor
GOTERM_BP_FAT protein tyrosine kinase 6 37.5 | 1.8E-5 5.7E-3
signaling pathway

transmembrane receptor

GOTERM BP FAT | protein serine/threonine 5 31.2 | 6.8E—5 1.6E—2

kinase signaling pathway

GOTERM Bp FAT|  Ccllularresponse to 8 | 500 | 1.4E—4 | 2.6E-2
- = organic substance

GOTERM BP FAT | BMP signaling pathway 4 | 250 | 1.9E4 | 2.9E-2

Table IL. Sequences of primers used for RT-qPCR analysis.

Gene Accession Number Primer Sequence (5’-3”) L(el:f)t h
CHRDLI1 HGNC:29861 Afgii?égg?ggggéi;i%T 154
BIRAKY | HONCAS | Slecerrrocatroatratra |1
FST NP_001003662 [P ekttt 150
DI | PO | goicacareerarercrae |1
ar | sweononw | CoCCIOGGTITICRCTIC T
KLF10 NP 001127816 CCTGCTCCAGGGTTTICC 151

CTCCTGTATGTGTTCTCATGTGG
TTCAGAAAACAGTATAAAAGATGAAGA
MAP3KI HONC:6848 CTACATTCTTCTGCCCAGATTG 150

CGAAAACAAAGTTAACCCTCCT

MYOLE HGNC:7599 TGGTTCCAGCTGTTGAAATG 150
PHIP HGNC:15673 CCTGATGGGTCATGAAGATG 160
CCTGAGGAAATTGGTACACTGG

SHOC2 HONC:15454 ATGTCCTTGGCCTTCAATCA 160
AACCACAAATGGAGCTCACC

SMAD4 QOGKQY TGTTTTAATTCATTTTTGTGAAGATCA 150

ATTGTGTGGTTGCCCTGTTT

TGEBR3 NP _599437 GGTGAAGCTCTCCATCAAGG 131
GCCTCTGGGAACATCTTTCA

TXNIP Q2HY40 CACAGGTGCCATTAAATCAGG 157

VEGFA NP_999249 CTCTCTTGGGTGCATTGGAG 154

TCTCGATTGGACGGCAGTAG
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Table I11. Fold changes adjusted p values and Entrez Gene ID of differentially expressed genes belonging to the “enzyme
linked receptor protein signalling pathway” functional category from David Geoterm BP database.

Gene Fold Change | Adj.P.Value | Database Accesion Number
CHRDL1 0.139365 4.74E-05 | ENSSSCT00000027812
EIF2AK3 0.41889 0.008422 | ENSSSCT00000008989
FOS 0.052794 4.74E-05 | ENSSSCT00000002650
FST 0.224697 0.000365 | ENSSSCT00000023776
ID1 0.335473 0.003974 | NM_001244700
INSR 0.316016 0.001913 | ENSSSCT00000014815
KIT 0.430444 0.002556 | ENSSSCT00000009679
KLF10 0.405439 0.006845 | NM_001134344
MAP3K1 0.368765 0.024748 | AJ585088
MYOI1E 0.326887 0.001132 | AK236366
PHIP 0.385682 0.021116 | ENSSSCT00000004941
SHOC2 0.442895 0.040665 | AK231028
SMAD4 0.367802 0.001239 | NM_214072
TGFBR3 0.196522 0.000406 | NM_214272
TXNIP 0.355539 0.000781 | ENSSSCT00000007319
VEGFA 0.069689 0.001913 | AF041084

Symbols and names of the selected genes are shown.

and PHIP, present larger discrepancy between the
two methods applied.

DISCUSSION

The data showed substantial up-regulation of
several genes in oocytes before IVM as compared
to after IVM. Before IVM genetic transcripts of
genes FOS, VEGFA, CHRDLI, TGFBR3, FST,
INSR, MYOIE, IDI, TXNIP, SMAD4, MAP3KI,
PHIP, KLF10, EIF24AK3, KIT and SHOC2 were
expressed. However, after IVM these genes were
down-regulated. This suggests that genes recruited in
‘enzyme linked receptor protein signaling pathway*

in porcine oocyte in vitro, may have a higher level of
expression before the oocyte’s mature. It shows that
the process of oocyte maturation and developmental
capacity is most probably orchestrated by genes
whose transcripts belong to the group ‘enzyme linked
receptor protein signaling pathway’.

KIT is a proto-oncogene gene encoding a receptor
tyrosine kinase, which plays an important role in the
regulation of cell survival and proliferation, stem cell
maintenance and gametogenesis. Recently, Saatcioglu
et al. presented evidence that the receptor tyrosine
kinase Kit controls reawakening of the oocytes (26).
The next gene, eukaryotic translation initiation factor
2-alphakinase (EIF2AK3), otherwise known as PERK,



1100

is phosphorylated in response to environmental stress.
It has been shown that EIF243K plays an important
role in the ability of the endoplasmic reticulum ER
for adaptation to stress in mammalian cells in vitro
(12). The upregulation of EIF2AK3 in porcine oocytes
before IVM can be a substantial indicator of ER stress
during in vitro maturation of the gametes.

Mitogen-activated Protein Kinases 3 and 1
(MAP3KI) also known as Extracellular Signal-
Regulated Kinases 1 and 2 (ERK !) are the
intrafollicular mediators which stimulate the cumulus
cell-oocyte complex (COC) growth and also oocyte
maturation (8). In this investigation, we first present
the expression profile of MAP3K1 in porcine oocytes
before and after [IVM in relation to the regulation of
“enzyme linked receptor protein signalling pathway””.
Cao at al. demonstrated that deletion or silencing
of MAP3KI leads to cell cycle arrest or cell death.
In their recent study they showed that knockout of
MAP3K] triggered GCs apoptosis. They concluded
that MAP3KI might be required for porcine GC
survival (5).

The results of our study demonstrated up-
regulation of TGFBR3, FST and Smad4 (three
members of TGF family) in porcine oocytes after
IVM, compared to those analyzed in their immature
form. Transforming growth factor-beta (TGF-f) is an
important protein participating in several aspects of
cell and tissue life, as well as apoptosis and survival.
TGF-B is also responsible for regulation of somatic
cell proliferation and differentiation in vitro and in
vivo. Piotrowska et al. concluded that TGF-f and the
TGF superfamily members control essential stages
of folliculogenesis, oogenesis and embryogenesis in
mammals (24). TGF-B3 (TGFBR3) is able to inhibit
TGF-B signaling pathways, because of its ability to
capture TGF-B. TGFBR3 plays a role in suppression of
cancer progression and metastasis (11). In the results
of our work, we observed up-regulated expression of
this gene in porcine COCs after IVM compared to
before IVM.

Smad Family Member 4 (SMAD4) protein is
a downstream signaling molecule of the TGF-§
-superfamily. Research by Xing at al. indicated a
substantial role of SMAD4 in oocyte maturation and
other reproduction—related processes, as this protein
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can be found in porcine oocyte, granulosa and thecal
cells (32).

Follistatin (#S7) is a protein expressed in oocytes
and granulosa cells in cattle. Follistatin can bind and
regulate activity of TGF-beta superfamily members.
FST binding blocks interactions with serine threonine
kinase receptors, which inhibits ligand-induced Smad
signaling. High levels of F'ST transcript correlated with
good ovarian function and good-quality of the oocytes.
Recently, Wang et al. reported that FST can play
various roles in oocyte and granulosa cells during the
formation of primordial follicles (31). ZXNIP, coding
for thioredoxin interacting protein was also highly up-
regulated by IVM. TXNIP expression in porcine CCs
was observed for first time. TXNIP is responsible for
regulation of oxidative stress response and also may
inhibit glucose and lactate production. Su-Yeon at al.
during his research noted that 7XNIP is an essential
regulator of glucose metabolism, cytoplasmic
streaming and meiotic maturation of the mouse oocytes
(20). The inhibitor of DNA binding (/D) belongs to
a family of four proteins regulating inhibiting activity
of transcription factors, by controlling their possibility
to bind DNA. The members of ID family have two
main functions: to maintain proliferation and to
inhibit differentiation. Blaha et al. explored the effect
of epiregulin, amphiregulin and follicle stimulating
hormone (FSH) on gene expression in porcine CCs.
The results of their microarray experiments showed
that FSH administration led to down-regulated
expression of genes such as FOS and /D1/3 (1). On
the contrary, results of our microarray experiment
demonstrated up-regulation of /D7 and FOS after in-
vitro maturation. Further studies are indispensable to
determine how significant the /D is for the regulation
of folliculogenesis and to discover its physiological
meaning for fertility and reproductive diseases.

Another test gene in our study is the insulin receptor
(INSR). INSR was first identified in the granulose
cells of antral human follicles. Recent study showed
that INSR is widely distributed in all ovarian tissues,
in the granulosa and theca cells in bovine species.
Insulin is a peptide hormone, the actions of which are
mediated through INSR. This hormone plays a very
important role in the ovary, as a mediator of follicular
development and oocyte maturation. Roberta at al.
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found that supplementation of the medium with the
insulin and FSH causes an increase in /NSR mRNA
levels. Insulin works through its own receptor to
inflict the reply of granulose cells to gonadotropins
(6). The defects in the INSR gene manifest through
impaired ovulation and defects in oocyte maturation.
Furthermore, our findings also show that /NSR may
be an important factor in the development of oocytes.

The results of our study have also shown increased
expression of chordin-like 1 (CHRDLI), also known
as neurogenesin-1 (NRLNI) in porcine oocytes after
IVM as compared to those analyzed before IVM.
NRLN-1 acts a mediator of BMP signaling pathways.
This pathway plays a crucial role in the regulation
of cell growth, development and differentiation,
as well as their survival and apoptosis. The role of
CHRDLI in oocyte maturation is not yet known.
Budna at al. suggested that transcript of CHRDLI and
BMP1 could reflect embryonic development (3)there
exist many differences that promote these processes
in vivo and in vitro. Therefore, this study aimed to
investigate the differences in RNA expression profiles
between porcine oocytes before and after IVM using
microarray and real-time quantitative polymerase
chain reaction (RT-gPCR. Vascular endothelial
growth factor A (VEGFA) causes proliferation and
migration of vascular endothelial cells, being crucial
for physiological and pathological angiogenesis.
VEGF may inhibit apoptosis of ovarian follicular cells
in cattle, sheep, and rats. VEGF showed that it has
the potential to amend the quality of mature porcine
oocytes. Kere at al., in their study, added exogenous
VEGF to culture media to estimate its result on porcine
oocyte maturation. Their results suggest that VEGFA
supplementation in maturation medium improved
oocyte maturation. VEGF ameliorated quality and
promoted development of porcine parthenotes (17)
although5, 50, 0r 500\u00a0Ong/mLdid notsignificantly
affect nuclear maturation of oocytes. Parthenotes from
oocytes cultured either in in\u0OaOvitro maturation or
in\u00alvitro culture medium supplemented with 5 or
50\u00a0ng/mL VEGFA had an improved blastocyst
rate and increased total numbers of cells (P < 0.05. In
our study, we observed high up-regulation of VEGFA-
related gene in mature oocytes, compared to immature
oocytes. We postulated that VEGFs play a crucial role
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in further development of mature porcine oocytes.

Another tested gene is the FOS Proto-Oncogene
(FOS), a member of the immediate response family
of transcription factor. FOS transcription is generally
activated in reply to exogenous ligands. The
expression of FOS has been indicated as a marker
of germ cell development. Hess and al. showed
that FOS plays an important role in regulation of
proliferation, differentiation and cell survival. The
expression of FOS and BCL2 genes is present within
the preimplantation embryo. The protein products of
this gene showed marked staining from the two-cell to
the blastocyst stage (14).

The secondary group of genes could not be
assigned to any specific system or mechanism of
function related to the reproductive process. All
exert a broad spectrum of actions but have never
been associated with the oocyte or folliculogenesis.
Kruppel Like Factor 10 (KLF10), a zinc finger
transcription factor, is a protein which rapidly induces
TGFB1,2 and 3, epidermal growth factor, as well as
bone morphogenetic protein-2. Generally, KLFI0
is related to cell differentiation and it is the target
gene for the various signaling pathways. Recent
findings by Subramaniam et al. showed that KLFI0
can support TGF-B inhibition of cell proliferation
and inflammation, or can activate apoptosis (28)
KLF10, a member of the Kr\uOOfcppel-like family
of transcription factors, there have been multiple
publications regarding its functions and its immediate
family members, in numerous cell types. KLF10 has
been shown to be rapidly induced by TGFbetal, 2, 3,
E(2. KLF10’s functions have not been linked to the
reproduction-associated processes but can activate or
inhibit transcription of many genes.

The next gene, SHOC-2, encodes leucine rich,
scaffold protein. SHOC-2 (SUR-8) can up-regulate
Ras-MAP kinase signaling in cells and is able to
form a complex with Ras and Raf that increases the
activation of endoplasmic reticulum. The study by
Li at al. showed that SHOC-2 can selectively change
the signal strength of Ras and RTK but not to other
effectors, for example PI3K (21). The Pleckstrin
Homology Domain Interacting Protein (PHIP) gene
encodes a protein that binds to the insulin receptor
substrate 1 protein. Moreover, PHIP has the ability
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to regulate glucose transport and translocation in
skeletal muscle cells. Recent data show that the
encoded protein can also regulate growth and survival
of pancreatic beta cells. Increasing expression of
PHIP can promote melanoma in humans (9)gene
expression, and glucose transport. The N terminus of
IRS-1 contains a pleckstrin homology (PH. MYOIE, a
gene encoding myosin 1E, was the last of the detected
genes. Podocytes play crucial roles as constituents of
the glomerular filtration barrier. Mao et al. in their study
results showed that MYOIE is crucial component
contributing to the functional integrity of podocytes.
Down-regulation of MYOI1E expression may cause
alternation of podocyte shape and cause their drop-out
from the glomerular basement membrane. The effect
of these defects may lead to handicap of glomerular
filtration barrier and proteinuria (22). As a result of
our research, we suggest, that these factors are also
potentially involved in the in vitro maturation of
oocytes.
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Lung cancer is the leading cause of cancer-related morbidity and mortality worldwide. Interaction
of nascent or established lung tumour cells with various cytokines and infiltrating immune cells has
been implicated in lung cancer pathogenesis. In this study, we systematically analysed immunoreactivity
for IL-17A, IL-17E and IL-17F and their relevant receptors in the lung sections from non-small cell
lung cancer (NSCLC) and normal control. Immunoreactivity for 1L-17A, IL-17F, IL-17RA and IL-
17RC, but not IL-17RB was significantly elevated in NSCLC compared with controls, while IL-17E
was reduced. The median numbers of infiltrating lymphocytes and neutrophils and global macrophage
(CD68) immunoreactivity of phagocytes were also elevated in NSCLC compared with control tissue
sections. Furthermore, correlation between the expression of IL-17A and its receptors IL-17RA and IL-
17RC varied according to NSCLC histopathological type. These data suggest that IL-17A, E, F and their
receptors IL-17RA, RB, RC may be involved in the pathogenesis of NSCLC. Further understanding of
the relationship between the IL-17/IL-17R axis and the tumour inflammatory microenvironment may

reveal new therapeutic targets.

Lung cancer accounts for the highest cancer-
related morbidity and is the most common cause
of cancer death (1, 2). Although many factors
have been implicated in the pathogenesis of lung
cancer, local chronic inflammation associated with
dysregulation of inflammatory cytokine expression
is the best known aetiological factor in inflammation-
related cancers (3, 4); indeed, it is reported that
approximately 15% of all human cancers arise in
the context of infection and chronic inflammation

(5). Long-term inflammation promotes secretion
of cytokines and chemokines which may lead to
tumour initiation. Members of the IL-17 family of
cytokines have been demonstrated to be central to
the pathogenesis of a range of chronic inflammatory
diseases, including those of the human airways
(6), compatible with the hypothesis that chronic
inflammation accompanied by changes in expression
of these cytokines in the airways is an aetiological
factor in lung carcinogenesis.

Key words: IL-17 cytokine family, IL-17 receptor, non-small cell lung cancer, inflammatory cell
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The IL-17 cytokine family comprises of IL-17A,
IL-17B, IL-17C, IL-17D, IL-17E (also named IL-25)
and IL-17F. Its members share 15~50% homology
at the amino acid level and all play important roles
in a variety of immune responses (7). In particular,
it is reported IL-17A plays important roles in host
defence against infection, chronic inflammatory
diseases and autoimmune disorders (8, 9). The
biological functions of IL-17F closely resemble
those of IL-17A (10), partly because its gene is
located in the same chromosomal region as that
of IL-17A (6p12) and it shares the highest amino
acid homology with IL-17A (11, 12). In contrast,
IL-17E has the lowest homology with IL-17A and
differs functionally from the other members of the
IL-17 cytokine family in stimulating the production
of Th2 cytokines and regulating allergic responses
(13, 14). IL-17 cytokines form homodimer or
heterodimer ligands which bind to various IL-17
receptors (IL-17R) complexes. The IL-17R family
has five subunits named IL-17RA to IL-17RE. IL-
17A and IL-17F homo- or hetero-dimers utilize the
same receptor complexes consisting of IL-17RA and
IL-17RC, while IL-17E binds to the heterodimer IL-
17RA/IL-17RB (6).

IL-17A expression in peripheral blood has been
reported to be elevated in NSCLC patients and has
been implicated in lung cancer progression by a
variety of mechanisms (15, 16). In contrast, Tania
Benatar et al. reported that IL-17E has anti-tumour
activity in a variety of human tumour xenograft
models, including lung cancers (17). Despite these
observations, however, very little is known about
the expression and location of IL-17 cytokine family
members and their receptors in NSCLC. NSCLC
accounts for approximately 85% of all cases of lung
cancer (18), squamous cell carcinoma (SCC) and
adenocarcinoma (ADC) being the most common
histopathological types. In this study we address
the hypothesis that [L-17 family cytokines play a
role in determining the phenotype and progression
of human NSCLC, either directly or by modifying
the environmental immune response. Consequently,
we set out to assess normal or tumour lung tissue
expression of IL-17A, IL-17E, IL-17F and their
receptors in NSCLC as well as the nature of any

Q. HUANG ET AL.

associated inflammatory cellular infiltration in
this context. Finally, we looked for correlations of
expression of IL-17 family cytokine members with
clinical parameters including disease progression
and histopathological type.

MATERIALS AND METHODS

Human tissue specimens

Human specimens from resected lung tissue were
obtained at the Beijing Anzhen Hospital, People’s Republic
of China, from January 2013 to December 2016. In
accordance with Ethical Principles and an approval from
Capital Medical University Ethics Committee, written
informed consent was obtained from all patients to collect
tumour tissue from 59 cases of lung cancer diagnosed by
conventional means as ADC or SCC and 10 specimens of
normal lung tissue. None of the patients had received any
preoperative chemotherapy or radiotherapy prior to surgery.

Immunohistochemistry

The formalin-fixed, paraffin-embedded tissue samples
were cut into 4-um serial sections, mounted on slides then
deparaffinised by baking the slides at 60°C for 2 h and
finally washed with PBS 3 times. Antigen retrieval was
then performed by immersing the slides in boiling citrate
buffer for 20 min then cooling to room temperature, after
which the sections were washed 3 times for 5 min each in
PBS. Endogenous peroxidase was blocked with 3% H,O,
for 1 h, after which the sections were washed again 3 times
for 5 min each in PBS then incubated with 3% BSA with
0.3% Triton X-100 in PBS for 1 h at room temperature.
Primary antibodies against human IL-17/IL-17A (NBP1-
42746), IL-17E/IL-25 (NB100-56541), IL-17F (NBP2-
21684),IL-17RA (ab133416, Abcam), IL-17RB (AF1207,
R&D), and IL-17RC (NBP1-83112) were purchased from
Novus Biologicals (USA), Abcam (Hong Kong, China)
and R&D systems (USA), respectively. In addition,
antibodies against human pan T lymphocytes (anti-
CD3: ab699, Abcam), macrophages (anti-CD68: 3F103:
sc-70761, Santa Cruz) and neutrophils (anti-neutrophil
elastase: ab21595, Abcam) were also used to identify
infiltrating inflammatory cells in lung tissues. Optimal
titrations of the various antibodies were determined prior
to the formal experiments.

Immunohistochemistry was performed according
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to our previously described technique (19, 20). Briefly,
sections were then incubated with each primary antibody
overnightat4°C, washedand thenincubated withsecondary
antibody (211-005-109, mouse anti-rabbit or 115-005-
003, goat anti-mouse) and peroxidase-conjugated third
antibody (715-035-150, donkey anti-mouse or 705-035-
003, donkey anti-goat, Jackson Immuno- Research (USA)
) for 1h at room temperature, respectively. As a negative
control, PBS was substituted for the primary, antigen-
specific antibodies. The immunoreactivity was visualized
after developing with DAB (3, 3’-diaminobenzidine). The
sections were counterstained with haematoxylin for 3.5
min, rinsed with water, dehydrated and then cover slipped.

Images were taken with a Digital DS-Ri2 camera
(Nikon). Global expression of immunoreactivity for the
IL-17 cytokine family members and their receptors and
macrophages was quantified as the percentage staining of
the total stainable area of the sections as defined by the
haematoxylin counterstaining, while the numbers of the

Table 1. Patient characteristics.
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other inflammatory cells were expressed as the numbers
of stained positive cells per unit area.

Real-time PCR

To further explore RNA expression of IL-17A, total
RNA was extracted by Trizol and reverse transcripted
into cDNA using PrimeScript RT reagent Kit according
to the manufacture’s instruction. Primers were designed
to the sequences as follows: for IL-17A,
5’-TCCCACGAAATCCAGGATGC-3’ and anti-sense:
5’-GGAT GTTCAGGTTGACCATCAC-3’; for GAPDH,
sense: 5’-GGAGCGAGATCCCT CCAAAATGAPDH-3’
andanti-sense:5’-GGCTGTTGTCATACTTCTCATGG-3’;
RT-PCR amplification reactions were prepared with the
SYBR Green PCR kit (Bio-rad, USA) and performed using
the 7500 Real-Time PCR system (Applied Biosystems,
USA). GAPDH was the reference gene and the relative
expression levels of mMRNA was counted with the threshold
cycle (CT) method-fold change(2-AACT).

SE€nse:

Gender Stage
Status Age (F/M) Sources Classification
Control 37~70 55 resection
specimens
n=10
Squamous 32~82 2/27 resection stage 1 n=16
specimens
n=29 stage 2 n=8
stage 3 n=3
stage 4 =2
Adenocarcinoma  33~75 20/10 resection stage 1 n=24

specimens



1108

Q. HUANG ET AL.

=t P =0.0005

2

«~

2 .
R P =0.0022

c‘s —_— A
X ‘i
L - N
= . :
- ngum - ol (S
= ol .om' oo ﬁ :::‘.‘,‘.:::t

NC SCC ADC

= P <0.0001

® 20

< P <0.0001

S5 -
pa

=]
=10 "
3 'ﬁ. A AL
N

g ° o
— T Aafal
T ool amtiee  BECER LN
= NC SCC ADC

Fig. 1. Immunoreactivity for IL-17A4 and IL-17RA in NC, SCC and ADC tissues. Representative photomicrographs of IL-17A
(A) and IL-17RA (C) expression in lung tissue sections from subjects with NC (n = 10), SCC (n = 29) and ADC (n = 30)
(original magnification % 10 and 40). Expression of IL-17A4 (B) and IL-17RA (D) immunoreactivity expressed as a percentage
of the entire area of the section as defined by haematoxylin staining. Arrows show examples of positively stained cells.

Statistical analysis

Statistical significance was determined by Kruskal-
Wallis analysis of variance, followed by the Mann-Whitney
U-test where appropriate, using GraphPad Prism software
version 6.1 (GraphPad Software, La Jolla, CA, USA).
A P-value of 0.05 or less was considered statistically
significant.

RESULTS

Characteristics of the subjects

Demographic characteristics of the patients with
NSCLC and the non-diseased control subjects are
summarised in Table I. The median age of the patients
with NSCLC was 64 years (range 32-82 years) and
comprised of 37 males and 22 females. The median

age of the control subjects was 59 years (range, 37-
70 years) and comprised of 5 males and 5 females.
In patients with NSCLC there were 50 patients with
stage 1 or 2 and 9 with stage 3 or 4.

1L-174 and IL-17RA  immunoreactivity —and
localisation
Immunohistochemical staining revealed

that the median expression of global IL-17A
immunoreactivity was significantly elevated in the
NSCLC tissue compared with the control, normal
lung tissue (Fig. 1, A and B, p <0.05), although there
was no significant difference in the extent of this
between SCC and ADC. IL-17A immunoreactivity
was observed in macrophages, alveolar epithelial
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cells and some malignant cells in the sections from
the NSCLC patients. Similarly to IL-17A, the
median global IL-17RA immunoreactivity was also
significantly elevated in the NSCLC tissue compared
with the control tissue (Fig. 1, C and D, p <0.05),
with no difference in the extent of this between
SCC and ADC. Again similarly to IL-17A, IL-17RA
immunoreactivity was located predominantly in
epithelial cells and macrophages.

IL-17F and IL-17RC
localisation

The median global immunoreactivity for IL-
17F was significantly elevated in the NSCLC tissue

immunoreactivity — and

IL-17F

o8t
iy wR

)

C

IL-17RC ..
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compared with the control tissue (Fig. 2, A and B, p
<0.05), and again there was no significant difference
in the extent of this between SCC and ADC. IL-
17F immunoreactivity was expressed principally
in macrophages as well as epithelial cells and some
malignant cells. A similar picture was evident with
the median global expression of immunoreactivity
for IL-17RC, which was elevated in the NSCLC
tissue as compared to the control tissue, again
with no difference in the extent of this between
SCC and ADC (Fig. 2, C and D, p <0.05). Again
similarly to IL-17F, immunoreactivity was located
predominantly in macrophages but was also evident
in some malignant cells.
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Fig. 2. Immunoreactivity for IL-17F and IL-17RC in NC, SCC and ADC tissues. Representative photomicrographs of IL-17F
(A) and IL-17RC (C) expression in lung tissue sections from subjects with NC (n = 10), SCC (n = 29) and ADC (n = 30)
(original magnification x 10 and 40). Expression of IL-17F (B) and IL-17RC (D) immunoreactivity expressed as a percentage
of the entire area of the section as defined by haematoxylin staining. Arrows show examples of positively stained cells.
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Fig. 3. Immunoreactivity for IL-17E and IL-17RB in NC, SCC and ADC tissues. Representative photomicrographs of IL-17E
(A) and IL-17RB (C) expression in lung tissue sections from subjects with NC (n = 10), SCC (n = 29) and ADC (n = 30)
(original magnification x 10 and 40). Expression of IL-17E (B) and IL-17RB (D) immunoreactivity expressed as a percentage
of the entire area of the section as defined by haematoxylin staining. Arrows show examples of positively stained cells.

IL-17E  and IL-17RB
localisation

Compared with the normal control tissue, the
median global expression of IL-17E immunoreactivity
was significantly reduced in NSCLC, particularly in
SCC in which its median global expression was also
significantly reduced compared with ADC (Fig. 3, Aand
B, p <0.05). IL-17E immunoreactivity was observed
in macrophages and epithelial cells. In contrast, the
median expression of IL-17RB immunoreactivity was
low and did not significantly differ in normal control,
SCC and ADC tissue (Fig. 3, C and D). IL-17RB
immunoreactivity was observed in macrophages,
epithelial cells and some malignant cells.

immunoreactivity — and

Infiltration with Ilymphocytes, macrophages and
neutrophils

Infiltration of T lymphocytes into the lung tissue
was quantified by immunohistochemical analysis
using anti-CD3 antibody. We observed a significantly
elevated median number of CD3*T cells in the tissue
sections from the NSCLC patients compared with
those of the normal controls (Fig. 4, A and B, p
<0.05). Macrophage infiltration was assessed based
on the global expression of CD68 immunoreactivity.
Again, we observed significantly elevated median
global CD68 immunoreactivity in the tissue sections
from the NSCLC patients compared with those from
the controls (Fig. 4, C and D, p <0.05). Finally, we
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Fig. 4. Infiltration T cells, macrophages and neutrophils into NC, SCC and ADC tissues. Representative photomicrographs
of CD3* T cells (A), CD68" macrophages (C) and neutrophil elastase (NE)* neutrophils (E) in lung tissue sections from
subjects with NC (n = 10), SCC (n = 29) and ADC (n = 30) (original magnification x 10 and 40). Quantitative analysis of
numbers of CD3" T cells (B) and elastase* neutrophils (F) per unit area of lung sections. Quantitative analysis of CD68*
macrophage immunoreactivity (D) expressed as a percentage of the entire area of the section as defined by haematoxylin
staining. Arrows show examples of positively stained cells.
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Fig. 5. Relationships between expression of IL-17 family ligands and their receptors in lung tissue sections from patients
with NSCLC and subgroups of the patients with SCC and ADC. A, B) Positive correlation between IL-174 and IL-17F. C,
D) Positive correlation between IL-174 and IL-17RA. E, F) Positive correlation between IL-174 and IL-17RC.

enumerated elastase™ neutrophils in all tissue sections
and found that the median number of neutrophils
was elevated in the tissue sections from the patients
with SCC compared to those from both the patients
with ADC and the normal controls (Fig. 4, E and F,
p <0.05), with no significant difference between the
numbers in the sections from the ADC patients and
the normal controls.

Correlation of expression of IL-17 cytokine family
members and their receptors with infiltration of
inflammatory cells in NSCLC

Considering the tissue sections from all of the
patients with NSCLC, we found that the median
global immunoreactivity for IL-17A significantly
and positively correlated with that of IL-17F and
both of its receptors IL-17RA and IL-17RC (Fig.
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Fig. 6. Comparison of IL-174 mRNA levels in lung tissue of NC, SCC and ADC using Real-time-PCR.

5). The correlations between expression of IL-17A
and IL-17F and its receptor IL-17RA were retained
when considering SCC alone, whereas in the tissue
sections from the ADC patients these correlations
were lost and only the correlation between IL-17A
and its receptor IL-17RC was retained. In addition,
the numbers of CD3" lymphocytes significantly
and positively correlated with median global IL-
17A immunoreactivity considering all the patients
with NSCLC, while global CD68 immunoreactivity
significantly and positively correlated with that
for IL-17RA (data not shown). We were unable,
however, to establish any correlation in the present
study between expression of the IL-17 group
cytokines and tumour progression in the clinic.

mRNA Levels of IL-17A

Real-time PCR showed that the relative expression
of IL-17A had a trend increase in SCC compared with
control and ADC; however, there was no significant
difference between groups (Fig. 6).

DISCUSSION

In this study we present what we believe is the first
systematic comparison of the expression of the IL-
17 group of cytokines and their receptors in human
NSCLC directly ex vivo. Our data clearly support
the hypothesis that IL-17A and the homologous
IL-17F acting on their receptors IL-17RA and IL-

17RC play a role in the pathogenesis of NSCLC, a
concept which is gaining increasing inertia in the
scientific literature (21, 22). In contrast, our data are
compatible with a possible protective role for IL-
17E, the functionally distinct member of the group.

While our study has not systematically addressed
the possible sources of the [L-17 immunoreactivity
in the tissue sections from the patients with NSCLC,
it is reasonable to hypothesise that at least some of
the local IL-17 production arises from infiltrating
inflammatory cells, particularly T cells, macrophages
and neutrophils, which are all established sources
of IL-17 (5). Indeed, in our study global IL-17A
immunoreactivity correlated with infiltrating CD3*
T cell numbers in the tissue sections from all of the
patients with NSCLC (although subjective analysis
of the distribution of the IL-17 immunoreactivity
in our sections also suggests airways epithelial
cells and possibly the tumour cells themselves as
additional sources). It is further possible to speculate
that activation of these inflammatory cells by the
tumour cells contributes to a positive feedback loop,
reinforcing IL-17 production which further sustains
tumorigenesis.

The significance of our findings is reinforced by
other recent in vitro and animal studies suggesting
that IL-17A has possible roles in the initiation,
progression and metastasis of lung cancer (15, 16).
Furthermore, further studies have linked elevated
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serum concentrations of IL-17 with a poor prognosis
in patients with various types of cancer, including
lung cancer in humans (23, 24), whereas inhibition
of the IL-17 axis has been shown in animal models
to inhibit tumour invasion and propagation (25).
Most of these studies have focussed on IL-17A,
whereas our present findings also implicate the
functionally similar molecule IL-17F. Indeed, IL-17F
polymorphisms have been associated with the risk of
lung cancer in a Chinese population (26). We were
unable to establish any correlation in the present study
between expression of the IL-17 group cytokines and
tumour progression in the clinic, but this is scarecly
surprising because there were relatively few patients
with advanced disease, reducing the power of the
study to detect such changes.

While IL-17A and IL-17F have similar
biological activities, IL-17E has unique functions
and is best characterised for its promotion of Th2-
type immunity. IL-17E is produced by activated Th2
cells and mast cells, and its effects mediated through
its specific receptor IL-17RB (even though IL-
17RA is functionally required for IL-17E activity).
In the present study we observed reduced global
expression of IL-17E immunoreactivity in the tissue
sections from patients with NSCLC compared with
the controls. In contrast, expression of IL-17RB
immunoreactivity was low but unaltered in the
tumour tissue. The hypothesis suggested by our data
that IL-17E exerts anti-tumour activity is supported
by in vivo data using human lung tumour xenograft
and colon cancer models in mice (17). Our study
does not permit definition of the mechanism of this
reduced expression of IL-17E, but this will first
involve precise definition of its cells of origin in this
situation.

We have referred previously in this discussion
to the possible functional relationships between
tumour and infiltrating inflammatory cells in
NSCLC, particularly the possible feedback loop
between inflammation promoting tumorigenesis
which in turn induces further inflammation. Our
data are compatible with the hypothesis that
NSCLC contributes to IL-17 production in vivo,
thus propagating the immune response and the
drive for tumorigenesis. Macrophages are an
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important component of the tumour inflammatory
microenvironment and appear to play a key role
in the progression of lung cancer (27). It has
been reported that lung cancer cells might recruit
and polarise alveolar macrophages resulting in
differential effects on tumour progression (28,
29). Future studies should address the subtypes of
macrophages present in the microenvironment of
lung tumours and their capacity to produce IL-17
group cytokines.

Neutrophils, another key component of
inflammatory cellular infiltration have also recently
received increased attention as a new type of
tumour-infiltrating immune cell that may influence
tumour growth and metastasis (30, 31). It has been
reported that both IL-17A and IL-17F have the
ability to promote neutrophil recruitment, since
IL-17RA signalling up-regulates production of
chemokines promoting neutrophil immigration (32).
In the present study we observed a greater degree of
neutrophilic inflammation in tissue sections from
patients with SCC compared with ADC, suggesting
that the propensity of tumour cells to attract
neutrophils may vary with their phenotype.

Finally, our data also suggest the possibility that
IL-17A may interact with distinct receptors in lung
cancer cells according to their phenotype. It is worth
to note that real-time PCR just showed the trend
increase in the relative expression of IL-17A in
SCC compared with other two groups, which were
not consistent with their protein expression. This
suggests that certain protein expression can not only
regulated at transcription level but also at translation
level and turn over level, as well as maintainnece
of the stability of protein through changing tumour
microenvironment (33, 34).

Obviously our study has some limitations.
Because of the relative paucity of patients with
very advanced disease, it is difficult to extrapolate
our data to patients with a wider range of disease
severity. Our data remain largely observational and
must be reinforced with further functional studies
of the effects of IL-17 on tumour formation and
metastasis and its interaction with the inflammatory
microenvironment in lung cancer, so that cogent
new therapeutic targets may be identified.
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Apelin, a peptide hormone that has been linked to insulin resistance, obesity and glucose metabolism,
coexists with arginine vasopressin (AVP) in hypothalamic magnocellular neurons that control body fluid
homeostasis. The significant correlation between serum glucose and serum osmolarity in uncontrolled
DM indicates the need for adequate compensation, but how apelin and AVP contribute to this is still
unsettled. This study aims to investigate the interaction between apelin and AVP in osmotic regulation
in type 2 diabetes mellitus (T2DM), and to explore the underlying mechanism. Forty-eight adult male
albino rats were divided into six groups: control (isotonic, ip 0.9% NaCl; hypotonic, ip distilled water;
hypertonic, ip 2% NaCl) groups and T2DM (isotonic, hypotonic, hypertonic) groups. Serum levels of
AVP, apelin, Na, glucose, serum and urine osmolarity were measured; kidney samples were taken for
Aquaporin 2 channels (AQP2) and epithelial sodium channel gamma subunit (ENaCy) gene expression.
Hypothalamic tissue sections were used for immunohistochemical staining of apelin and AVP. Both
in control and diabetic groups serum apelin, showed a significant negative correlation with serum
AVP (r=-0.533, p< 0.001). Serum apelin and AVP were inversely proportional to their hypothalamic
protein expression. Serum apelin and AVP were significantly higher in diabetic rats (P=0.001) yet their
percentage change in response to hypo and hyper-osmotic stimuli (1.5+0.7, -0.34+0.15 and -0.38+0.13,
1.95+0.36, respectively) was less pronounced when compared to control rats (3.28+0.52, -0.59+0.12 and
-0.45+0.13, 2.58+0.93, respectively). Na and ENaCy levels significantly increased in hypertonic rats,
while AQP2 gene expression significantly increased in hypotonic rats. Both apelin and AVP reacted to
osmotic stimuli in T2DM but with less sensitivity than in control rats. In spite of its abnormal increased
levels in diabetic rats, apelin maintained its role through counteracting AVP action.

Diabetic patients frequently face acute osmotic ketotic diabetic coma (5-20% mortality rate) (2).
challenges that are life-threatening such as diabetic This makes the study of physiological mechanisms to
ketoacidosis (1-5% mortality rate) (1) and non- counteract acute osmotic stress in diabetes mellitus
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(DM) of great importance.

DM is linked to both hypo- and hyper-natremia
reflecting the coexistence of hyperglycemia-related
osmotic effects. Fasting blood glucose is known to
be statistically correlated with the serum sodium
concentration as well as serum osmolality (3).

Arginine vasopressin (AVP), is known to be
released from the neurosecretory magnocellular
neurons into the fenestrated capillaries of the
posterior pituitary in response to variations in serum
osmolality and plasma volume or under action of
different neurohormones including angiotensin
(Ang) II or III and natriuretic peptides (4).

An endogenous peptide, apelin, initially isolated
from extracts of bovine stomach, was also identified
in rat hypothalamic extracts. It is believed that apelin
plays a role in neuroendocrine control of processes
such as regulation of blood pressure, drinking,
and food intake (5). Double immunofluorescence
staining showed the colocalization of apelin with
AVP in magnocellular supraoptic (SON) and the
paraventricular (PVN) hypothalamic neurons, which
raises the possibility that apelin and AVP are both
involved in body fluid homeostasis in response to
osmotic or volemic stimuli (6). In water homeostasis,
it has been hypothesized that, in addition to the
feedback control exerted by AVP on its own release,
apelin may regulate AVP release (6). There is evidence
that apelin acts to counteract AVP actions through
regulation of AVP neuronal activity and AVP secretion
(7, 8). Apelin has also been suggested to have an
intrarenal effect being expressed in the rat and human
kidney collecting ducts (9). Apelin receptor mRNA
expression in the rat kidney has been detected along
the vasa recta of the outer medulla (10).

Several  pathologic  disorders, including
hyponatremia and polyuria-polydipsia syndrome,
were found to significantly alter apelin and AVP
secretion, probably in an effort of the apelin/AVP
system to restore the water balance mediated by the
two hormones (11). However, to our knowledge, the
apelin/AVP interaction in cases of DM has not yet
been explored, although it is an area of interest, being
a chronic osmotic challenge altering both apelin and
AVP secretion.

In addition to its role in urine concentration and
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body water homeostasis, AVP has also been suggested
to play a part in glucose homeostasis (12). Apelin
is also detected in adipose tissue, and is observed
to have glucose-lowering effects both in fasting
conditions and during glucose tolerance test (13).
Although the role of apelin in glucose homeostasis
was confirmed by the phenotype of apelin null
(apelin™) mice exhibiting hyperinsulinemia and
insulin resistance (14), it is not understood whether it
maintains its role in body fluid homeostasis together
with AVP in such conditions or not.

The current study aims to investigate the
interaction between apelin and AVP in response to
acute osmotic stimuli in type 2 diabetic rats and to
explore the underlying mechanisms.

MATERIALS AND METHODS

Experimental animals

A total of 48 adult male albino rats (150-200 g)
were used in this study. The experimental protocol and
procedures were approved by the Committee of the Ethics
of Animal Experiments of the Faculty of Medicine, Cairo
University. Rats were provided with veterinary care by the
Laboratory Animal House Unit and were housed in wire
mesh cages at a comfortable temperature of 23+1°C on an
alternating 12:12 h light-dark cycle and had free access to
rat chow and water. All animal procedures were performed
in the Physiology and Biochemistry Departments, Faculty
of Medicine, Cairo University, Egypt.

Experimental protocol

The rats were randomly divided into the following
groups (n= 8 rats in each group). Group 1: control
isotonic group, which received intraperitoneal (ip)
isotonic 0.9% NaCl, 2ml/100g Body weight (BW). Group
2: control hypotonic group, which received ip distilled
water, 2ml/100g BW. Group 3: control hypertonic group,
which received ip 2% NaCl, 2ml/100g BW. Rats of the
remaining groups received high fat diet (HFD) (20 kcal%
protein, 20 kcal% carbohydrate, and 60 kcal% fat) for 14
days then were given a low dose streptozotocin (STZ)
injection 30 mg/kg for induction of T2DM and were kept
on HFD till day 20 (15). Group 4: type 2 diabetic isotonic
group, rats received ip isotonic 0.9% NaCl, 2ml/100g BW.
Group 5: type 2 diabetic hypotonic group, rats received ip
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distilled water, 2ml/100g BW. Group 6: type 2 diabetic
hypertonic group, rats received ip 2% NaCl, 2ml/100g
BW. On day 20, when the experiment was carried out,
in the HFD + STZ rats (group 4, 5 and 6), T2DM was
confirmed by measuring fasting serum glucose, fasting
insulin levels and homeostasis model assessment insulin
resistance index (HOMA-IR) was calculated.

Thirty minutes after acute osmotic challenge, urine
samples were collected separately for each rat, using
special cages (16) for measurement of urine osmolarity.
Rats were anaesthetized using intraperitoneal ketamine
(90 mg/kg) and xylazine (15 mg/kg), blood samples were
obtained by retro-orbital route, to measure serum levels of
AVP, apelin, Na" and glucose.

The rats were then sacrificed by decapitation, the left
kidneys were removed to measure aquaporin 2 (AQP2)
channels and epithelial sodium channel gamma subunit
(ENaCy) gene expression.

Hypothalamic tissue sections were collected for
immunohistochemical staining of apelin and AVP. The
hypothalamic tissue was recognized by its anatomical
relation to the pituitary gland and optic chiasma.

Detection of AQP2 and ENaCy gene expression by real
time PCR
Total RNA extraction

Total RNA was extracted from tissue homogenate
using SV Total RNA Isolation System (Promega, Madison,
WI, USA) according to manufacturer’s instructions. The
RNA concentrations and purity were measured with an
ultraviolet spectrophotometer.

Complementary DNA (cDNA) synthesis

The cDNA was synthesized from 1 pg RNA using
SuperScript III First-Strand Synthesis System as
described in the manufacturer’s protocol (#K1621,
Fermentas, Waltham, MA, USA). In brief, 1 pg of
total RNA was mixed with 50 pMoligo (dT) 20, 50 ng/
pL random primers, and 10 mMdNTP mix in a total
volume of 10 pL. The mixture was incubated at 56°C
for 5 min, and then placed on ice for 3 min. The reverse
transcriptase master mix containing 2 pL of 10x RT
buffer, 4 uL of 25 mM MgCl2, 2 uL of 0.1 M DTT, and
1 uL of SuperScript® III RT (200 U/uL) was added to the
mixture and was incubated at 25°C for 10 min followed
by 50 min at 50°C.
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Real-time quantitative PCR

Real-time PCR amplification and analysis were
performed using an Applied Biosystem with software
version 3.1 (StepOne™, USA). The reaction contained
SYBR Green Master Mix (Applied Biosystems), gene-
specific primer pairs (Table I) and were designed with
Gene Runner Software (Hasting Software, Inc., Hasting,
NY, USA) from RNA sequences from the gene bank.
All primer sets had a calculated annealing temperature
of 60°C. Quantitative RT-PCR was performed in a 25-
pl reaction volume consisting of 2X SYBR Green PCR
Master Mix (Applied Biosystems), 900 nM of each primer
and 2 pl of cDNA. Amplification conditions were: 2 min at
50°C, 10 min at 95°C and 40 cycles of denaturation for 15
s and annealing/extension at 60°C for 10 min. Data from
real-time assays were calculated using the v1-7 sequence
detection software from PE Biosystems (Foster City, CA,
USA). Relative expression of studied gene mRNA was
calculated using the comparative Ct method. All values
were normalized to beta actin which was used as the
control housekeeping gene and reported as fold change
over background levels detected in the diseased groups.

AVP and apelin were determined by enzyme linked
immunosorbent assay kits, which were supplied by
MyBiosource, USA according to the manufacturer’s
instructions (17).

Osmolarity of urine samples was determined on a
cryoscopicosmometer (Fisk, Mark3 Osmometer, and
Norwood, MA, USA) by freezing point depression.

Na* was measured by routine laboratory investigation

(16).

Concise immunohistopathological staining of AVP and
apelin in hypothalamic tissue

Representative sections of hypothalamus from each
rat were obtained and preserved in 10% neutral buffered
formalin for histopathological evaluation. Tissues
were embedded in paraffin blocks, and 3-4 pm-thick
sections were sliced from the prepared paraffin block.
One was stained with Hematoxylin & Eosin to detect
scattered astrocytic nuclei in the neuropil background
of hypothalamus. The other 2 sections were mounted
on positive charged slides. The slides were manually
stained immunohistochemically with antibodies to AVP
and apelin. Staining was carried out according to the

manufacturer’s instructions for each marker. All primary
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antibodies, clones, and dilutions are listed in Table II.
Positive and negative controls were applied for each
run of staining. AVP positive control is hypothalamic
tissue where staining showed noticeable heterogeneity.
Cerebellar tissue was used as positive control for apelin.

Immunohistochemical evaluation of the staining was
done semiquantitatively using H-score which combines
both intensity and percentage of positive cells in each
section. The staining for both AVP and apelin was primarily
localized in cell bodies and processes. The intensity of
immunostaining was assessed as follows: 1 — mild, 2 —
moderate, and 3 —strong. H-score was calculated according
to the formula X [intensity of staining X percentage of
stained area] (18). Scoring was independently carried out
blinded to the treatment groups of animals. A consensus
agreement was made for mismatched scores.

Statistical analysis
Data were collected, tabulated and statistically

Table 1. Primer sequence of the studied gene.

A.F. DAWOOD ET AL.

analyzed using SPSS software statistical computer
package version (IBM SPSS Statistics for Windows,
Version 22.0. IBM Corp., Armonk, NY, USA). Data were
tested for normality of distribution, with calculation of
the mean and standard deviation for all parameters. #-test
was used to compare between different variables among
diabetic and non-diabetic rats. The one-way ANOVA
(Analysis of variance) test with Bonferroni’s multiple
comparison with selected pairs Post-Hoc test was used
to compare different variables among different tonicity
groups. Significance level was adopted at P <0.05.

Pearson Correlation was conducted to study the
relationship between apelin, vasopressin, AQP2 and
ENaCy among the studied groups, scores P <0.05 were
considered statistically significant.

RESULTS

Insulin resistance and T2DM were confirmed in

Primer sequence

ENaCy Forward primer :5’- GGAGCGTCTCCAGACTGTAC -3
Reverse primer 5'- ACGCACCACGCCCTGTGGCT - -3’

AQP2 Forward primer :5’- CACTTAGAGGCGGTGGGGTAAG -3
Reverse primer 5'-TTGAGTCCAGACGCCTTTGA -3

Beta actin Forward primer :5’-GGTCGGTGTGAACGGATTTGG -3

Reverse primer:5- ATGTAGGCCATGAGGTCCACC-3

Specific primer sequence of ENaCy (epithelial sodium channel gamma subunit), AQP2: aquaporin 2 channels and b-actin

(used as housekeeping gene)

Table II. Reagent and conditions used for immunhistologic studies.

Antibody Clone Dilution | Cellular | Manufacturer
location
Vasopressin Ab 1/100 secreted Abcam
68669
Apelin Ab 1/500 secreted Abcam
59469

Primary antibodies, clones, and dilutions for immunostaining
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HFD + STZ rats through the results of body weight
(gm), fasting serum glucose( mmol/L), fasting
insulin (ulU/ml) and (HOMA-IR) calculation at day
20 of the experiment (301.87+16.24, 12.14+1.4,
17.56+2.4, 9.5+£2.03, respectively) compared to
day 1 of the experiment (170.62+16.78, 4.65+0.5,
10.5540.48, 2.14+0.22 respectively) (P < 0.0001).

Comparative study between the effects of
change in osmolarity of body fluid in the control
non-diabetic rats revealed a significant increase in
the mean values of serum level of AVP (pg/ml), Na
(meq/l), gene expression of ENaCy, serum tonicity
(mosm/kg), urine tonicity (mosm/kg) and H-score of
apelin in the control hypertonic group as compared
to corresponding values in control isotonic group
(Table III and Fig. 1). However, there was a
significant decrease in the mean value of serum level
of apelin (ng/ml) and H-score of AVP in the control
hypertonic group as compared to the control isotonic
group. While the mean value AQP2 gene expression
showed no significant difference between the control
hypertonic group and control isotonic group.

On the other hand, there was a significant
decrease in the mean values of serum level of AVP
(pg/ml), Na (meg/1), serum tonicity (mosm/kg), urine
tonicity (mosm/kg) and apelin H-score in the control
hypotonic group as compared to corresponding
values in control isotonic group. Moreover, there
was a significant increase in the mean values of
serum level of apelin (ng/ml), AQP2 gene expression
and AVP H-score in the control hypotonic group as
compared to control isotonic group. While the mean
value ENaCy gene expression showed no significant
difference between the control hypotonic group and
control isotonic group

Induction of DM by combining HFD and low-
dose STZ resulted in a significant increase (p-value
<0.05) in the mean values of serum level of AVP (pg/
ml), Apelin (ng/ml), Na (meq/l) and serum tonicity
(mosm/kg) in diabetic isotonic group compared to
their corresponding values in the control isotonic
group. However, there was no significant difference
between the mean values of AQP2, ENaCy gene
expression and urine tonicity (mosm/kg) between
the two studied groups. Immunohistochemical
expression of apelin and AVP in hypothalamic tissue
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showed that H-score of apelin was significantly
increased in diabetic rats as compared to control
rats in the state of isotonicity, while AVP expression
showed no statistically significant difference among
both groups (Table III and Fig. 1).

Comparative study between the effects of change
in osmolarity of body fluid on different studied
parameters in the diabetic rats revealed a significant
increase in the mean values of serum level of AVP (pg/
ml), Na (meq/l), ENaCy gene expression and serum
tonicity (mosm/kg) and apelin H-score in the diabetic
hypertonic group as compared to corresponding
values in the diabetic isotonic group (Table III and
Fig. 1). However, there was a significant decrease
in the mean values of serum level of apelin (ng/ml)
while the mean values of AQP2 gene expression and
urine tonicity (mosm/kg) and AVP H-score in diabetic
hypertonic group showed no statistical significance as
compared to diabetic isotonic group (Fig. 2).

On the other hand, there was a significant
decrease in the mean values of serum level of AVP
(pg/ml), Na (meq/l), serum tonicity (mosm/kg)
and urine tonicity (mosm/kg) and apelin H-score
in the diabetic hypotonic group as compared to
corresponding values in the diabetic isotonic group
while the mean value of ENaCy gene expression in
the diabetic hypotonic group showed no statistical
significance as compared to the diabetic isotonic
group. Moreover, there was a significant increase in
the mean values of serum level of apelin (ng/ml) and
gene expression of AQP2 and AVP H-score in the
control hypotonic group as compared to the control
isotonic group (Fig. 2).

Percentage increase of serum levels of apelin
(1.5+£0.7) and percentage decrease of serum levels
of AVP (- 0.384+0.13) in response to hypotonicity
in the diabetic groups were less pronounced than
their percentage change in the corresponding control
groups (3.28+0.52; -0.4540.13, respectively).

In addition, percentage decreases of serum
levels of apelin (- 0.34+0.15) and percentage
increase of serum levels of AVP (1.95+036) in
response to hypertonicity in diabetic groups were
less pronounced than their percentage change in
the corresponding control groups (- 0.59+0.12;
2.58+0.93, respectively).
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The correlations between apelin, vasopressin, AQP2
and ENaCy among the studied groups

Among all the studied groups, there was a
significant negative correlation between serum apelin
and vasopressin levels. Moreover, AQP expression
significantly negatively correlated with plasma
AVP levels while significantly positively correlated
with plasma apelin levels, and ENaC expression
significantly positively correlated with plasma AVP
levels while significantly negatively correlated with
plasma apelin levels (Fig. 3).

DISCUSSION

The coexistance of apelin and AVP in

A.F. DAWOOD ET AL.

magnocellular neurons, tied with the fact that
they have contradictory biological effects and
regulation mechanisms, confirm their interrelated
roles maintaining body fluid homeostasis. There
is no evidence yet whether this role is maintained
in diabetic patients highly exposed to a number of
osmotic crises such as diabetic ketoacidosis and
hyperosmolar hyperglycemic state.

The present study attempted to compare the
response of these two peptides to acute osmotic
stimuli both in control and diabetic rats. We chose
to collect our samples 30 minutes after the osmotic
stimuli as previous studies showed that AVP secretion
reaches a peak at this timing (8).

In our control rats, a significant negative

Table II1. Serum tonicity, Na, AVP, apelin , urine tonicity and hypothalamic AVP and apelin immunoreactivity among the

studied groups. i

2 | 3F | 38 | 2g | g% g £

B8 8 8 O 5 8 © g © O o o

2 3 2 £ = T S 2 23 25

Sz | S| S& | A2 | A5 | A%

B~ 2 z A LA Az A z

4.1+ 214+ | 14.02= | 6.26% 3.84+ 18.35%

AVP (pg/ml) | 0.14* | 1.18* | 064* | 083@ | 144@
Apelin 1435 | 61.04+ 5.8+ 418+ | 99.89+ | 2654+
(ng/ml) 1.69 6.62% 1.82% 921* | 11.85@ | 3.59@
Na(meql) | 13079 | 10576+ [ 190626 | 16426+ | 12789 | 21725
4 +4.66 | 2.77* 2.58% 7.46* 4.13@ | 30.26@

tiiﬁgﬁ’y 289.47 | 27425+ | 321.55+ | 306.44% | 29561+ | 333.84+

* % %
(mosmigy | T454 | 259 4.08 1.82 45@ 5.92@
tiﬂﬁfy 1402.5 | 1075+ | 1417.5+ | 137437 | 950+ | 1463.7+2
%
(mosmgy | £1785 | 5169 2375 | £1758 | 563 @ 04.23
imm‘gj’stain ;5106 197.5¢ | 8125+ | 152.5& | 223.75+ | 98.7+
. : 66.06* | 20.3* 26 5125@ | 26.95@
ing H score
imnilfilsriam 8375+ | 525+ | 1425+ | 14875+ | 68.75+ | 18625+
. 16.8 15.8% | 72.06*% | 23.56* | 284@ | 56.25@
ing H score

Values are represented as mean+ SD; *: Statistically significant compared to corresponding value in control isotonic group
(P<0.05), @: Statistically significant compared to corresponding value in diabetic isotonic group (P<0.05). Isotonic
groups received (ip) isotonic 0.9% NaCl, 2ml/100g BW, hypotonic groups received ip distilled water, 2ml/100g BW ,
hypertonic groups received ip 2% NaCl, 2ml/100g BW 30 minutes before samples collection. (AVP, arginine vasopressin,
Na, serum sodium)
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Fig. 2. Sections from hypothalamic tissue stained with AVP immunohistochemistry showed moderate staining in diabetic
isotonic rats (A), strong staining in diabetic hypotonic rats (B) and mild cytoplasmic staining of AVP in diabetic hypertonic
rats (C). Sections stained with apelin show moderate staining in diabetic isotonic rats (D), mild cytoplasmic staining of
apelin in diabetic hypotonic rats (E), and strong staining in diabetic hypertonic rats (F). Original magnification is
X100. Immunohistochemical evaluation of the staining was done semiquantitatively using H-score which combines both
intensity and percentage of positive cells in each section.
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Fig. 3. The correlations between serum level of apelin, vasopressin and whole kidney gene expression of AQP2 and
ENaCy among the studied groups. Among all the studied groups, there was a significant negative correlation between
serum apelin and AVP levels (r=-0.533, p<0.001) (A), AQP expression showed significant negative correlation with
serum AVP level (r=-0.533, p<0.001) (B), and showed significant positive correlation with serum apelin level (r=0.908,
p=0.001) (C), ENaCy gene expression was significantly positively correlated with serum AVP level (r=0.882, p<0.001)
(D) while significantly negatively correlated with serum apelin level (r=-0.387, p=0.007) (E).

correlation between serum apelin concentration and
serum AVP concentration was observed 30 minutes
after the acute osmotic challenge. Immunostaining of
hypothalamic tissue for both apelin and AVP showed
an inverse relation between their hypothalamic IR in
comparison to their serum concentration.

Taken together, our data support previous studies
indicating that AVP and apelin are regulated in
opposition to maintain osmotic homeostasis (7).
Dehydration stimulates the release of AVP from
the magnocellular neurons into the bloodstream,
and promotes apelin accumulation in these neurons
rather than being released into the blood stream
(19). In the current study, induction of T2DM and
the resulting hypertonicity were accompanied
by a parallel significantly higher serum level of
AVP and apelin in diabetic groups as compared to
their corresponding values in the control groups.
Intriguingly, hypothalamic apelin and AVP IR
in diabetic rats were also significantly higher as
compared to control rats in the state of isotonicity.

Accumulating experimental and clinical evidence

has shown that both plasma apelin (20, 21) and AVP
(22) concentration are upregulated in T1IDM and
T2DM. It is also noteworthy that the SON and PVN
nuclei were found to be hypertrophied in diabetic
rats (23).

The increase in serum levels of AVP in diabetic
rats is explained as an effort to conserve water in
the face of an overwhelming solute diuresis resulting
from glycosuria, which may lead to diabetes-
associated hypovolemia (22). Also, there is resetting
of the osmoreceptor for AVP secretion in such a
way that higher plasma AVP levels are observed at
comparable levels of plasma Na* (24).

The increased level of serum apelin detected in
diabetic rats in the current study goes along with
previously published clinical and experimental
studies (21, 25).

Earlier studies demonstrated that although
basal plasma AVP values were significantly higher
in hyperglycemic patients compared to controls,
the sensitivity of the AVP response to osmotic
stimuli was significantly decreased. This decreased
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sensitivity is likely attributable to several factors
such as diabetic-induced hyperosmolarity and /
or hypovolemia, exhaustion of AVP pool and
resetting of osmotic threshold for AVP release from
magnocellular neurons (26).

However, to our knowledge, no such study was
conducted to investigate the response of apelin
to osmotic stimuli and its relation to AVP in such
conditions. Thus, one of the important aims of the
current study was to highlight the impact of T2DM,
as a chronic osmotic challenge, on apelin/AVP
interaction in response to different acute osmotic
stimuli, despite their altered levels in this diabetic
milieu.

Our study shows that the reciprocal relationship
between serum AVP and serum apelin in response
to acute osmotic stimuli in diabetic groups was
maintained, despite their significantly higher levels,
compared to their corresponding values in the control
groups. More importantly, the percentage change of
both peptides in response to osmotic stimuli was less
pronounced. The inverse relationship between the
above-mentioned serum levels of both apelin and
AVP and their hypothalamic protein expression was
also maintained.

Theseresults provide evidence that both apelin and
AVP probably maintain their role in osmoregulation
in T2DM but with elevated threshold.

For an organism to maintain its water balance, the
kidneys should prevent additional water loss through
the antagonistic regulation of apelin and AVP (6).
Collecting ducts (CD) are considered responsible for
the fine tuning of salt and water excretion, relying on
ENaCy and AQP2 expressed at the apical surface of
principal cells (27).

In our control rats, after 30 minutes, acute
hypertonic stimulus caused a significant increase
in mean values of ENaCy but without changing
the mean values of AQP2 expression. On the other
hand, acute hypotonic stimulus caused a significant
increase in the mean values of AQP2 expression but
without changing the mean values of the ENaCy.

Although our findings are unexpected in view
of the current knowledge on effects of plasma
osmolarity on AQP2 expression, the increased gene
expression of AQP2 in hypotonic rats in this study

1125

could possibly be considered as an initial protective
behavior by the cells in response to hypotonic
stimulus that would most probably be reversed by
time. In our data, despite increase in the mean value
of gene expression of AQP2 in hypotonic control
group, the mean values of urine tonicity decreased.
These results suggest that this early increase in gene
expression may not be associated with an overall
net increase in AQP2 translocation to the apical
membrane. This hypothesis and the underlying
mechanism should be investigated at the cellular
level.

This suggested dual effect of osmotic stimuli on
AQP2 gene expression was also addressed by Hasler
et al., who observed that NaCL-induced increase
in osmolarity caused an initial downregulation of
AQP2 gene expression which was followed 24 hours
later by its upregulation. It has been shown that this
transient AQP2 downregulation may be attributed
to cellular water depletion, demanding osmolyte
intracellular accumulation, an adaptive process
required for renal epithelial cell survival. (28). Upon
completion of osmolyte accumulation, this inhibitory
effect is released with subsequent increase in the
AQP2 expression and regaining transcellular water
flux (29). In the long-term, AVP and hypertonicity
increased AQP2 expression in a synergistic way (28).

Additionally, in our results, there was positive
correlation between AVP level and ENaCy
expression in the hypertonic group. AVP improves
urine concentration through stimulating sodium
reabsorption that occurs at the level of the collecting
ducts, and promotes additional iso-osmotic water
reabsorption. This effect is thought to involve the
activation of the ENaC (30). Besides the acute
impact of AVP on ENaC-dependent sodium transport
(31), it has some influence on the expression of
ENaC subunits by activating the vasopressin type 2
receptor (32).

Also, regarding apelin, together with its central
effect of apelin on AVP neurons, several studies
suggest that the aquaretic outcome of apelin involves
also a direct renal effect. In a subpopulation of
cortical glomerular cells, apelin receptor mRNA
has been detected along the vasa recta of the outer
medulla, a region of the kidney believed to be critical
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in controlling water and sodium balance (10).

It was demonstrated that apelin counteracted
the AVP-induced cAMP production and [Ca™]
immobilization via vasopressin receptor 2 (V2R),
an effect that was studied on microdissected CD and
thought to be responsible for AQP2 trafficking to the
apical membrane and enhancing the physiological
antagonist effect of vasopressin receptor 1a (V1a-R)
on V2R (9).

To our knowledge, our study could be the first
evidence demonstrating a significant correlation
between the level of apelin and ENaCy expression
after 30 minutes of hypertonic osmotic challenge.
The effect of the osmotic challenge on AQP2 and
ENaCy channel expression in our diabetic rats was
similar to its effect in our control rats.

In conclusion, both apelin and AVP reacted to
osmotic stimuli in T2DM but with less sensitivity
than in normal control rats. In spite of its increased
levels in diabetic rats, apelin maintained its role in
osmoregulation through counteracting AVP actions
on ENaCy and AQP2 channels.

It would be of interest to investigate serum apelin
and AVP levels in parallel with AQPs and ENaCy
channels at different time intervals and in various
other pathologic states of hypo or hyperosmolarity.

The probable unsafe exposure of diabetic
patients to acute osmotic stimulus without medical
intervention to study the innate Apelin/AVP
interaction in DM, could be considered the limitation
of our study that necessitated the use of experimental
animals in which the response may be not identical
to humans.
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GENES INVOLVED IN REGULATION OF CELLULAR METABOLIC PROCESSES,
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Extraordinary abilities for continuous proliferation and differentiation, associated with constant
renewal triggered by stimulation from the mastication process, together with the relative lack of
aesthetic complications associated with post-surgery healing, have highlighted buccal pouch mucosa as
a potential source of explants that could be used in transplantation and tissue engineering. Additionally,
this tissue plays a major role in the oral drug delivery process, which brings special interest to its
molecular properties in the context of new drug development. There is therefore a need to analyse
the exact mechanisms of oral mucosa functioning, especially when it comes to the processes that are
associated with the potential clinical applications. In this study we analysed a complete transcriptome
of long-term in vitro cultures of porcine buccal pouch oral mucosa cells. Using a microarray approach,
we focused on genes associated with cellular metabolic processes, signalling and adhesion, from 4 gene
ontology groups: “Positive regulation of cellular component movement”, “Positive regulation of cellular
process”, “Positive regulation of intracellular signal transduction” and “Single organism cell adhesion”.

Nineteen genes (CCL8, CXCL2, PLK2, DUSPS, PTGS2, LIF, CCL2, ATP1B1, REL, ITGB3, SCARBI,
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UGCG, PDPN, LYN, ETS1, FCERI1G, TGFB1, RFC4, LMO?2) with fold changes higher than |2| and
p value <0.05 were identified, described in context and analysed. While the study needs much further
validation to become applicable in a clinical environment, it yields valuable information about the
transcriptomic basis of oral mucosal cell functioning in vitro, that might serve as a reference for further
research, aiming to apply this knowledge in clinical situations.

Key words: oral mucosa, microarrays, cell culture

The oral mucosal tissue is an extraordinary
example of cellular balance, functioning to maintain
integrity and content homeostasis. Consisting of
large numbers of keratinocytes and fibroblasts, with
their mutual proportion proprietary to its location
and function, an enormous amount of regulation
is required to maintain its structure (1). The tissue
also exhibits significant regenerative potential, as
forces of mastication cause continuous damage, that
needs constant repair. It is therefore considered one
of the top tissues that could be adopted for wide
use in regenerative and reconstructive medicine
(2). It is also the focus of scientists, as it exhibits
one of the most prominent targets in drug delivery
(3). However, while sampling of oral mucosa for
autologous grafts presents better aesthetic outcomes
than in other tissues, and with its epithelial origin
and large plasticity facilitating transplant into many
desired physiological regions, the amount of tissue
that can be taken for these purposes is still limited. It
is also the case when collecting samples for research
purposes, as the material must be sources from
deceased specimen or animal models for ethical
reasons. All these limitations can be overcome
with the use of bioengineered tissue, grown in vitro
from small tissue explants. This approach would
eliminate the need for large scale excisions being
made to match the graft size, as well as allowing for
a potentially unlimited source of research material
(4). However, nowadays while the physiology and
anatomy of most of the human tissues is relatively
well known, the exact molecular mechanisms
underlying their functioning are far from being
discovered. Consequently, there is extensive basic
research to be carried out to lay foundations for
future in vivo and clinical studies that would allow
for further advancements of many aspects of science

and medicine associated with oral mucosa.

Hence, in this study we employ novel microarray
technology to screen the transcriptome of primary
oral mucosal cell culture and analyse the specific
gene groups, associated with processes occurring
while the cells are grown and maintained in vitro.
Through that, we hope to gain insight into the impact
that the ex vivo environment has on the oral mucosa,
while identifying new markers of the processes
occurring during the long-term culture. This should
allow to create points of reference for future studies,
aiming to apply the knowledge in various clinical
situations.

MATERIALS AND METHODS

Animals

For this study, a total of 35 pubertal crossbred Polish
Landrace gilts (young female pigs), bred on a commercial
local farm were used. The animals had a mean age of 155
days (range 140—170 days) and the mean weight was 100
kg (95-120 kg). All of the animals were housed under
identical conditions and fed the same forage (depending
on age and reproductive status). All experiments were
approved by Local Ethics Committee of the Poznan
University of Life Sciences, Poland (permission no.
32/2012, 30.06.2012).

Cell isolation and culture

After slaughter, samples of buccal pouch mucosa were
obtained within 40 min and transported to the laboratory.
The excised tissue was washed twice in Dulbecco’s
phosphate buffered saline (D-PBS) (137 mM NaCl, 27
mM KCI, 10 mM Na,HPO,, 2 mM KH,PO,, pH 7.4).
The surface of the buccal pouch was surgically removed
using sterile surgical blades. The tissue fragments were
incubated with 0.05% collagenase I (Sigma Aldrich,
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Madison, WI, USA) for 2 hours at 37°C in a shaking water
bath and then were treated witch 0.5% Trypsin/EDTA
(Cascade Biologics, Portland, OR, USA) for 10 min. The
cell suspension obtained from this digestion was filtered
through mesh to remove non-dissociated tissue fragments.
Isolated cells were washed three times by centrifugation
(10 min at 200x g) with Dulbecco’s modified Eagle’s
medium (DMEM; Sigma Aldrich, Madison, WI, USA)
supplemented with gentamicin (20 pg/mL) and 0.1%
BSA. The final cell pellet was resuspended in DMEM
supplemented with 10% fetal calf serum (FCS; Sigma
Aldrich, Madison, WI, USA) and 10 U/mL penicillin G,
10 mg/mL streptomycin, and 25 pg/mL amphotericin B.
Cell viability was 90 to 95% as determined by trypan
blue staining (Sigma Aldrich, Madison, WI, USA). The
cells were cultured at 37°C in a humidified atmosphere
of 5% CO,. Once the oral mucosal cell cultures attained
70-80% confluency, they were passaged by washing with
PBS, digested with 0.025% Trypsin/EDTA (Cascade
Biologics, Portland, OR, USA), neutralized by a 0.0125%
trypsin inhibitor (Cascade Biologics, Portland, OR,
USA), centrifuged, and resuspended at a seeding density
of 2 x 104 cells/cm? The culture medium was changed
every three days. Before the collection of cells for the
analysed samples, photos of the culture were taken to
monitor the possible changes of morphology (Fig. 1). The
reference sample photos (24 h) are not shown in the figure
because of the difficulties in obtaining clear photograph
of a primary culture in such early stages, due to visual
contaminants proprietary to such culture.

Microarray expression analysis and statistics

Total RNA (100 ng) from each pooled sample [the
isolation method has been previously described (5)] was
subjected to two rounds of sense cDNA amplification
(Ambion® WT Expression Kit). The obtained cDNA was
used for biotin labeling and fragmentation by Affymetrix
GeneChip® WT Terminal Labeling and Hybridization
(Affymetrix). Biotin-labeled fragments of cDNA (5.5 pg)
were hybridized to the Affymetrix® Porcine Gene 1.1 ST
Array Strip (48°C/20 h). Microarrays were then washed
and stained according to the technical protocol using
the Affymetrix GeneAtlas Fluidics Station. The array
strips were scanned employing Imaging Station of the
GeneAtlas System. Preliminary analysis of the scanned
chips was performed using Affymetrix GeneAtlasTM

Operating Software. The quality of gene expression data
was confirmed according to the quality control criteria
provided by the software. The obtained CEL files were
imported into downstream data analysis software, as
previously described.

All the presented analyses and graphs were performed
using Bioconductor and R programming languages. Each
CEL file was merged with a description file. To correct
background, normalize, and summarize results, we used
the Robust Multiarray Averaging (RMA) algorithm.
To determine the statistical significance of the analysed
genes, moderated #-statistics from the empirical Bayes
method were performed. The obtained p-value was
corrected for multiple comparisons using Benjamini
and Hochberg’s false discovery rate. The selection of
significantly altered genes was based on a p-value lower
than 0.05 and expression higher than two-fold.

The differentially expressed gene list was uploaded to
DAVID software (Database for Annotation, Visualization
and Integrated Discovery) by bioconductor package
“RDAVIDwebservice”. From significantly enriched Gene
Ontology terms extracted by DAVID software we selected
those that contain more than 5 genes and Benjamini test p
value lower than 0.05.

Subsequently, we analysed the relationship between
the genes belonging to chosen GO terms with GOplot
package. The GoPlot package had calculated the z-score:
the number of up- regulated genes minus the number of
down- regulated genes divided by the square root of the
count. This information allowed to estimate the change
course of each gene-ontology term.
between
expressed genes/proteins belonging to the chosen GO

Moreover, interactions differentially
terms were investigated by STRING10 software (Search
Tool for the Retrieval of Interacting Genes). The list
of gene names was used as a query for an interaction
prediction. The search criteria were based on co-
occurrences of genes/proteins in scientific texts (text
mining), co-expression, and experimentally observed
interactions. The results of such analyses generated a
gene/protein interaction network where the intensity of
the edges reflected the strength of the interaction score.
Finally, the functional interaction between genes that
belongs to the chosen GO BP terms were investigated
by REACTOME FIViz application to the Cytoscape
3.6.0 software. The ReactomeFIViz app is designed to
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find pathways and network patterns related to cancer
and other types of diseases. This app accesses the
pathways stored in the Reactome database, allowing
to do pathway enrichment analysis for a set of genes,
visualize hit pathways using manually laid-out pathway
diagrams directly in Cytoscape, and investigate functional
relationships among genes in hit pathways. The app can
also access the Reactome Functional Interaction (FT)
network, a highly reliable, manually curated pathway-
based protein functional interaction network covering
over 60% of human proteins.

Real time q-PCR analysis

The RT-qPCR method was used for four selected genes
(ATP1B1, CXCL2, PDPN, UGCG) to confirm the results
obtained in the analysis of expression microarrays. Tests
were performed in three replicates. The RNA samples
were resuspended in 20 pl of RNase-free water and
stored in liquid nitrogen. RNA samples were treated with
DNase I and reverse-transcribed into cDNA. RT-qPCR
was conducted in a LightCycler real-time PCR detection
system (Roche Diagnostics GmbH, Mannheim, Germany)
using SYBR® Green I as a detection dye, and target cDNA
was quantified using the relative quantification method.
The relative abundance of ATP/BI, CXCL2, PDPN and
UGCG transcripts in each sample was standardized to the
internal standards 4CTB and HPRT. For amplification, 2
uL of cDNA solution was added to 18 uL of QuantiTect®
SYBR® Green PCR (Master Mix Qiagen GmbH, Hilden,
Germany) and primers. One RNA sample of each
preparation was processed without the RT-reaction to
provide a negative control for subsequent PCR.

RESULTS

Whole transcriptome profiling by affymetrix
microarray allow as analysing gene expression
changes between 7, 15 and 30 days of buccal pouch
mucosa cells culture. Using Affymetrix® Porcine
Gene 1.1 ST Array Strip, we examined expression
of 12257 transcripts. Genes with fold change higher
than abs (2) and with corrected p value lower than
0.05 were considered as differentially expressed.
This set of genes consists of 130 different transcripts.
This study is the first detailed analysis, based on GO
BP identification of differentially expressed genes
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belonging to the significantly enrichment GO BP
terms.

DAVID (Database for Annotation, Visualization
and Integrated Discovery) software was used for
extraction of the gene ontology biological process
term (GO BP) that contains differently expressed
transcripts. Up- and down-regulated gene sets
were subjected to DAVID searching separately and
only gene sets where adj. p value were lower than
0.05 were selected. The DAVID software analysis
showed that differently expressed genes belong to
56 Gene ontology groups. In this paper we focused
on “positive regulation of cellular component

“positive  regulation of cellular
process”, “positive regulation of intracellular signal
transduction” and “single organism cell adhesion”
GO BP terms. These sets of genes were subjected to
hierarchical clusterization procedure and presented
as heatmaps (Fig. 2). The gene symbols, fold changes
in expression, Entrez gene IDs and corrected p values
of those genes are shown in Table I. The enrichment
of each GO BP term was calculated and is shown on
the circle diagram (Fig. 3).

Moreover, in Gene Ontology, database genes that
formed one particular GO group can also belong to
other different GO term categories. For this reason
we explored the gene intersections between selected
GO BP terms. The relationship between those GO
BP terms is presented as a circle plot (Fig. 4).

STRING interaction network was generated
among differentially expressed genes belonging
to each of the selected GO BP terms. Using such
prediction method provided us with a molecular
interaction network formed between protein products
of the studied genes (Fig. 5). Finally, we investigated
the functional interactions between the chosen genes
with REACTOME FIViz app to Cytoscape 3.6.0
software. The results are shown in Fig. 6.

RT-gPCR analysis was performed in order to
quantitatively validate the microarray analysis. The
results are shown in Fig. 7. For ATPIBI, CXCL2,
PDPN and UGCG genes, the directions of changes
have been confirmed. The difference between the
level of expression of the analysed genes between
days 15 and 30 for both microarray and RT-qPCR
methods is similar except for the PDPN gene. This

movement”,
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gene had a comparable level of expression between
days 15 and 30 in the RT-qPCR method (Fig. 7).

DISCUSSION

The genes analysed in this study were selected
according to GO Databases, to select potential
markers of oral cells’ metabolism,
mutual adhesion and signalling in vitro. The
microarray screening showed that these genes,
belonging to “Positive regulation of cellular
component movement”’, “Single organism cell
adhesion”, “Positive regulation of cellular process”
and “Positive regulation of intracellular signal
transduction”, exhibited three expression patterns.
They were all upregulated on day 7 of culture, with
their respective levels falling on day 15. From then
on, the transcriptomes presented different values,
with some genes being upregulated on day 30, some
expressing large downregulation and the final group
showing a small fall, or no change in transcript
levels. However, the results of this microarray have
been validated by RT-qPCR analysis in other works
by our team, both published (3) and unpublished.
The outcomes of those validations show us, that
while the patterns of expression are represented by
the microarray analysis with high fidelity, the exact
fold changes are rarely reflected in the heatmaps.
Because of this fact, we decided to divide the genes
in the analysed gene ontologies into two expression
patterns, those that were only upregulated on day 7
of primary cultures and those showing an additional
period of upregulation towards the end of the 30-
day culture period. Additionally, the GO databases
show a wide array of genes that are associated with
the searched term, which are, in different ways,
involved in the processes analysed. Consequently,
while describing all the genes detected, we primarily
focused on those that are directly associated with the
topics of the manuscript, discussing their possible
involvement in the in vitro associated processes.

The first group contains genes associated
with cell proliferation, adhesion, migration and
communication. The first gene of this group, TGFB,
encodes ligand of transforming growth factor
beta family of proteins. These ligands take part in

mucosal
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regulation of gene expression through receptors
present on the cell surface that, in response to these
specific signals, initiate activation of downstream
SMAD family of transcription factors. Many types
of cells express TGFB1, as well as its receptors. This
gene has been proven to be associated with rapid cell
proliferation and differentiation, through various
interactions with different growth factors (7). Most
notably, it plays an important role in osteoblastic
bone formation, reproductive processes, as well as
being detected at the sites of various tumours (8). In
the context of oral mucosa, it has been attributed a
role in submucous fibrosis formation, which might
indicate heightened fibroblast activity in culture (9).
The next gene /TGB3, encodes Integrin Subunit Beta
cell surface receptor, therefore it participates in cell
adhesion, as well as cell-surface involving signalling
pathways. It is a major player in the process of
wound closing, as it is a receptor for fibrinogen,
plasminogen, prothrombin and thrombospondin
(10). As it is involved in MAPK signalling, it was
shown to be involved in oncogenesis associated
with abnormalities in this signalling path (11). It
has not been specifically associated with buccal
pouch processes, so it most probably is a marker of
increased proliferation and cell interactions in the
culture.

Another gene that is associated with the cellular
processes occurring during cell proliferation is
PLK2 (Polo Like Kinase 2). Again, it has not been
previously directly associated with the specific,
buccal pouch-associated processes. However, it has
been proven multiple times that it presents a crucial
role in centriole duplication, which deems it essential
for G1/S phase transition (12). Because of this fact,
it is yet another marker of increased proliferation of
the analysed cells in vitro.

All the transcripts above exhibit up-regulation
on days 7 and 30 of culture, with downregulation
on day 15. There is one more gene that shows this
expression pattern in our analysis. CCL2 encodes a
C-C motif chemokine 2, responsible for attracting
monocytes and basophils, but not eosinophils and
neutrophils (13). Hence, despite sharing the pattern
with the genes that have been specifically associated
with cell proliferation, this gene fits more into
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Table 1. Gene symbols, fold changes in expression, Entrez gene IDs and corrected p values of studied genes.

OFFICIAL Fold Change | Fold Change | Fold Change | adjusted adjusted adjusted GENE ID

GENE D15/D7 D30/D7 D30/D15 p.value p.value p.value

SYMBOL D15/D7 D30/D7 D30/D15

CcCL8 0.1098374, 0.1015572] 0.9246133,  0.0099092 0.002855/ 0.8648287 100302703
CXCL2 0.1585988 0.3618252 2.2813865  0.0282106| 0.1000607| 0.3277437 414904
PLK2 0.1660002, 0.6091754, 3.6697255 0.0282106/ 0.3101504| 0.1884621 397251
DUSP5 0.1720052, 0.3392398 1.9722648| 0.0407438  0.1216767, 0.4625691 100157144
PTGS2 0.176579,  0.3277974 1.8563786/ 0.0332722 0.0861828 0.447703 397590
LIF 0.252965 0.3537276 1.398326| 0.0127508  0.0230194, 0.3296551 399503
CCL2 0.2544943,  0.6892844, 2.7084476  0.0407438| 0.4043909  0.2350893 397422
ATP1B1 0.2671037,  0.4974017 1.8622043| 0.0311185  0.1230303] 0.3265278 396898
REL 0.33281 0.5087624 1.5286872| 0.0234279  0.0563739, 0.3173859 100525104
ITGB3 0.3427885 0.7627618  2.2251672 0.038898  0.4213886, 0.2350893 397063
SCARB1 0.3812346.  0.5946187 1.5597186| 0.0346365  0.1343271 0.3639803 397018
UGCG 0.3838483 0.584988 1.5240083| 0.0237712, 0.0709872 0.283766 100152737
PDPN 0.3878982  0.5660051 1.459159, 0.0342294 0.1033121 0.4206462 100738269
LYN 0.3967411 0.4074091 1.0268892| 0.0346365  0.0423341 0.980695 100152890
ETS1 0.3978662  0.4650034 1.1687432| 0.0311185  0.0474721 0.7511418 100302363
FCER1G 0.4253226, 0.4158716, 0.9777794, 0.0268357, 0.0235654| 0.9761984 397406
TGFB1 0.443799| 0.8154499| 1.8374307 0.0150164, 0.2166007  0.0719885 397078
RFC4 0.4463921,  0.4260966, 0.9545343  0.0346365| 0.0362881| 0.9445628 100157731
LMO2 0.4833797  0.5386858 1.1144154] 0.0268357  0.0348947 0.744229 100512825

10x

20x

Fig. 1. Photos of cell cultures prior to the material collection taken under an inverted microscope using relief contrast.
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Fig. 2. Heat map representation of differentially expressed genes belonging to the “positive regulation of cellular component
movement”, “positive regulation of cellular process”, “positive regulation of intracellular signal transduction” and
“single organism cell adhesion” GO BP terms. Log2 signal intensity values for any single gene were resized to Row
Z-Score scale (from -2, the lowest expression to +2, the highest expression for single gene).

D15/D7 D30/D7 D30/D15

ID Description
2-score logFC GO0:0051272  positive reg-l..llahon of c-ellular component movement
_ . o downreguiated © upregulated G0:0048522 positive regulation of cellular process
decreasing 0 increasing G0:1902533 positive regulation of intracellular signal transduction
G0:0098602 single organism cell adhesion

Fig. 3. The circle plot showing the differently expressed genes and z-score of ,, positive regulation of cellular component
movement”, “positive regulation of cellular process”, “positive regulation of intracellular signal transduction” and
“single organism cell adhesion” GO BP terms. The outer circle shows a scatter plot for each term of the fold change of
the assigned genes. The inner circle shows the z-score of each GO BP term. The width of each bar corresponds to the
number of genes within GO BP term and the colour corresponds to the z-score.
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Fig. 4. The representation of the mutual relationship between “positive regulation of cellular component movement”,
“positive regulation of cellular process”, “positive regulation of intracellular signal transduction” and “single organism
cell adhesion” GO BP terms. The ribbons indicate which gene belongs to which categories. The genes were sorted by
logFC from most to least changed gene. The bars represent the logF'C value of corresponding genes between D15/D7,

D30/D7 and D30/D15.
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Fig. 5. STRING-generated interaction network among differentially expressed genes belonging to the “positive regulation of cellular

component movement”, “positive regulation of cellular process”, “positive regulation of intracellular signal transduction” and
“single organism cell adhesion” GO BP terms. The intensity of the edges reflects the strength of interaction score.
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Fig. 6. Functional interaction (FI) between differentially expressed genes belonging to the “positive regulation of
cellular component movement”, “positive regulation of cellular process”, “positive regulation of intracellular signal
transduction” and “single organism cell adhesion” GO BP terms. In this figure “->" stands for activating/catalysing,

“-|” for inhibition, “-" for Fls extracted from complexes or inputs, and “---" for predicted FlIs.
ATP1B1 CXCL2 PDPN UGCG
" 15D 30D 15D 30D 15D 30D 15D 30D
-0.5
-1
-15 —
8 o
25
-3
LOG2(FC) OMICROARRAY ® RT-QPCR

Fig. 7. The results of RT-qPCR validation of ATP1B1, CXCL2, PDPN and UGCG genes. All the log?2 of fold changes were
described in relation to the transcript levels in 7 days of primary culture.
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the group of genes associated with inflammatory
processes.

RFC4 and PDPN are two further genes that
are functionally associated with the first described
functional group. The first one, Replication factor C
subunit 4 4, encodes a protein that is responsible for
elongation DNA fragments that have been previously
primed by DNA polymerase. It works together
with an accessory protein required for its function-
PCNA. While it possesses ATP-binding domains, it
are not employed in ATP binding, but is essential for
DNA recognition and clamp loading (14). Elevation
of RFC4 transcript levels can indicate increased
DNA replication, being markers of upregulated
proliferative activity of in vitro culture. PDPN,
otherwise called Podoplanin encodes a protein that
has a significant role in mediation of cell migration
and adhesion (15). Interacting with various partner
proteins, it can influence a range of different cells,
causing a variety of effects from platelet aggregation,
through tumour epithelial migration, to epithelial-
mesenchymal transition (16). It has been proven to be
associated with increased proliferative capabilities of
cancerous keratinocytes, which indicates it could be
a prominent marker of this oral mucosa component’s
in vitro propagation (17).

PTGS2, also known as COX2, is an enzyme
essential for prostaglandin biosynthesis. It has been
proven to be upregulated in many physiological
conditions, as well as in malignancies, such as cancer.
It has been proven to be associated with increased
cell adhesion, differentiation, angiogenesis in
tumour and apoptosis resistance (18). It has not been
specifically attributed to oral mucosal cells, with
its functions indicating that it might be a potential
marker of their properties in vitro.

The last gene in the first described functional group
is DUSPS5 (Dual Specificity Phosphatase 5) which
encodes a protein that, through phosphorylation
of phosphoserine/threonine and phosphotyrosine
residues, downregulates the MAP kinase superfamily.
Being upregulated on day 7 of primary culture, this
gene is a surprising observation, as it is associated
with proliferation/differentiation inhibition rather
than promotion (19).

The second functional group of genes described
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in this work is associated with the cellular function
of the cultured cells. It contains genes associated
with response to lipids and their metabolism, as well
as other properties of oral mucosal cell functioning.
SCARBI is the first member of this group. Scavenger
Receptor Class B Member 1 Protein, encoded by
this gene, is a receptor for a range of ligands, such
as phospholipids, HDL, lipoproteins and other
lipid soluble molecules. It is also responsible for
mediating cholesterol transfer to and from HDL.
However, it has also been suspected to take part
in phagocytosis of apoptotic cells (20). UGCG
(UDP-Glucose  Ceramide  Glucosyltransferase)
encodes and enzyme that catalyses the first step in
glycosphingolipid biosynthesis. It is essential for the
production of these membrane-bound molecules that
facilitate a range of cellular functions (21). ATPIB is
a gene encoding a non-catalytic subunit of an ATPase
enzyme. This specific component is responsible
for Na*/K* balance across the cellular membrane,
playing an important role in osmoregulation (22).
The aforementioned genes are an unsurprising
find, as they are proprietary to the functioning of
almost any cell, in vivo and in vitro. However, there
are several other genes that are more likely to be
considered markers of specific in vitro properties
of oral mucosa derived cells. LMO? is the first of
those genes. It encodes an LIM-domain protein, that
serves its function predominantly in early embryonic
yolk sac erythropoiesis, with some studies also
noting its involvement in adult haematopoiesis (23).
This gene has not been previously associated with
any of the oral mucosal cell types. However it is a
recognized oncogene, inducing stem-like properties
in leukemic mice (24). Thus, it might be an indicator
of added or retained plasticity of oral mucosal
cell in in vitro culture. LIF (Leukaemia Inhibitory
Factor) encodes a cytokine, that expresses multiple
different roles in both the healthy organism and
malignancies. Most prominently, it plays a major role
in leukaemia, inducing hematopoietic differentiation
in its cells (25). It has also been proven to be
involved in reproductive processes, such as embryo
implantation (26), as well as in inflammatory
processes. Its presence in culture can indicate either
the differentiation of oral mucosal cells, or be a



Journal of Biological Regulators & Homeostatic Agents

result of its secondary, proinflammatory function.
This group is closed by three proto-oncogenes. ETS/
encodes a transcription factor, belonging to ETS
family (27). It is hard to determine its specific role
in culture, as ETS TFs are known to function as both
activators or inhibitors, depending on their acting
location (28). However, as the gene is involved in
tumorigenesis, especially development of stem-like
properties (29), it could further indicate the stemness
of oral mucosal cells on in vitro cultures. LYN
encodes a non-receptor tyrosine-protein, facilitating
signal transmission from cell surface receptors
(30). Exhibiting numerous roles, from response to
cytokines, through DNA damage mitigation and
haematopoiesis, to various interactions with other
proteins that alter its function depending on context
(31), the effects of this gene are too unspecific to
determine its role in the context of in vitro culture.
The last protooncogene and the last gene in this group
is REL, which encodes a transcription factor protein,
regulating genes involved in apoptosis, oncogenic
process, differentiation. However, it also exhibits a
function in inflammation and immune response (32).
This fact prevents us from determining whether the
early upregulation of this gene is caused by in vivo/
in vitro properties of oral mucosa, differentiation of
cells in culture, or by its function in cell immune
response.

This brings us to the last functional group of
genes that will be described briefly, as it does not
directly link with the topic of the manuscript. There
are three genes that exhibit their main function in
response to pathogens and inflammation. CCLS
is an antimicrobial gene, also involved in the
immunoregulatory and inflammatory process,
which encodes a chemokine that attracts monocytes,
lymphocytes, basophils and eosinophils (33). CXCL2
also presents antimicrobial function, encoding a
chemokine that is expressed at inflammation sites.
It has also been proven to be able to supress the
proliferation of hematopoietic progenitor cells
(34). Finally, FCERIG encodes a fragment of high
affinity IgE receptor. It is most prominently involved
in allergic reactions (35). All these genes are most
probably elements of oral mucosal cell response to
ex vivo conditions, being upregulated in early culture
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periods and downregulated on days 15 and 30.
Overall, the detected genes allowed us to presume
certain patterns in the culture of oral mucosal cells.
Most of the genes responsible for rapid proliferation
and differentiation are upregulated on days 7 and
30, indicating that these are the periods in which the
majority of culture growth occurs. It is unclear why
the transcript levels are downregulated on day 15,
however, it could be assumed that, after reaching the
initial plateau of cell number, one of the constituents
of the culture enters a stagnation period, then
entering the growth phase again after the end of the
in vitro viability of the other cell type. The elevated
levels of genes attributed to cell function on day 7
might indicate that this period is crucial to the loss of
initial oral mucosal identity and gain of mucosal-like
state, proprietary for long-term cultures. Increased
expression of antimicrobial/immune response /
inflammatory genes at day 7 is explainable by the
fact that the culture might still be carrying a mark
of the initial culture periods in which the cells are
still adapting to the new ex vivo conditions, while
being exposed to potential pathogens that are later
eliminated with medium changes and culture plate
washing. There are several genes that have been
detected in this type of culture for the first time
and might serve as potential markers of in vitro
associated processes in oral mucosal cells. However,
it must be noted that this research is a transcriptomic
study which, to gain validation needed for applying
the knowledge in in vivo and clinical situations,
would need to be confirmed by proteomic analyses.
Concluding, this research allowed us to gain new
insight into transcriptomic basis of oral mucosal
cell functioning in vitro, which might later serve as
a reference for further studies that would allow to
apply this knowledge in a clinical environment.
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Prior studies have demonstrated that ulinastatin (UTI) plays a beneficial role in regulating cerebral
ischemic injury evoked by cardiac arrest (CA). It is noteworthy to find interventions that can enhance
effects of this drug and thereby increase its clinical application. Xuebijing (XBJ) is comprised of extracts
from Chinese herbs and has been widely used in China as an anti-endotoxicity drug for the treatment
of sepsis and ischemic disorders associated with multiple organ dysfunction syndrome. Thus, in this
study we examined the effects of a combination of UTI and XBJ to improve neural injury in the process
of neurological functions after transient cerebral ischemia. Our results show that CA impaired Nrf2-
antioxidant response element (Nrf2-ARE) and superoxide dismutase (SOD) in the hippocampus CA1l
region. This process further amplified products of oxidative stress, namely 8-isoprostaglandin F2a (8-iso
PGF20) and 8-hydroxy-2’-deoxyguanosine (8-OHdG). A lower dose of UTI failed to restore Nrf2-ARE
and attenuate 8-iso PGF20 and 8-OHdG SOD following CA; however, systemic administration of XBJ
amplified the effects of this dose of UTI on antioxidative signal pathway of the hippocampus. Overall, the
results of this study have implications for the enhanced neuroprotective role played by a combination of
XBJ and UTI in improving neural injury observed in transient cerebral ischemia; and Nrf2-ARE signal

is a part of key mechanisms that are involved in neuroprotective effects of XBJ and UTI.

To the Editor,

Ulinastatin, urinary trypsin inhibitor (UTI), is
a glycoprotein acting as a trypsin inhibitor (1). It can
be derived from urine or synthetically produced and
conventionally effective to treat pancreatitis, toxic
shock and sepsis, etc. (1-3). The genes and proteins
regulated by UTI are implicated in the inflammatory
process (4). Previous studies indicate the protective
effects of UTI against ischemia/reperfusion injury
in numerous diseases (1). Our recent study further

showed that UTI can attenuate amplification of
central pro-inflammatory cytokine (PIC) and products
of oxidative stress in rats with transient cerebral
ischemia induced by cardiac arrest (CA) (5); whereas
it improves CA impaired Nrf2-antioxidant response
element (Nrf2-ARE) and superoxide dismutases
(SOD). Through this process, UTI thereby leads to
improvement of neurological functions, brain tissue
edema and survival (5).

Xuebijing injection (XBJ), a Chinese medicine

Key words: Xuebijing, ulinastatin, oxidative stress, cardiopulmonary resuscitation, cardiac arrest, cerebral ischemia

Mailing address:

Dr Xu Wang,

Department of Neurology and Neuroscience Center,
Department of Emergency Medicine,

The First Hospital of Jilin University,

71 Xinmin Street, Changchun, Jilin 130021, China
Tel.: +86 431 88782593

e-mail: wangxxu2016@]163.com

1143

0393-974X (2018)
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.



1144

formula containing five herbs, is used as an addition
to conventional therapy to sepsis and septic shock
in China (6, 7). Combination of XBJ and standard
treatment yielded better clinical outcome than standard
treatment alone (6, 7). XBJ has been also reported to
alleviate sepsis and ischemic disorders associated
multiple organ dysfunction syndrome via mechanisms
of anti-inflammation and anti-oxidative stress (8, 9).

When blood flow and oxygen delivery are halted
it leads to systemic ischemic injury in various
organs including brain during CA (10). Although
cardiopulmonary resuscitation (CPR) is applied,
inadequate blood flow and tissue oxygen delivery still
persist due to myocardial dysfunction, hemodynamic
instability and microvascular dysfunction. Thus, it is
important to find drugs having better neuroprotective
effects during neural injuries in cerebral ischemia. To
further determine signal pathways by which drugs/
biological agents that attenuate damage evoked by
cerebral ischemia, would provide a rationale for
clinical application of those drugs.

In this study we examined the effects of a
combination of UTI and XBJ on neural injuries
evoked by CA. We hypothesized that systemic
administration of XBJ amplifies neuroprotective
outcomes of UTI. We further hypothesized that the
effects of XBJ are via improvement of Nrf2 and Nrf2-
regulated NADPH quinone oxidoreductase-1 (NQO1)
and SOD in hippocampus CA1 of ischemic animals.
As a result, XBJ attenuates oxidative production
8-isoprostaglandin F2a (8-iso PGF2a, a product of
oxidative stress); and 8-hydroxy-2’-deoxyguanosine
(8-OHdQG, a key biomarker of protein oxidation).

MATERIALS AND METHODS

All the animal procedures were approved by the
Institutional Animal Care & Use Committee of Jilin
University, which are in compliance with the Guideline
for the Care and Use of laboratory Animals of the U.S.
NIH. Male Sprague—Dawley rats (200-300g) were used
in this study.

Induction of cerebral ischemia
The ischemia was produced in the CA model
induced by asphyxia. Briefly, rats were anesthetized

H-X. HU ET AL.

with an isoflurane-oxygen mixture (2-5% isoflurane in
100% oxygen). An endotracheal tube was first inserted
and attached to a ventilator. The ventral tail artery was
cannulated to monitor systemic arterial pressure. The right
jugular vein was cannulated for a continuous infusion
of saline (at a rate of 0.1 ml/hour) to maintain baseline
blood pressure and fluid balance. Body temperature was
continuously monitored and maintained at 37°C with a
heating pad and external heating lamps. Asphyxia was
induced by stopping mechanical ventilation and clamping
the tracheal tubes at the end of expiration. Resuscitation
efforts began 6 min following inducement of CA. For this
purpose, rats were orotracheally intubated for mechanical
ventilation accompanied by chest compression delivered
by a mechanical compressor at a rate of 200/min for 5 min.
Once spontaneous heartbeat returned, epinephrine (2 pg)
was administered to achieve a mean arterial blood pressure
of >80 mmHg. Ventilation was adjusted for animals to
regain spontaneous respiration and achieve normoxia. In
the sham operated animals, the same surgical procedures
were performed without cardiac arrest and resuscitation.

Administration of drugs and experimental groups

The rats were divided randomly. Group 1 (n=10):
the rats received the same surgical procedures and
endotracheal intubation was performed with no asphyxia
or CPR. Group 2 (n=15): CA and CPR were performed
and 0.5 ml of saline was given (i.p., every 12 h for 7
days). Group 3 (n=28): CA and CPR were carried out
and 2, 4, 6 ml/kg of XBJ was injected (i.p., once/day
for 7 days). Group 4 (n=12): CA and CPR were carried
out and 5000 units/kg of UTI (i.p., every 12 hours for 7
days). Group 5 (n=20): CA and CPR were carried out and
5000 units/kg of UTI (i.p., every 12 h for 7 days) and 2
ml/kg of XBJ were injected (i.p., once/day for 7 days).
At the end of each experiment, the rats were sacrificed
and then the hippocampus was removed for biochemical
measurements. XBJ containing extracts of five herbs was
purchased from Tianjin Chase Sun Pharmaceutical Co.
Ltd (Tianjin, China).

ELISA measurement

The tissues from each rat were sampled for the
analysis. In brief, the hippocampus CAl region of the
rats was removed under an anatomical microscopy. Total
protein was extracted by homogenizing the hippocampus
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sample in ice-cold immunoprecipitation assay buffer with
protease inhibitor cocktail kit. The lysates were centrifuged
and the supernatants were collected for measurements of
protein concentrations using a bicinchoninic acid assay
reagent kit.

The levels of 8-iso PGF20 and 8-OHdG were
examined using ELISA kits (obtained from Promega Co.
and Abcam Co.) according to the provided description
and modification. Briefly, polystyrene 96-well microtitel
immunoplates were coated with affinity-purified rabbit
primary antibodies. Parallel wells were coated with
purified rabbit IgG for evaluation of nonspecific signal.
After overnight incubation, plates were washed. Then,
the diluted samples and 8-iso PGF20/8-OHdG standard
solutions were distributed in each plate. The plates
were washed and incubated with anti-8-iso PGF20/8-
OHAG galactosidase. Then, the plates were washed and
incubated with substrate solution. After incubation, the
optical density was measured using an ELISA reader with
a wavelength of 575 nm.

Western blot analysis

After being denatured by heating at 95°C in an SDS
sample buffer, the supernatant samples were loaded
onto Mini-Protean TGX Precast gels and electrically
transferred to a polyvinylidene fluoride membrane. The
membrane was then incubated overnight with primary
antibodies: rabbit anti-Nrf2, anti-NQO1 and anti-SOD.
After being fully washed, the membrane was incubated
with horseradish peroxidase-linked anti-rabbit secondary
antibody and visualized for immunoreactivity. All
antibodies were obtained from the Abcam Co. and Santa
Cruz Biotech. The membrane was stripped and incubated
with mouse anti-B-actin to show equal loading of the
protein. The bands recognized by the primary antibody
were visualized by exposure of the membrane onto an
X-ray film. Then, the film was scanned and the optical
densities of primary antibodies and B-actin bands were
determined using the Scion Software (NIH, US). Values
for densities of immunoreactive bands/B-actin band from
the same lane were determined. Each of the values was
then normalized to a control sample.

Neurological Severity Score (mNSS)
Seven days after the rats received all the treatments, the
modified method of Neurological Severity Score (mNSS)
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was used to examine neurological functions, as described
previously (5). Note that mNSS was generally used
to assess a combination of motor, sensory, and balance
functions. Neurological function was graded on a scale
of 0—18 (normal score, 0; maximal deficit score, 18). An
mNSS score of > 0 before CA indicated that the rats were
abnormal and they were excluded from the experiment.
The experiments were performed in a blind manner.

Statistical analysis

Experimental data were analyzed using one-way
repeated measures analysis of variance (ANOVA). As
appropriate, Tukey’s post hoc tests were used. All values
were presented as mean + standard deviation. For all
analyses, differences were considered significant at P <
0.05. All statistical analyses were performed using SPSS
for Windows version 20.0 (SPSS Inc., Chicago, US).

RESULTS

Effects of XBJ and UTI on oxidative stress production

In this experiment, we first examined the effects
of three doses of XBJ (2, 4, 6 ml/kg) on products of
oxidative stress, namely 8-iso PGF 2o and 8-OHdG
in CArats. Fig. 1A shows that the levels of 8-iso PGF
20 and 8-OHdG were increased in the hippocampus
of CA rats (P <0.05 vs control rats; n=10 in control
and n=15 in CA rats). It is noted that increases
of 8-iso PGF2a and 8-OHdAG were significantly
attenuated in CA rats with administration of 6 ml/kg
of XBJ (n=10; P <0.05 vs CA rats without treatment/
n=15 and CA rats with lower doses of XBJ; n=12
with 2 ml/kg of XBJ and n=6 with 4 ml/kg of XBJ).
There were no significant differences observed in the
levels of 8-iso PGF2a and 8-OHdAG between CA rats
with no treatment and CA rats with 2 ml/kg of XBJ
(P >0.05).

Next, we examined the enhancing effects of XBJ
on UTI in modulating 8-iso PGF 2a and 8-OHdG.
Fig. 1B demonstrates that a lower dose of UTI failed
to alter the amplified levels of 8-iso PGF 2a and
8-OHdG in the hippocampus of CA rats (P >0.05,
CA rats without treatment vs CA rats with a lower
dose of UTI; n=12). As 2 ml/kg of XBJ and a lower
dose of UTI were given, the levels of 8-iso PGF 2a
and 8-OHdG were significantly decreased in CA rats
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(n=20; P <0.05 vs CA rats with no treatment and CA
rats with a lower UTI). There were no significant
differences observed in the levels of 8-iso PGF2a
and 8-OHdG between the control group and CA
group with a combination of UTI and XBJ (P >0.05).

Effects of XBJ and UTI on antioxidant signal
pathways

Fig. 2, A-C, shows that the protein expression
levels of Nrf2 and Nrf2-regulated NQO1 and SOD
were decreased in the hippocampus of CA rats and
a lower dose of UTI failed to restore impaired Nrf2
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rats with no treatment; n=6-10). These figures further
shows that downregulation of Nrf2/NQO1 and SOD
in CA rats was improved after a combination of XBJ
and UTI was applied (P<0.05, CA rats with UTI and
XBJ vs CA rats with no treatment and CA rats with a
lower dose of UTI alone; n=6-10).

Effects of XBJ and UTI on neurological functions
Fig. 2D shows that CA increased the mNSS
in rats (P<0.05, control rats vs CA rats; n=10 in
control and n=15 in CA group). This figure further
demonstrates that a lower dose of UTI failed to

signal expression and SOD (P>0.05, CA rats vs CA attenuate the impaired mNSS in animals following
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Fig. 1. Effects of UTI and XBJ on products of oxidative stress. A) Induction of CA amplified the levels of oxidative
product 8-iso PGF 20 and 8-OHdG in the hippocampus CAI region. Systemic administration of XBJ (6 ml/kg) attenuated
increases of 8-iso PGF 20 and 8-OHdG in CA rats. *P < 0.05 vs control rats and CA rats injected with 6 ml/kg of XBJ.
n=10in control; =15 in CA group; =12 in CA group with 2 ml/kg of XBJ, =6 in CA group with 4 ml/kg of XBJ; and =10
in CA group with 6 ml/kg of XBJ. B) Systemic administration of a lower dose of UTI (5000 units/kg; n=12) failed to
attenuate increases of 8-iso PGF2a and 8-OHdG in CA rats. P > 0.05 vs CA rats without treatment (n=15). Note that a
lower dose of XBJ (n=20) enhanced the effects of UTI on attenuating 8-iso PGF2a and 8-OHAG in CA rats. *P < 0.05 vs
CA rats with no treatment and CA rats with a lower UTI. There were no significant differences observed in the levels of
8-iso PGF2a and 8-OHdG between control group and CA group with a combination of UTI and XBJ (P >0.05).
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CA (n=12; P>0.05 vs CA rats with no treatment), DISCUSSION

but a combination of UTI and XBJ significantly

attenuated the impaired mNSS in CA animals (n=20; Nrf2 is a transcription factor and as a basic
P<0.05 vs CA rats with UTI and CA rats with no leucine zipper protein it regulates the expression
treatment). of antioxidant proteins protecting against oxidative
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Fig. 2. Effects of UTI and XBJ on antioxidant signal pathways and neurological functions. A-C) Protein expression levels
of Nrf2-ARE and SOD were decreased in the hippocampus CAI of CA rats. A lower dose of UTI (5000 units/kg) failed to
restore impaired Nrf2/NQOI and downregulated SOD. When XBJ (2 ml/kg) was given with a lower dose of UTI, Nrf2/
NQOI and SOD were increased. Top panel panels are representative bands. *P<0.05, CA rats vs control rats and CA
rats injected with a combination of UTI and XBJ. N=6-10 in each group. D) Showing that the mnss was increased in rats
after CA and it was significantly improved by systemic administration of UTI and XBJ. *P<0.05 vs control rats and CA
rats injected with UTI and XBJ. The number of rats=10 in control; =15 in CA group, 12 in CA group with UTI; and =20
in CA group with UTI and XBJ.
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damage triggered by injury and inflammation
(11). Numerous drugs that stimulate the Nrf2
pathway were used for treatment of diseases
caused by oxidative stress (12). Under normal or
unstressed conditions, Nrf2 is kept in the cytoplasm
by a cluster of proteins that degrade it quickly (13-
15). Under oxidative stress, Nrf2 is not degraded,
but travels to the nucleus where Nrf2 binds to a
DNA promoter and initiates transcription of anti-
oxidative genes and their proteins (13-15). In the
nucleus, Nrf2 combines (forms a heterodimer) with
a small Maf protein and binds to the ARE in the
upstream promoter region of many anti-oxidative
genes, and initiates their transcription (15). Our
data show that CA impairs the protein expression
levels of Nrf2-ARE pathway in the hippocampus.
We also observed that downregulation of Nrf2 and
NQOI1 were accompanied with decreases of SOD.
Moreover, we observed that products of oxidative
stress 8-iso PGF2a and 8-OHdG were increased in
the hippocampus of CA rats.

In our previous work, we found that UTI can
significantly recover impairment of Nrf2-ARE
and SOD following CA. UTI can also attenuate
amplification of 8-iso PGF2a and 8-OHdG in the
hippocampus of CA rats. In order to determine
the effects of XBJ on UTI, in the present study we
injected a lower dose of UTI and observed that it did
not alter the levels of 8-iso PGF2a and 8-OHdG and
expression of Nrf2-ARE and SOD after induction of
CA. Interestingly, a combination of this dose of UTI
wuth XBJ restored impaired Nrf2-ARE and SOD and
attenuated upregulated 8-iso PGF2a and 8-OHdG
induced by CA. Consistent with this result, UTI and
XBJ decreased the mNSS, indicating improvement
of neurological functions. Thus, it is implicated as
beneficial to ischemic brain diseases via activation
of Nrf2-ARE with a combination of UTI and XBJ.

It should be noted that one source of reactive
oxygen species production is the enzyme family of
NADPH oxidase (NOX). NOX subunit NOX4 was
shown highly expressed under ischemic conditions
in the central nervous system. Vitamin C also plays
a role in improving ischemic conditions as an
antioxidant. Thus, supplement of vitamin C and/or
drugs inhibiting NOX signal may also be considered

H-X. HU ET AL.

with application of UTI and XBJ.

In conclusion, transient global ischemia induced
by CA impairs the protein levels of Nrf2-ARE signal
and SOD in the hippocampus, thereby leading to
increase of products of oxidative stress. Systemic
administration of UTI and XBJ has enhancing effects
in improving deficiency of Nrf2-ARE and SOD in
ischemic animals. As a result, a combination of UTI
and XBJ improves neurological Severity Score in
CA rats to a greater degree as compared with the
respective usage of these drugs. Our data indicate
the beneficial role played by a combination of UTI
and XBJ in alleviating cerebral ischemia reperfusion
injury via antioxidative mechanisms.
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Patient-reported outcomes are now considered as an important part of overall outcome assessment of
a surgical intervention. The objective of the current study was to evaluate the patient-reported quality
of life (QoL) of the subjects of endoscopic pituitary surgery. A literature search was carried out in
several electronic databases and study selection was based on pre-determined eligibility criteria. Meta-
analyses of standardized mean difference (SMD) were conducted to observe significance of difference
between preoperative and postoperative scores of important tools. Sixteen studies were included [931
patients; 51.16 years (95% CI 49.13, 53.19) age; 48.41 % (43.74, 53.08) males]. Generally, there was no
significant differences between postoperative and preoperative health-related QoL after postoperative
month 1 or after fourth postoperative month. QoL after endoscopic pituitary surgery remains unchanged

predominantly but may deteriorate in regard to physical role and sinonasal outcome transiently.

To the Editor,

Patient-reported QoL measures, such as sense of
well-being, emotions, pain, functional status, and
social interactions, are increasingly used to assess
the outcome of a medical or surgical intervention (1).
The QoL assessments may have several advantages
such as improved preoperative counseling of
patient, better anticipation of surgery, acceptance of
surgical procedure and enhanced patient recovery.
Furthermore, the QoL should also be used as an
indicator of the success of surgical intervention (2).

Advancement in surgical techniques has made
it possible to remove complex skull base tumors.
Endoscopic surgery for skull base lesions is still
evolving. Transnasal approaches utilize the nasal
passage and paranasal sinuses to operate the skull
base. Therefore, nasal trauma remains the source of

many rhinological complications including sinusitis,
epistaxis, and anosmia
(3). Among the intracranial neoplasms, pituitary
adenomas have a prevalence of 16.7% (14.4% in
autopsy studies and 22.5% in radiological cases) (4).
Several pituitary tumors remain small in size and are
either asymptomatic or with nonspecific symptoms.
Consequently, it is very difficult to accurately
measure the prevalence of pituitary adenomas in the
general population.

Endoscopic surgical techniques utilized for
the resection of pituitary adenomas are usually
site-specific and are associated with general
complications which necessitate evaluating the
patient-reported QoL before and after surgery. Many
studies have reported QoL assessments using various
instruments for pituitary endoscopic surgery with

synechiae, hyposmia,
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transnasal route, but the outcomes are not always
similar. Hence, we carried out a literature search to
identify relevant studies to conduct a meta-analysis
of general health-related QoL and sinonasal indices
in order to have refined evidence regarding the effect
of surgery on patient-reported QoL.

We followed the Cochrane Collaboration
guidelines for conducting systematic reviews and
meta-analyses for the present study. Inclusion criteria
were: a) prospective or retrospective study reporting
the outcomes of patient-reported QoL assessment
performed by using a validated instrument ion
patients who had undergone endoscopic transnasal or
transseptal surgery; b) study reporting the evaluations
of general health-related and/or rhinological QoL
scores; c¢) study reporting preoperative as well as
postoperative and/or later measurements. Electronic
databases (Pubmed, Embase, Ovid and Google
Scholar) were searched by using relevant keywords

C-H. WANG ET AL.

and medical subject headings. The primary phrase
(Pituitary tumor — endoscopic surgery — quality
of life) was used in combination with one or
two of the following keywords: QoL, adenoma,
macroadenoma, microadenoma, trans-nasal, trans-
septal, trans-sphenoidal, skull base, questionnaire,
inventory, Anterior Skull Base Nasal Inventory
(ASK Nasal), Anterior Skull Base Questionnaire
(ASBQ), Sinonasal Outcome Test (SNOT)-20/22,
SNOT-20/22, prospective, and retrospective. The
search encompassed research articles published in
English language before April 2018.

Data regarding the demographic characteristics
of the subjects and outcomes were extracted from
each of the selected studies by using a standardized
procedure and were organized in specialized
datasheets. For the assessment of the changes in QoL
scores at postoperative month 1, and at postoperative
month 4 or beyond, meta-analyses of standardized

Postoperative month 1 Preoperative Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 ASK Nasal

Hong 2016-tn 14.64 4.83 43 10.04 3.88 43 6.8% 1.04 [0.59, 1.49] -
Hong 2016-ts 12.92 3.12 14 978 291 14 6.5% 1.01[0.22, 1.80] -
Little 2015a 1.45 2 100 04 135 100 6.8% 0.61[0.33, 0.90] -

Little 2015b 1.62 0.32 107 073 025 107 6.8% 3.09 [2.69, 3.49] -
Subtotal (95% CI) 264 264 26.9% 1.44[0.19, 2.69] <o
Heterogeneity: Tau? = 1.56; Chi? = 101.42, df = 3 (P < 0.00001); I> = 97%

Test for overall effect: Z=2.27 (P = 0.02)

1.1.2 SNOT

Hong 2016-tn 0.76 0.79 43 0.68 0.61 43 6.8% 0.11[-0.31, 0.54] T

Hong 2016-ts 0.59 0.54 14 074 0.51 14 6.6% -0.28 [-1.02, 0.47] -
Jalessi 2016 25.47 15.3 43 188 147 43 6.8% 0.44[0.01, 0.87] ™~

Lee 2017 29 21.3 14 303 255 14 6.6% -0.05[-0.79, 0.69] T
Pledger 2016 21 0.668 39 23 0.7 39  6.7% -2.89 [-3.54, -2.25] -

Wang 2015 22 7 30 10 4 30 6.7% 2.08[1.44,2.71] -
Zimmer 2014 276 17.27 51 234 182 51 6.8% 0.23 [-0.15, 0.62] d
Subtotal (95% CI) 234 234 46.8% -0.04 [-0.96, 0.87] <
Heterogeneity: Tau? = 1.44; Chi? = 124.34, df = 6 (P < 0.00001); I> = 95%

Test for overall effect: Z=0.10 (P = 0.92)

1.1.6 Others

Bedrosian 2013 ASBQ smell 1.97  0.209 45 3.76 0.289 45  6.2% -7.04 [-8.17, -5.91] -

Bedrosian 2013 ASBQ taste 25 0.236 45 3.6 0.283 45  6.6% -4.19 [-4.94, -3.44] -

Pledger 2016 NOSE 1.6  0.185 39 1 0.146 39 6.6% 3.56 [2.84, 4.29] -
Suberman 2011 RSDI 6.32 2.81 50 7.64 259 50 6.8% -0.48 [-0.88, -0.09] 1
Subtotal (95% Cl) 179 179 26.2%  -2.02[-5.65, 1.62] —etll—
Heterogeneity: Tau? = 13.59; Chi? = 336.76, df = 3 (P < 0.00001); I> = 99%

Test for overall effect: Z = 1.09 (P = 0.28)

Total (95% ClI) 677 677 100.0% -0.15[-1.08, 0.79] *

Heterogeneity: Tau? = 3.31; Chi? = 723.47, df = 14 (P < 0.00001); I* = 98% T T ' t 1'0
Test for overall effect: Z = 0.31 (P = 0.76)
Test for subgroup differences: Chi? = 5.28, df = 2 (P = 0.07), 1> = 62.1%

Fig. 1. Forest graph of meta-analysis evaluating the changes in sinonasal QoL assessment tools at first postoperative
month. In study identities, Hong 2016 tn and ts denotes transnasal and transseptal, respectively. Hong 2016 used SNOT-
20 whereas the rest of the studies used SNOT-22 instrument.



Journal of Biological Regulators & Homeostatic Agents

mean differences (SMD) were performed by
using RevMan software (version 5.3.1; Cochrane
Collaboration) to have inverse variance weighted
effect sizes. Subgroup analyses were performed with
regard to instruments. Between-study inconsistency
was tested by I’ index. For the assessment of
publication bias, Begg’s funnel plot symmetry and
Egger's precision tests were performed. All data
are presented as weighted effect sizes with 95%
confidence interval (CI).

Sixteen studies (5-19) fulfilled the eligibility
criteria and therefore included in meta-analysis.
In these studies, 931 patients with pituitary tumor
underwent endoscopic surgery. There was no
significant publication bias as indicated by the
Begg’s test (adjusted Kendall’s Score = —8+20.18;
p=0.692) or the Egger’s test (bias coefficient = 0.302
[-9.94, 10.55]; p=0.950). Important characteristics
of the included studies are presented in Table I.

Postoperative month 4 Preoperative
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Mean age of these patients was 51.16 years [95%
CI 49.13, 53.19] and 48.41% [43.74, 53.08] were
male. QoL appraising instruments used in these
studies included Anterior Skull Base Questionnaire
(ASBQ), Anterior Skull Base Nasal Inventory (ASK
Nasal), Rhinosinusitis Disability Index (RSDI),
Sinonasal Outcome Test 20/22 (SNOT-20/22), and
Vision-related QoL (VFQ).

Generally, there was no significant differences
found between preoperative and postoperative
scores at month 1 (SMD -0.15 [-1.08, 0.79];
p=0.76) or after 4 months (SMD —0.14 [-0.31,
0.03]; p=0.11). However, at postoperative month 1,
assessment with ASK Nasal was associated with a
significant change (SMD 1.44 [0.19, 2.69]; p=0.02)
but SNOT scores were not significantly different
before and after surgery (Fig. 1). At postoperative
month 4, SNOT scores reduced significantly (SMD
—0.38 [-0.55, —0.22]; p<0.00001) but scores of other

Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.2.1 ASK Nasal

Hong 2016-tn 11.58 3.36 30 10.04 3.88 30 5.4% 0.42 [-0.09, 0.93] .

Hong 2016-ts 11.09 3.15 51 978 291 51 6.8% 0.43[0.04, 0.82]

Little 2015a 0.4 1.24 100 04 135 100 85% 0.00 [-0.28, 0.28] e
Little 2015b 0.72 0.28 107 0.73 025 107 8.6% -0.04 [-0.31, 0.23] T
Subtotal (95% CI) 288 288 29.3% 0.15 [-0.09, 0.38] -
Heterogeneity: Tau? = 0.03; Chi? = 5.69, df =3 (P = 0.13); I?=47%

Test for overall effect: Z = 1.20 (P = 0.23)

1.2.2 SNOT

Harrow 2013 0.91 0.72 94 127 0.83 94 8.3% -0.46 [-0.75, -0.17] -

Hong 2016-tn 0.56 0.69 30 0.68 0.61 30 54% -0.18 [-0.69, 0.33] -1
Hong 2016-ts 0.43 0.38 51 074 0.51 51 6.7% -0.68 [-1.08, -0.28]

Jalessi 2016 151 13.5 47 18.8 147 47 6.6% -0.26 [-0.67, 0.15] I
Lee 2017 17.3 16.7 53 303 255 53  6.9% -0.60 [-0.99, -0.21]

Pledger 2016 20 11.9 39 23 15.22 39 6.1% -0.22 [-0.66, 0.23] - |
Wang 2015 10.5 5 30 10 4 30 54% 0.11[-0.40, 0.62]

Zimmer 2014 15.9 12.6 51 234 182 51 6.8% -0.48 [-0.87, -0.08]

Subtotal (95% CI) 395 395 52.3% -0.38 [-0.55, -0.22] ’
Heterogeneity: Tau? = 0.01; Chi? = 8.94, df = 7 (P = 0.26); I = 22%

Test for overall effect: Z = 4.66 (P < 0.00001)

1.2.4 Others

Hong 2016 CCS-IT-tn 9.73 1.5 30 9.86 1.3 30 54% -0.09 [-0.60, 0.41] -1
Hong 2016 CCS-IT-ts 9.6 1.7 51 9.53 1.7 51 6.9% 0.04 [-0.35, 0.43] I
Pledger 2016 NOSE 095 0.142 39 1 0.146 39  6.1% -0.34 [-0.79, 0.10] ~
Subtotal (95% CI) 120 120 18.4% -0.12[-0.37, 0.14] ‘
Heterogeneity: Tau? = 0.00; Chi? = 1.63, df =2 (P = 0.44); = 0%

Test for overall effect: Z=0.90 (P = 0.37)

Total (95% CI) 803 803 100.0% -0.17 [-0.33, -0.00] ‘
Heterogeneity: Tau? = 0.06; Chi2 = 36.81, df = 14 (P = 0.0008); I = 62% 1 _05'5 5 0?5 1

Test for overall effect: Z = 1.99 (P = 0.05)
Test for subaroup differences: Chi? = 13.60, df = 2 (P = 0.001), I = 85.3%

Fig. 2. Forest graph of meta-analysis evaluating the changes in sinonasal QoL assessment tools at fourth postoperative
month. In study identities, Hong 2016 tn and ts denotes transnasal and transseptal, respectively. Hong 2016 used SNOT-
20 whereas the rest of the studies used SNOT-22 instrument.



1154

C-H. WANG ET AL.

Table 1. Important characteristics of the included studies.

Study n Age Males
(years) (%)
Bedrosian 2013 | 45 S1.1£11.6 48
Hong 2016 30 49.7£13.3 37
Jalessi 2016 43 38.2+142 44
Lee 2017 14 56£11.3 33
Little 2015a 100 | 51.7+155 44
Little 2015b 107 52.1£154 46
McCoul 2015 81 53.1£16.9 44
Okamoto 2010 | 74 4824139 45
Pledger 2016 47 52+12 49
Rioja 2016 38 48.9+3.5 36
Suberman 2011 = 50 53+12 71
Tanemura 2012 | 30 53.5+14.6 57
Wang 2015 53 44.8+13.6 38
Wolf 2016 79 55.6+14.3 54
Wolf 2017 50 56.8+13.5 56
Zimmer 2014 39 48 54
Abbreviations:

Design

Prospective non-RCT

Retrospective

Prospective non-RCT
Retrospective
Prospective non-RCT

Prospective non-RCT

Prospective non-RCT

Prospective non-RCT
Prospective non-RCT

Prospective non-RCT

Retrospective

Retrospective

Prospective non-RCT
Prospective non-RCT
Prospective non-RCT

Prospective non-RCT

QoL assessment
tool

ASBQ

CCS-IT, ASBNI,
SNOT-20

SNOT-22
SNOT-22
ASK Nasal-12

ASK Nasal-12,
SF8, EQ-5D-5L

ASBQ, SNOT-22

VFQ-25
SNOT-22, NOSE,
BAST-24, SF36

RSDI

GHQ30, SF36

SNOT-22, SF36
SF36

SF36

SNOT-22

Pituitary tumor type

Adenoma

Non-functioning macro- /
secretory adenoma

Adenoma
Adenoma
Non-functioning adenoma

Non-functioning adenoma

Adenoma

Adenoma
Non-functioning adenoma

Functional / non-functional
adenoma

Functional / non-functional
adenoma

Non-functioning
macrodenoma

Adenoma
Micro- / macro-adenoma
Adenoma

Non-functional
macroadenoma

Surgery

Transsellar / transplanum /
transtuberculum

Transseptal / Transnasal
transsphenoidal

Transsphenoidal
Septplasty / Inferior turbinoplasty
Transsphenoidal

Transsphenoidal

Transsphenoidal / transethmoid /
Transnasal / transmaxillary

Transsphenoidal
Transsphenoidal

Transnasal transsphenoidal

Transnasal transsphenoidal

Transsphenoidal

Transsphenoidal
Transsphenoidal
Transsphenoidal

Transnasal transsphenoidal

ASBQ, Anterior Skull Base Questionnaire; ASK Nasal, Anterior Skull Base Nasal Inventory, BAST,
Barcelona Smell Test; CCS-IT, Cross-Cultural Smell Identification Test; EQ-5D-5L, EuroQoL-5 dimensions-5 levels;
GHQ, General Health Questionnaire; HRQoL, Health-related Quality of Life; NOSE, Nasal Obstruction Symptom
Evaluation; QoL, quality of life; RCT, randomized controlled trial; RSDI, Rhinosinusitis Disability Index; SF, Short
Form; SNOT, Sinonasal Outcome Test; VFQ, Vision-related Quality of Life

Postoperative Preoperative Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.5.1 Postoperative month 1
Little 2015b EQ-5D-5L 39.82 11.06 107 4525 123 107 20.8% -0.46 [-0.73, -0.19] -
Little 2015b SF-8 71.77 443 107 7339 51 107 20.9% -0.03 [-0.30, 0.23] N
Tanemura 2012 GHQ 5.1 3.5 30 88 71 30 13.5% -0.65[-1.17, -0.13] I
Tanemura 2012 SF36-MCS ~ 50.16 9.1 30 46.2 96 30 13.7% 0.42 [-0.09, 0.93] T
Tanemura 2012 SF36-PCS 374 142 30 412 116 30 13.7% -0.29 [-0.80, 0.22] -1
Wang 2015 SF36 653 90 53 650 68 53 17.4% 0.04 [-0.34, 0.42] I
Subtotal (95% Cl) 357 357 100.0% -0.17 [-0.44, 0.11] -
Heterogeneity: Tau? = 0.07; Chi? = 15.14, df =5 (P = 0.010); I?=67%
Test for overall effect: Z = 1.20 (P = 0.23)
1.5.2 Postoperative month 4
Little 2015b EQ-5D-5L 80.61 43 107 7339 51 107 20.8% 0.15[-0.12, 0.42] T
Little 2015b SF-8 46,5 111 107 4525 123 107 20.8% 0.11[-0.16, 0.37] T
Tanemura 2012 GHQ 5.1 45 30 88 741 30 13.7% -0.61[-1.13, -0.10] e
Tanemura 2012 SF36-MCS 47.8 8.8 30 412 116 30 13.7% 0.63[0.11, 1.15] e
Tanemura 2012 SF36-PCS 51.9 7.5 30 462 96 30 13.6% 0.65[0.13, 1.17] I
Wang 2015 SF36 650 75 53 650 68 53 17.4% 0.00 [-0.38, 0.38] S
Subtotal (95% Cl) 357 357 100.0% 0.15 [-0.14, 0.43] -
Heterogeneity: Tau? = 0.08; Chi? = 15.90, df = 5 (P = 0.007); I> = 69%
Test for overall effect: Z=1.01 (P = 0.31)

1 05 0 05 1

Test for subaroup differences: Chi? = 2.44, df =1 (P = 0.12). 1> =59.1%
Fig. 3. Forest graph of meta-analysis evaluating the changes in general health-related QoL one month and 4 months after surgery.
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instruments remained statistically indifferent (Fig. 2).
Overall, there was no significant difference between
preoperative and postoperative general health-related
QoL at postoperative month 1 (SMD —0.17 [-0.44,
0.11]; p=0.23) or after fourth postoperative month
(SMD 0.15 [-0.14, 0.43]; p=0.31) (Fig. 3).

Results of this meta-analysis show that endoscopic
surgery for pituitary tumor is not associated with
change in QoL as measured at postoperative months
1 or 4 or beyond with validated patient-reported tools,
including general health-related QoL measuring tools
and sinonasal tools especially the SNOT and ASK
Nasal. In the present study, we observed that only
the measurement with ASK Nasal was associated
with significant difference between preoperative and
I-month postoperative scores but at the 4th month
this difference vanished. We have detected that while
SNOT scores were not significantly different from
preoperative scores at postoperative month 1, SNOT
scores reduced significantly at postoperative month
4. It is proposed that in patients with other medical
conditions, SNOT-22 may over-rate the assessment
which may be overcome by simultaneously using
additional validated tools such as the ASBQ and/or
NOSE.

The aim of endoscopic transsphenoidal surgery
is to minimize the possibility of complications.
Before surgery, it is therefore important that an
otolaryngologist examines the nasal cavity for issues
such as nasal polyposis, integrity of the posterior
septal artery, septal perforations/deviations, turbinate
obstruction etc. which may involve endoscopy and
computed tomography. This allows for a better access
through the nasal corridor to the Sella turcica for an
efficient operation and is extremely important for
maintaining a good postoperative QoL (7). Some
limitations of the present study need to be considered
while interpreting these QoL outcomes. Firstly,
because of the reporting of QoL under a variety of
instruments, especially in sinonasal assessments, the
number of studies contributing data for the assessment
of each tool’s performance was limited. Only SNOT-
based assessments had reasonable strength. Secondly,
statistical heterogeneity was high for the majority of
the analyses which demands the availability of more
data from future studies for the refinement of the
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outcomes achieved in the present study.

Endoscopic pituitary surgery is not found to be
associated with improved QoL. However, the surgery
itselfdoes not affect QoL except for postoperative month
1, which may also vary depending on the assessment
tool. SNOT was not been found to be associated with
any change in QoL at postoperative month 1 but may
be associated with improvement in QoL after some
months. ASK Nasal was found to reduce QoL at the first
postoperative month which decreased by postoperative
month 4. Thus, future studies may clarify the effects of
these QoL tools.
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Paclitaxel is used for the treatment of several types of cancers. However, one of its significant limiting
complications is painful peripheral neuropathy during therapy. Gender is considered to play a role in
modifying pain intensity. The present study examined the effects of female sex hormones on paclitaxel-
induced neuropathic pain and the engagement of inflammatory signal of sensory nerves. Ovariectomies
were performed on rats and subsequent hormone replacement with the combination of 17p-estradiol and
progesterone was given. ELISA was used to determine the levels of proinflammatory cytokines (PICs)
such as IL-1pB, IL-6 and TNF-a in the dorsal root ganglion (DRG) of rats with different conditions of
female sex hormones; moreover, Western blot analysis was used to examine expression of PIC receptors.
The results of our study demonstrated that the increases of IL-1p, IL-6 and TNF-a; and expression of
their respective receptors induced by paclitaxel were less in the DRG of ovariectomized rats with lack
of female sex hormones. Thresholds of pain responses to mechanical and thermal stimuli appeared to
be greater in ovariectomized rats with lack of female sex hormones. Overall, the findings indicate that
circulating 17p-estradiol and progesterone contribute to the modulation of neuropathic pain response
after administration of paclitaxel, likely via PIC signal in the sensory nerves, which is implicated to
consider sex difference for pain management with application of chemotherapeutic paclitaxel.

To the Editor,

One of the most common and distressing
symptoms suffered by patients with progression of
cancer is pain (1). Cancer pain mainly arises from a
tumor compressing or infiltrating tissue; from nerve
and other changes caused by a hormone imbalance
or immune response; and/or from treatments and
diagnostic procedures (1, 2). It should be noted
that cancer treatments (i.e., chemotherapy and
radiotherapy) produce painful conditions that often
persist after the treatment has ended (1, 2). Thus,

improving the management of symptoms related to
cancer therapies is of great clinical importance.
Paclitaxel isawidely prescribed chemotherapeutic
agent for the treatment of breast, lung and other
cancers, but is associated with a variety of serious
side effects, including peripheral neuropathy,
leukopenia, joint or muscle pain, vomiting and
alopecia (3). Chemotherapy-induced peripheral
neuropathy causes severe sensory disturbances that
range from mild tingling to spontaneous painful
burning paresthesia affecting the sensory nerves
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in the hands and feet and can persist long after
cessation of chemotherapy treatment (4). Treatment
options for these abnormal sensations have been
restricted, partly due to a poor understanding of the
underlying mechanisms responsible for neuropathic
pain induced by paclitaxel. Many factors influence
chemotherapy-induced  peripheral
including patient age and gender.

In addition, clinical and experimental studies
suggest that pain responses vary between male and
female individuals (5). An increase in neuropathic
pain was reported in female as compared with male
in many models of neuropathic pain (5, 6), likely
due to the levels of sex hormones. Though there are
many mechanisms involved, there is insufficient
evidence showing a relation between female sex
hormones and paclitaxel-induced neuropathic pain.
Since IL-1B, IL-6 and TNF-a in sensory nerves
are involved, the purpose of the current study was
to examine the effects of female sex hormones,
namely 17B-estradiol (17B-EST) and progesterone
(PGR) on the levels of IL-1p, IL-6 and TNF-o and
their receptors (IL-1R, IL-6R and TNFR1) in the
dorsal root ganglion (DRG) of rats injected with
paclitaxel. We further examined these hormones on
pain responses to mechanical and thermal stimuli.
We hypothesized that lack of 17B-EST and PGR
decreases the inflammatory signal in the DRG of
rats with paclitaxel and this thereby leads to a lesser
degree of neuropathic pain.

neuropathy,

MATERIALS AND METHODS

Animals

All animal protocols were in accordance with the
guidelines of the International Association for the Study
of Pain and approved by the Institutional Animal Care and
Use Committee of Jilin University. Adult female Sprague-
Dawley rats (150-200g) were housed in individual cages
with free access to food and water and were kept in a room
at 25°C on a 12/12 h light/dark cycle.

Surgical ovariectomy

Under isoflurane anesthesia, a sham operation or
bilateral ovariectomy was performed. A week after the
surgery, the ovariectomized rats received subcutaneous
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implantation of a placebo (PBO) or pellets (Innovative
Res., Sarasota, FL) containing sex hormones (17B3-EST,
0.25 mg and PGR, 50 mg) released over a 21-day period.
Accordingly, the rats were divided into the groups: sham
control; placebo; and a combination of 173-EST and PGR.

A model of neuropathic pain and administration of drugs

Paclitaxel (Tocris Biosci) was dissolved in a 40%
dimethyl sulfoxide (DMSO). Neurotoxicity was induced
in rats by intraperitoneal (i.p.) injection of paclitaxel (1
mg/kg/one injection in 0.5 ml of volume) every two days
and a total of four injections were given in sham control
rats and ovariectomized rats with PBO and a combination
of 17B-EST and PGR. Control rats (for paclitaxel)
received four injections of 40% DMSO (0.5 ml) every
two days. Mechanical and thermal hypersensitivity
were fully developed by paclitaxel after four injections
and experiments were performed. Then, mechanical and
thermal sensitivity was tested and the DRGs (L4-L6)
were removed to determine PIC signal.

Behavioral test

To quantify the mechanical sensitivity of the hind
paw, rats were placed in individual plastic boxes and
allowed to acclimate for > 30 min. Mechanical paw
withdrawal threshold (PWT) of rat hind paw in response
to the stimulation of von Frey filaments was determined.
A series of calibrated von Frey filaments (ranging from
0.5 to 18.0 g) were applied perpendicularly to the plantar
surface of the hind paw with a sufficient force to bend the
filaments or until the paw withdrew. In the presence of
a response, the filament of next lower force was applied.
In the absence of a response, the filament of next greater
force was applied. To avoid injury during tests, the cutoff
strength of the von Frey filament was 18 g. The tactile
stimulus producing a 50% likelihood of withdrawal was
determined using the “up-down” method. Each trial was
repeated 2 times at approximately 2 min intervals. The
mean value was used as the force produced a withdrawal
response.

To determine thermal hyperalgesia, rat paw withdrawal
latency (PWL) to a radiant heat was measured. Rats were
placed individually in plastic cages on an elevated glass
platform and allowed for 30 min acclimation. Each hind
paw received three stimuli with a 10 min interval, and the
mean of the three withdrawal latencies was defined as
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PWL. The heat was maintained at a constant intensity. To
prevent tissue damage, the cut-off latency was set at 20 s.
All the behavioral tests were performed in a blind style.

ELISA measurement

This method was used to examine the levels of IL-
1B, IL-6 and TNF-a according to the provided description
(Promega Corp. Madison, WI, USA). Briefly, polystyrene
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96-well microtitel immunoplates were coated with
affinity-purified polyclonal rabbit anti-IL-1f, anti- IL-6
and anti-TNF-o antibodies. Parallel wells were coated
with purified rabbit IgG for evaluation of nonspecific
signal. After overnight incubation at room temperature
and 2 h incubation with the coating buffer containing 50
mM carbonate buffer (pH 9.5) in 2% BSA, plates were
washed with 50 mM Tris-HCI. After extensive washing,
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Fig. 1. Levels of PIC and expression of PIC receptors. A) Paclitaxel (PAC) amplified IL-1, IL-6 and TNF-a in the DRG
as compared with other groups without PAC. After PAC was given, deficiency of female sex hormones attenuated increases
of IL-1B, IL-6 and TNF-a. in the ovariectomized rats with placebo (PBO) as compared with sham control rats and rats
with replacement of hormones (n=12 for each groups). 1P < 0.05 vs all other groups, and *P < 0.05 vs sham control and
group of 17-EST and PGR. 175-EST: 17p-estradiol; PGR: progesterone. B) Top panel and bottom panel are typical band
and average data, showing that protein expression levels of PIC receptors (IL-1R, IL-6R and TNFR1) were upregulated
with injection of PAC. Lack of female sex hormones attenuated increases of those PIC receptors induced by PAC in the
ovariectomized rats with PBO. 7P < 0.05 vs all other groups, and *P < 0.05 vs sham control and combination of 17p-EST

and PGR. The number of rats = 6-12 in each group.
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the diluted samples and the IL-1B, IL-6 and TNF-a
standard solution were distributed in each plate and left
at room temperature overnight. The plates were washed
and incubated with anti-IL-1p, anti-IL-6 and anti-TNF-a
galactosidase per well. Then, the plates were washed and
incubated with substrate solution. After an incubation of
2 h at 37°C, an ELISA reader was used to determine the

YC. WANG ET AL.

Western blot analysis

After being denatured by heating at 95°C in an SDS
sample buffer, the supernatant samples were loaded
onto Mini-Protean TGX Precast gels and electrically
transferred to a polyvinylidene fluoride membrane. The
membrane was then incubated overnight with primary
antibodies: rabbit anti-IL-1R, anti-IL-6R and anti-TNFR1

optical density. (Abcam Co., diluted 1:200). After being fully washed, the

D control rats (n=12)
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Fig. 2. Mechanical and thermal sensitivity during 60 munities of testing. Top panel: Effects of female sex hormone deficiency
on mechanical hypersensitivity induced by paclitaxel. Paclitaxel decreased PWT, but this effect was attenuated in the
ovariectomized rats with PBO. Bottom panel: Effects of lacking of female sex hormone on thermal hypersensitivity induced
by paclitaxel. In the ovariectomized rats with PBO, paclitaxel decreased PWL to a less degree as compared with sham control
rats and ovariectomized rats with 174-EST and PGR. *P < 0.05 vs all other groups. ** P < 0.05 vs sham control rats and the
ovariectomized rats with 17p-EST and PGR afier administration of paclitaxel. The number of animals is indicated in the figure.
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membrane was incubated with horseradish peroxidase-
linked anti-rabbit secondary antibody and visualized
for immunoreactivity. The membrane was stripped and
incubated with mouse anti-p-actin to show equal loading
of the protein. The bands recognized by the primary
antibody were visualized by exposure of the membrane
onto an X-ray film. Then, the film was scanned and the
optical densities of IL-1R, IL-6R, TNFR1 and B-actin
bands were determined using the Scion Software. Then,
values for densities of immunoreactive bands/B-actin
band from the same lane were determined. Each of the
values was then normalized to a control sample.

Statistical analysis

All data were analyzed using one-way repeated-
measure analysis of variance. Values were presented as
means + standard error of mean (SEM). For all analyses,
differences were considered significant at P < 0.05. All
statistical analyses were performed by using SPSS for
Windows version 13.0 (SPSS, USA).

RESULTS

Levels of PICs and their receptor expression

Fig. 1A demonstrates that IL-1p, IL-6 and
TNF-a were increased in the DRG of rats injected
with paclitaxel as compared with control rats (n=12
in each group). However, increases of IL-1B, IL-6
and TNF-a were attenuated in the ovariectomized
rats with PBO as compared with sham control rats
and rats with replacement of hormones (P < 0.05,
PBO group vs sham control and combination of
17B-EST and PGR). Likewise, Fig. 1B further shows
that protein expression levels of PIC receptors (IL-
IR, IL-6R and TNFR1) were upregulated with
injection of paclitaxel. Lack of female sex hormones
attenuated increases of those PIC receptors induced
by paclitaxel in the ovariectomized rats with PBO (P
<0.05, PBO group vs sham control and combination
of 17B-EST and PGR; n=6-12 in each group).

Mechanical and thermal sensitivity

Fig. 2 shows that paclitaxel induced mechanical
and thermal hypersensitivity. During 60 munities
of testing, PWT and PWL were decreased in rats
injected with paclitaxel (P < 0.05 vs rats without
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paclitaxel). We further examined the effects of
female sex hormone deficiency on mechanical and
thermal hypersensitivity induced by paclitaxel. In
the ovariectomized rats with PBO (n=8), decreases
of PWT and PWL induced by paclitaxel appeared to
be less as compared with sham control rats (n=12)
and the ovariectomized rats with replacement of
17B-EST and PGR (n=9; P < 0.05, PBO vs sham
control and replacement of 17B-EST and PGR).

DISCUSSION

Neuropathic pain is one of the complications of
paclitaxel, and pain intensity varies due to gender.
Nonetheless, the effects of female sex hormones
on paclitaxel-induced neuropathic pain are largely
unknown. Data of the current study provide new
evidence showing that lack of 17B-EST and PGR
attenuates upregulation of IL-1p, IL-6 and TNF-a
and their receptor expression in the DRG of rats
with administration of paclitaxel and this thereby
alleviates neuropathic pain in rats with paclitaxel.

In sensory nerves, the role of PICs in regulating
pain has been studied. Use of IL-1RA (IL-1R
antagonist) has been shown to relieve rheumatoid
arthritis—associated pain (7). IL-1RA treatment in
rodents decreases pain-related behaviors evoked
in models of inflammation, bone cancer and
intramuscular acid injection (8, 9). In this report, we
found less expression of IL-1f and its receptor IL-1R
in the DRG of rats with lack of female sex hormones
after administration of paclitaxel, and in those rats
PWT and PWL were greater as compared with sham
rats and rats with replacement of sex hormones. It
is likely that downregulation of IL-1R by reductions
in female sex hormones can attenuate mechanical
and thermal hypersensitivity in rats injected with
paclitaxel.

In animals, IL-6 causes hypersensitivity to
thermal and mechanical stimuli (10). Prior studies
suggest that IL-6 is a key inflammatory cytokine
involved in pain (11, 12). Intraplantar administration
of IL-6 in mice evokes mechanical hyperalgesia,
and in IL-6 knockout mice mechanical and thermal
hyperalgesia are reduced after carrageenan injection
into the paw (13). IL-6 also produces acute
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hyperalgesia and evokes chronic latent hyperalgesia
(14), inferring a key role of IL-6 in acute and chronic
muscle pain. Thus, in the current study we suggest
engagement of the IL-6 signal in mechanical and
thermal hyperalgesia induced by paclitaxel as
circulating female sex hormones are different. Our
data demonstrated that neuropathic pain induced by
paclitaxel appears to be reduced with decreases in
female sex hormones.

TNF-a produces its effects via activation of
two TNF-a receptor subtypes, TNFR1 and TNFR2
(15). TNFR1 is expressed exclusively on neuronal
cells and plays a functional role, whereas TNFR2
is located predominantly on macrophages and/or
monocytes in response to inflammation. TNF-a
activation appears most relevant to the development
of afferent nerve-mediated behavior via the TNFR1.
Mechanical hyperalgesia induced by exogenous
TNF-a and/or by inflammation is reduced in TNFR1
but not TNFR2 knockout mice and TNFR1 but not
TNFR2 neutralizing antibodies reduce experimental
hyperalgesia (16, 17). In the current study, we
observed less expression of TNFRI1 receptors in
the DRG of the ovariectomized rats with PBO, but
not in sham control rats nor the ovariectomized rats
with sex hormone replacement. Nonetheless, we also
observed that mechanical and thermal pain were less
in the ovariectomized rats with PBO, suggesting
involvement of TNF-a in modifying neuropathic
pain induced by paclitaxel under conditions of
different female sex hormones.

Overall, our data suggest that the role of 17B-EST
and PGR in modifying the neuropathic pain induced
by paclitaxel and the effects should be exerted by
both 17B-EST and PGR. The effects by each of them
need to be considered in future study.
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Sepsis, a systemic inflammatory response syndrome induced by infection, has high rates of morbidity
and mortality. Pneumonia is a major cause for sepsis; however, pneumonia complicated by sepsis is a
difficult clinical diagnosis. To assess the clinical relevance of serum procalcitonin (PCT) and hypersensitive
C-reactive protein (hs-CRP) in early diagnosis of pneumonia complicated by sepsis, 220 patients with
pneumonia who were admitted to hospital from July 2015 to July 2016 were enrolled in this study. The
patients were divided into non-sepsis (N=82), mild sepsis (N=97), severe sepsis (N=23), and septic shock
(N=18) groups. The patients were also divided into a survival group (N=186) and a death group (N=34)
according to their prognosis at 2 weeks. The PCT and hs-CRP levels and Acute Physiology and Chronic
Health Evaluation-11 (APACHE-II) scores of the two groups were evaluated. The PCT level and APACHE-
11 score showed a progressively increasing tendency in the non-sepsis, mild sepsis, severe sepsis, and septic
shock group; the differences between all pairs of groups were significant (P<0.05). The hs-CRP level was
significantly lower in the non-sepsis group than in the other groups (P<0.05), but differences among the
other groups were not significant (P>0.05). The areas under the receiver operating characteristic curves
of PCT and hs-CRP for diagnosis of pneumonia complicated by mild and severe sepsis were 0.841 and
0.817, respectively. The optimal cut-off points for pneumonia and sepsis were >0.5 ng/mL and >55
mg/L, respectively; the sensitivity and specificity were 71.42% and 82.13%, and 75.04% and 53.61%,
respectively. The sensitivity and specificity of diagnosis based on PCT and hs-CRP were 89.32% and
85.68%, respectively. PCT and hs-CRP are used to assess the severity of pneumonia in combination with
sepsis in new-borns, but PCT is more strongly related to the severity of sepsis than is hs-CRP. Detection of
PCT in combination with hs-CRP facilitates the early diagnosis of pneumonia and sepsis in new-borns, as
well as monitoring of the treatment response and prediction of the prognosis.

To the Editor, soft tissue (15.3%), as well as intubation sites and

Sepsis is a systemic inflammatory response urinary tract (11.2%). Therefore, pneumonia is one
syndrome induced by microgranism infection (1) of the main causes of sepsis. Diagnosis of early-
and has a high mortality rate (2). Hugonnet et al. stage pneumonia complicated by sepsis is difficult
(3) found that the most frequent primary-infection because of the lack of specific clinical manifestations
sites are the lung (28.7%), blood (20.4%), skin and and diagnostic indices and the insensitivity of culture
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(4). Hence, early identification and diagnosis are
important for improving the prognosis of pneumonia
complicated by sepsis.

The level of procalcitonin (PCT), which is
associated with bacterial infection, has high
specificity. The level of hypersensitive C-reactive
protein (hs-CRP), an acute-phase-reaction protein
synthesised by the liver, reflects infection. The CRP
level increases significantly in the acute phase of
bacterial infection and subsequently normalises or
remains slightly increased (5). In infants, increased
levels of hs-CRP and PCT indicate bacterial infection.
This leads to the following question: do the hs-CRP
and PCT levels reflect the severity of pneumonia in
combination with sepsis? In this study, we aimed
to improve the early diagnosis and treatment of
pneumonia complicated by sepsis using the PCT and
hs-CRP levels.

MATERIALS AND METHODS

General data

Two hundred and twenty new-borns with pneumonia
who were admitted to the Binzhou City Central Hospital,
Shandong, China, between July 2015 and July 2016,
were enrolled in this study. All of them satisfied the
2006 Guidelines for the Diagnosis and Treatment of
Community-acquired Pneumonia (6). Patients with other
pulmonary diseases, such as tuberculosis, interstitial lung
disease and lung tumour, trauma, burn injury, autoimmune
disease, malignant carcinoma, or severe dysfunction of
organs, such as the heart, liver, and kidney, as well as
those with histories of surgical treatment, were excluded.
The patients comprised 127 males and 93 females aged
38-42 weeks (average 38.7+6.3 weeks). According to
the standards of the Society of Critical Care Medicine,
the European Society of Intensive Care Medicine, the
American College of Chest Physicians, the American
Thoracic Society, and the Surgical Infection Society (7),
they were divided into non-sepsis (N=82), mild sepsis
(N=97), severe sepsis (N=23), and septic shock (N=18)
groups. The non-sepsis group comprised 51 males and
31 females aged 38-41 weeks (average 38.5+6.5 weeks).
The mild sepsis group comprised 52 males and 45 females
aged 37-41 weeks (average 38.2+6.2 weeks). The severe
sepsis group comprised 13 males and 10 females aged
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39-42 weeks (average 39.3+£5.8 weeks). The septic
shock group comprised 12 males and 6 females aged 39-
41 weeks (average 39.5+6.2 weeks). The demographic
parameters did not differ significantly among the four
groups (P>0.05). Moreover, the 220 patients were divided
into a survival group (N=186) and a death group (N=34).
The survival group comprised 108 males and 78 females
with an average age of 39.2+5.8 weeks. The death group
comprised 19 males and 15 females with an average age
of 38.8+6.1 weeks. This study was approved by the ethics
committee of Binzhou City Center Hospital, Bingzhou,
China, and the parents of the new-borns provided written
informed consent.

Fasting venous blood (3 mL) was collected 24 h after
admission, transferred to an ethylenediaminetetraacetic
acid disodium salt anticoagulant tube, and centrifuged
at 3000 r/min and 4°C to separate plasma. PCT was
assayed using an immunochemistry analyser (Beckman
Coulter Co., Ltd., China) by double-antibody sandwich
immunofluorescence; levels of <0.1 pg/L and >0.5 ug/L
were considered to be normal and positive, respectively.
hs-CRP was
Automated Biochemistry Analyzer by immune-scatter

assayed using an Olympus-AU640

velocity turbidimetry; a level of 0-1 mg/L was considered
to be normal. In addition, the Acute Physiology and
Chronic Health Evaluation-II (APACHE-II) scores of all
patients were evaluated in the 24 h after admission; higher
scores indicated more severe disease.

Statistical analysis

Data were statistically analysed using SPSS ver. 21.0.
Measurement data are expressed as means =+ standard
deviations. Comparisons of means between two groups
were performed by ¢-test. Comparisons of means among
multiple groups were performed by analysis of variance.
A receiver operating characteristic (ROC) curve was
generated to analyse the utility of PCT and hs-CRP in
detecting pneumonia in combination with severe sepsis.
P<0.05 was taken to indicate statistical significance.

RESULTS

PCT level, hs-CRP level, and APACHE-II scores
The PCT level and APACHE-II score showed

an increasing tendency in the non-sepsis, mild

sepsis, severe sepsis, and septic shock groups,
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and the differences between all pairs of groups the other groups (P<0.05); however, the differences
were significant (P<0.05). The hs-CRP level was in hs-CRP level among the other groups were not
significantly lower in the non-sepsis group than in significant (P>0.05; Table I).

Table I. PCT levels, hs-CRP levels, and APACHE-II scores (Mean£SD).

Group PCT (ug/L) hs-CRP (mg/L) APACHE-II (point)
Non-sepsis 0.83+0.21 37.41+11.63 5.26+0.22
Mild sepsis 1.35+0.86° 90.14+19.24° 9.43+2.14*

Severe sepsis 3.61+1.27® 106.72+20.35° 13.96+3.71®
Septic shock 5.93+1.91%b¢ 108.13+21.08° 18.29+4.922b¢

Note: P<0.05 compared with the ¢ non-sepsis group, ® mild sepsis group, and ¢ severe sepsis group.

Table I1. PCT levels, hs-CRP levels, and APACHE-II scores in the survival and death group (Mean+SD).

Group PCT (ug/L) hs-CRP(mg/L) APACHE-II (point)
Survival 2.45+1.04 49.48+13.81 7.86+2.18
Death 5.24+2.16 104.27+15.64 13.09+3.65
t 12.753 16.081 9.976
P-value <0.05 <0.05 <0.05

Table III. AUROC: of levels of PCT and hs-CRP in diagnosing pneumonia in complicated with sepsis.

Item Area P-value Confidence interval
PCT 0.841 0.00 0.785-0.897
hs-CRP 0.817 0.00 0.762-0.876

Table IV. Performance of PCT and hs-CRP levels for pneumonia complicated by sepsis.

. . Positive Negative
Ttem Sen(s(;‘)“ty Spe(co;ﬁ)"“y likelihood likelihood ACE;Y;‘CY
’ ° ratio ratio ’
PCT > 0.5 ng/mL 71.42 75.04% 2.86 0.38 73.22
hs-CRP > 55 mg/L 82.13 53.61 1.76 0.34 67.88

PCT > 0.5 ng/mL + hs-CRP>55 mg/L 89.32 85.68 4.03 0.14 87.52
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PCT levels, hs-CRP levels, and APACHE-II scores in
the survival and death group

The levels of hs-CRP and PCT and the APACHE-
IT score were significantly higher in the death group
than in the survival group (P<0.05; Table II).

Diagnostic value

ROC curves for diagnosis of pneumonia
complicated by mild and severe sepsis and by
septic shock are shown in Fig. 1. The areas under
the ROC curves of the PCT and hs-CRP levels for
the diagnosis of pneumonia complicated by sepsis
are shown in Table IIl. The optimal cut-off points
for the diagnosis were >0.5 ng/mL and >55 mg/L,
respectively (Table V).

DISCUSSION

CRP is a non-specific marker of inflammation (8),
the level of which increases upon development of
inflammation and peaks at 48 h. However, bacterial
infection, trauma, and chronic inflammation can
cause an increase in the CRP level. Here, the hs-CRP
level was significantly lower in the non-sepsis group
than in the other groups, similar to the findings of
Flores et al. (9). Thus, a change in the hs-CRP level
is indicative of infection.

PCT is a novel biomarker of systemic bacterial
infection (10). Uzzan et al. (11) found that the
PCT level increased upon development of acute or

1.0

Curve source
=PCT
= =hsCRP
0.8

= * Reference line

0.67

Sensitivity

0.2 K

0. T T T T
0.0 0.2 0.4 0.6 0.8 1.0

1 - Specificity
Fig. 1. ROC curves for PCT and hs-CRP levels for the
diagnosis of pneumonia complicated by sepsis.

G.B.LIUET AL.

chronic pneumonia, systemic inflammatory response
syndrome, trauma, and acute pancreatitis and
increased with increasing infection severity; these
findings are consistent with our results.

PCT and hs-CRP have moderate value for the
diagnosis of pneumonia complicated by severe
sepsis or septic shock; the specificity of PCT is
superior to that of hs-CRP, and the opposite is true
for sensitivity. Oh et al. (12) reported that diagnosis
of severe sepsis and septic shock using a PCT cut-
off level of > 2 mg/mL had a sensitivity of 93.94%
and specificity of 87.23%. The difference between
our results and the findings of Oh et al. (12) may
be because the latter were obtained in emergency
patients and the former were obtained in hospitalised
patients with pneumonia.

hs-CRP and PCT levels are therefore associated
with the severity of infection and are predictive of
sepsis. This work will facilitate the early diagnosis
of pneumonia complicated by sepsis, evaluation
of disease progression, and improvement of the
prognosis. The results revealed that the change
of PCT level was consistent with the severity of
infection.

In the diagnosis of pneumonia complicated with
severe sepsis and septic shock, PCT and hs-CRP
have moderate values; the specificity of PCT was
superior to that of hs-CRP, but the sensitivity of
hs-CRP was superior to that of PCT. Oh et al. (12)
reported that the sensitivity of diagnosing severe
sepsis and septic shock by taking level of PCT >
2 mg/mL as the cutoff point was 93.94% (higher
than the result of this study) and the specificity was
87.23 % (close to the result of this study). Different
sensitivity of PCT may be associated to the different
sources of patients. The study of Oh took emergency
patients as the research subjects, while this study
took hospitalized pneumonia patients as the research
subjects.

In conclusion, hs-CRP and PCT are associated to
the severity of infection. Detection of hs-CRP and
PCT can be regarded as the predictor for sepsis. This
work is of great clinical significance for the early
definite diagnosis of pneumonia complicated with
sepsis, timely evaluation of disease progress and
improvement of prognosis.
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Food intake, especially carbohydrates, release incretin, which is an endocrine transmitter. Among
the various endocrine modulators, Glucagon-like peptide 1 (GLP-1) is more effective in stimulating the
release of insulin and more powerful regulator of physiological functions. Mainly (GLP-1) receptors
are expressed in lungs, a and P cells of pancreatic islets and the nervous system. Peripheral tissues,
gastrointestinal tract and extra pancreatic tissues i.e., vascular smooth muscle, kidney and heart, also
contain high affinity receptors for GLP-1. The aim of this systematic review was to gather the available
published evidence of the functions performed by GLP-1 through the activation of its receptor in various
organs. This review suggest that GLP-1 receptor signaling helps prevent beta cell apoptosis and conserve
function and morphology of human islet. The effect of GLP-1 signaling in weight loss in diabetic patients
was proved by previous studies. The long term use of GLP-1 receptor agonists reduces cardiovascular
and renal complications in diabetic patients. Significant evidence was found in previous literature for
its effect on pancreatic secretions. The secretions of many enzymes and hormones, such as trypsin,
lipase and glucagon, inhibited significantly while the increase in levels of insulin and somatostatin was
reported in many studies. GLP-1 has a prominent role in cardiac functioning and increases the heart
rate considerably. Based on the vast impact of GLP-1 on physiological functions, many GLP-1 receptor

agonists can be made that can increase the healthy life span.

To the Editor,

Glucagon-like peptide is recognized as most
powerful insulinotropic hormone (1). In the pancreas,
glucagon is derived from peptide precursor, pre-pro-
glucagon (PPG) containing glucagon sequences
of glucagon-like peptide 1 (GLP-1), glucagon-like
peptide 2 (GLP-2) and other dissimilar peptide
sequences to glucagon (2). GLP-1 is released from
L-cells of the intestinal epithelium (1) in response
to nutrient intake, especially food rich in fat and
carbohydrates (3).

The functions of GLP-1 are facilitated by attaching
to the cell surface receptor of secretin/glucagon
superfamily of receptors attached with heterotrimeric
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G proteins (1). Extensive physiological spreading
of GLP-1 receptor proposes numerous mechanisms
of metabolic control including both centrally and
peripheral neurohumoral pathways (4). Numerous
biological characteristics of GLP-1 made this
endocrine regulator an excellent candidate for the
treatment of diabetes (5) as it works to slow the gastric
emptying, accelerate insulin release and facilitate
satiety in the central nervous system (CNS) (3).
GLP-1 works as a neuropeptide as well exerting
various functions in CNS like decrease in food and
water ingestion. It is produced mainly in caudal
region of nucleus of the solitary tract (NTS) (2).
GLP-1 has beneficial effects on pancreatic beta cells,
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one of which is inhibition of apoptosis of native beta
cells (6).

In the bloodstream, native GLP-1 is quickly
degraded by dipeptidyl peptidase-V1 (DPP-VI).
Nonetheless, improved peptidase-resistant GLP-
1 analogues are extremely resistant to DPP-
VI degradation and show longer half-lives and
are considerably stronger than native GLP-1.
Consequently, the analogs of GLP-1 are now being
evaluated on a clinical basis for the treatment of
various diseases (7).

MATERIALS AND METHODS

All the related studies published in English
language were thoroughly reviewed by conventional
methods of systematic review research. Defining the
objectives, a written prospective protocol, inclusion
and exclusion criteria and search strategy was
followed.

Study characteristics
The abstracts were reviewed based on apparent

J.MALIK ET AL.

elimination criteria. The inclusion and exclusion
criterion defined in perspective protocol was used to
review complete studies. Only those studies that were
centered on GLP-1 as a main physiological regulator
were included in this review. The vast majority of
studies were excluded based on not reporting the
physiological functioning of GLP-1R.

Table I shows important information from each
accepted study, and qualitative synthesis of all
included studies was performed. Statistical analysis
was not performed.

RESULTS

Beta cell apoptosis

Farilla et al. (1) investigated the cellular
vulnerability to apoptosis changes with GLP-
1 receptor signaling. Cell apoptosis, induced by
streptozocin (STZ), was lowered significantly by
co-administration of GLP-1 agonist exendin-4
(Ex-4). BHK-GLP-1R cells treated with Ex-4
revealed considerably increased  viability,
decreased caspase activity, reduced cleavage of
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Fig. 1. Physiological functions of GLP-1.
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catenin after treatment with cycloheximide in
vitro. These results exhibited that the susceptibility
to apoptotic injury can be modified by GLP-1
receptor signaling and a new potential mechanism
was provided that linked the conservation or
increase in cell mass in vitro to GLP-1 receptor
stimulation.

Farilla et al. (5) studied whether GLP-1 could
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enhance function and prevent apoptosis in freshly
isolated human islets. They noticed well preserved
3-dimensional islet morphology treated with
GLP-1 as compared to controls. GLP-1 inhibited
nuclear condensation, a feature of cell apoptosis.
The up regulation of bcl-2 and down regulation of
active caspase-3 was linked with the antiapoptotic
influence of GLP-1. The study proved that GLP-1

Table 1. Summaries of studies considering functions of GLP-1.

STUDY | COUNTRY | (HESTED | YR OF | oG | OUTCOME MEASURES |  RESULTS
diai)lﬁ(ce:a s human TUNEL staining with Dead 3‘;?13 (if;ircezse
Farilla California 2002 recombinant | end colorimetric apoptotic pop
aged 12 GLP-1 detection sytem cells (p <
weeks 0.0001)
Down-regulation
. of caspase-3 (P <
poontte e ot |0
Farilla California pancreatic 2003 GLP-1 pop up-regulation of
. was observed at mRNA and
islets cotein level bel-2 (P <0.01)
p at mRNA and
protein level
Significant (p <
. - . 0.0001), strong
Toyoda Japan mice aged 8- 2008 exendin-4 TUNEI? stammg w1th (r=0.998)
10 weeks apoptosis detection kit L
correlation in
total islet mass.

Summary of studies assessing the effect of GLP-1 on Weight Loss in diabetic patients

AGONIST
STUDY COUNTRY | YEAR S TESTED DOSE AGE BMI RESULTS | HBAlc,
-11.6+83 | -0.54+14
Boer Netherland 2016 Exenatide NA )5/2;:51 8.1 ;3/0m2 kg (p= % (P=
’ g 0.058) 0.641)
-8.8+7.5 -0.43+1.0
Liraglutide NA kg (p= % (P =
0.058) 0.641)
Sanchez- 0.5-1.5%
. Germany 2017 Exenatide NA NA NA 2.0-3.8kg (5.5-1.6
Garrido
mmol/ mol)
-0.5-1.5%
Lixisenatide | NA 2.0-3.8 kg (5.5-1.6
mmol/ mol)
-0.9-2.2%
Liraglutide | NA 1.3-8.6kg | (9.9-24.2
mmol/mol)
-1.7% (18.7
mmol/mol)
4.8kg vs vs 0.5%
Semaglutide | NA 1.2kg with | (5.5
placebo mmol/mol)
with
placebo
-0.78—
0,
Dulaglutide | NA 2.3-3.0kg (186g—/i)80
mmol/mol)
-0.79—
0,
Albiglutide | NA 11-1.7 kg (()8?79—/;.78
mmol/mol)
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Studies accessing the effect of GLP-1 in regulation of pancreatic secretions

PANCREATIC ORGANISM
STUDY COUNTRY YEAR HORMONES TESTED RESULTS
8 humans (6
Wettergen Denmark 1993 | Trypsin men ,2women) | trypsin inhibited by 47+17%
Lipase lipase inhibited by 40+9%
insulin significantly increased
Glucagon significantly decrease
significant reduction in -
Masur Boston, 2005 | insulin rat islet TC-6 insulinoma cells

Studies accessing the effect of GLP-1 as neurotransmitter

relative

Study Country year method used brain areas concentratio
n
in situ hypothalamic high
LARSEN Denmark 1997 hybirdization dorsomedial , concentration
and paraventricular
nuclei

MERCHE-NTHALER Pennsylvania 1999 S35-UTP-labeled Froptal sectlpns of the High )

probe was used brain and spinal cord concentration

Studies accessing the effect of GLP-1 on Cardiac Functioning

COUN ORGANIS DOSE % CHANGE % CHANGE
STUDY TRY YEAR | AGONIST M TESTED TESTED IN MAP IN HR
Sprague- 30, 300, or
Yamamoto USA 2002 exedin-4 Dawley rats 3000 ng i.v. Increase SBP NA
(250-350 g) or 3, 30, or and DBP
&) | 300 ngi.c.v
. SBP (4.86
. 2004 to . 5 mg twice (3.20 bpm, 95%
Feng Sun China Exenatide NA . mmHg, 95% CI: i
2015 daily 833, 1.40) 1 CI: 0.99,5.41) 1
. DBP (0.9
10 ‘gagiltwwe mmHg,95% CI:
y 1.68,0.11) |
2 mg once
week
SBP (3.59 o/ (1.
Liraglutide 12 (rir;%lonce mmHg, 95% CI: 2'1727(935 g]4)CTI'
y 5.84, 1.35) a3
1.8 mg once DBP no
daily significant
difference
SBP (3.67
Albiglutide 30Wr2§k(ince mmHg, 95% CI: | not significant
Y 7.05, 0.29)
DBP no
50;25131106 significant
Y difference
Dulaglutide 0.75 mg once C?‘;:‘g“‘ﬁcfant 2.19 bpm (95%
daily merence 100 1 1 0.36, 4.02)1
SBP and DBP e
1.5 mg once
daily

TUNEL: terminal deoxynucleotidyl transferase dUTP nick end labeling; BMI: body mass
index; HBA1: Hemoglobin Alc; MAP: mean arterial pressure; HR: heart rate; SBP:
systolic blood pressure; DBP: diastolic blood pressure.

in human islet conserves function and morphology
and prevents cell apoptosis.

Toyodaetal. (6) described the in vivo cytoprotective
effect of GLP-1R signaling in case of glucose toxicity.
Normoglycemia was restored by Exendin-4 treatment
in streptozocin-induced diabetic mice, by reducing the
number of beta cell apoptosis. This could be used to
treattype Il diabetes and in clinical islet transplantation,
as the engraftment rates can be enhanced.

Weight loss in diabetic patients

Boer et al. (9) analyzed that continuous treatment
of GLP-1 receptor agonists for two years resulted in
sustained decrease in insulin dose in type 2 diabetes
patients and reduced weight. The study of Sanchez-
Garrido et al. (3) proved clinically that GLP-1RAs
improve post prandial and fasting blood glucose
control. GLP-1RAs also promote weight loss. GLP-
1RAs received first regulatory approval for type 2
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diabetes in 2005. Prolonged usage of GLP-1RAs
decreases cardio-renal complications of diabetes.

Regulation of pancreatic secretion

Wettergren et al. (10) demonstrated that gastric
emptying, gastric acid secretion and pancreatic
secretion of trypsin and lipase is effected by injecting
GLP-lintravenously. They carried out this study by
testing on eight normal volunteers using aspiration
technique and marker dilution. They concluded that
GLP-1 inhibits gastric and pancreatic secretions.
Masur et al. (11) supported the idea that GLP-1 plays
a prominent role in the regulation of pancreatic islet
secretion.

Neurotransmitter

Larsen et al. (4) proved through
hybridization histochemistry that preproglucagon
encoding mRNA was expressed in neurons in
the caudal region of nucleus of solitary tract. Gel
chromatographic analysis confirmed the presence
of GLP-1 and other peptides in small intestine
and forebrain working as neurotransmitter.
Merchenthaler et al. (2) described the spreading of
GLP-1R mRNAs in the central nervous system of
rat. They studied the locations of GLP-1 production
and action. The widespread distribution of GLP-1R
in the CNS suggested that GLP-1R function also as
neurotransmitter or neuromodulator.

n-situ

Cardiac functioning

The study of Yamamoto et al. (7) documented
that the GLP-1 system activates the cardiovascular
responses by acting as regulator of sympathetic
outflow. They reported that in-vivo administration
of GLP-1 elevates the heart rate and blood pressure.
Feng et al. (12) described that GLP-1RAs are related
to slight decrease in blood pressure, a minor increase
in heart rate and have no significant association with
hypertension.

DISCUSSION

This review was written to sum up the available
published proofs of the functions performed by
intestinal incretin GLP-1 through the activation of
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its receptor GLP-1R on various organs. This review
concludes that GLP-1R signaling helps to prevent
beta cell apoptosis and also conserve function
and morphology of human islet, as well as having
a clinical implementation in treatment of type 2
diabetes and improving islet engraftment rates.

Various studies proved the significant effect of
GLP-1R agonists in weight loss in diabetic patients.
This effect was proved by using GLP-1R agonists
in obese and overweight patients. One study proved
that the long term use of GLP-1RAs reduced
cardiovascular and renal complications in diabetic
patients.

Prominent evidence was found in previous
studies for the influence of GLP-1R on pancreatic
secretions. The secretions of many enzymes and
hormones, such as trypsin, lipase and glucagon,
inhibited significantly while the increase in levels
of insulin and somatostatin was reported in many
studies. In one study, significant reduction in insulin
release was reported in TC-6 insulinoma cells.

Many studies elaborated the role of GLP-1R
as neurotransmitter and provided experimental
evidence of widespread distribution of GLP-1 in
different brain areas. GLP-1R has a significant
role in cardiac functioning and increases heart rate
significantly. One study reported non-significant
association of GLP-1R with hypertension. Based on
the vast impact of GLP-1 on physiological functions,
many GLP-1RAs can be made that can increase the
healthy life span.
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Cervicogenic pain is a common chronic disease that needs individualized treatment according to
the place of pain. This study aimed to observe the effect of ultrasound-guided nerve root block in the
treatment of cervicogenic pain and its influence on immune function. A total of 30 patients (group A)
with cervical discogenic pain (CDP) were treated by selective cervical nerve root block and 30 patients
(group B) with CDP were treated with cervical spinal block under the X-ray C-arm guidance. The two
groups of patients were examined with regard to the analgesic effect by Numerical Rating Scale (NRS),
and the changes in the preoperative and postoperative range of motion in the neck (ROM). In addition,
weekly pain attacks and the duration of each attack were recorded. The content of CD3*, CD4* and
CD8" in the peripheral blood T lymphocyte subsets in the two groups was evaluated by flow cytometry.
The levels of these subsets were compared 24 h before treatment, 24 h after treatment, 3 days (d) after
treatment and 7 d after treatment. At the time periods of 24 h, 3 d, and 7 d after treatment, the NRS
of the two groups decreased significantly compared with before treatment (P<0.01). The changes of
the ROM, the number of weekly pain attacks, the duration of each pain attack, and the stiffness of the
head and neck were significantly lower in the two groups compared with those prior to the treatment
(P<0.05). In group A and group B, the number of CD3*, CD4" and CD8" T cells 24 h and 3 d after
treatment increased significantly compared with that noted before treatment (P<0.05). Seven days after
treatment, the levels of CD3*, CD4" and CD8" T cells in the peripheral blood T lymphocytes of group
A were significantly higher than those of group B (P<0.05). Selective cervical nerve root block under
ultrasound is an effective method for the treatment of cervical discogenic pain. The effect is better than
that of the X-ray C-arm-guided cervical block method. The mechanism of selective cervical nerve root
block under ultrasound may be related to the regulation of the content of CD3*, CD4*, CD8" T cells in
the peripheral blood T lymphocyte subsets and the enhancement of cellular immunity.

To the Editor, pain. Moreover, this disease can be divided into

Cervicogenic pain is a common chronic disease cervical headache (CEH), cervicogenic upper limb
(1) which can be divided into cervical discogenic pain, cervicogenic shoulder and back pain, and neck
pain (CDP), cervical nerve root pain, and cervical soft tissue pain, according to the pain site (3, 4).
spondylosis pain (2) according with the source of Recently, the related studies on CEH and CDP have

Key words: selective cervical nerve block under ultrasound, X-ray C-arm-guided cervical paravertebral block, neck
pain, immune function
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received extensive attention from neurosurgeons,
anesthesiologists and pain physicians (5). Various
types of treatment methods have been employed
for CEH and CDP, although in recent years, chronic
CEH and CDP with severe pain has been treated by
two methods, namely, X-ray C-arm-guided cervical
block (6, 7) and selective cervical nerve root block
under ultrasound (8). The latter method has achieved
optimal effects. The study of the immune mechanism
of intervertebral disc-derived pain has been the focus
of major attention and the relationship between pain
and the expression of T lymphocyte subsets (TLS)
has been extensively investigated. Therefore, the
aim of the present study was to evaluate the effect of
selective cervical nerve root block and X-ray C-arm-
guided paravertebral block on CDP, and the changes
in the CD3", CD4" and CD&" levels in peripheral
blood T lymphocytes.

MATERIALS AND METHODS

Patients

From January 2015 to December 2017, 30 patients
(group A) with cervical discogenic pain (CDP)
treated with selective cervical nerve root block and
30 patients (group B) with cervical discogenic pain
treated with cervical spinal block under the X-ray
C-arm were selected from the Taizhou Hospital of
Zhejiang Province. Group A included 8 males and
15 females, aged 32-73 years (average 52.5 years).
Group B included 9 males and 14 females, aged 34-

HF. YING ET AL.

65 years (average 48.2 years). Informed consent was
signed by all the patients and/or family members,
and the study was approved by the Ethics Committee
of the Taizhou Hospital of the Zhejiang Province.

The inclusion criteria were patients with less
than 3 months of conservative treatment and poor
effect, patients with moderate or mild cervical disc
degeneration, and those with the clinical diagnosis
of disc derived neuropathy.

The exclusion criteria were patients with
possible severe cardiovascular and cerebrovascular
complications, patients with severe cervical disc
degeneration, and patients with cervical deformity.

Imaging examination

Preoperative Computed Tomography (CT) or
Magnetic Resonance Imaging (MRI) was performed
on patients. CT was used to observe whether the
intervertebral disc was prominent, bulged, or
prolapsed, and whether the intervertebral disc
compressed the nerve root. The CT scan further aided
the observation of osteophyte and intervertebral
foramen stenosis at the edge of the intervertebral
foramen. For complex lesions, CT with three-
dimensional reconstruction technology was used
to display the cervical spine and its surrounding
structures. MRI was used to investigate the axial,
coronal and sagittal multi-angle imaging of the
cervical vertebra and to determine multi parameter
imaging (T1WI, T2WI, STIR), which could be used
for early diagnosis of intervertebral disc degeneration

Fig. 1. Ultrasonographic examination. A) ultrasound showed the nerve root area,; B) puncture needle reached the nerve root area).
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as well as for the diagnosis of spinal canal occupying
lesions. The relationship between nucleus pulposus
and nerve root in patients with lumbar disc herniation
was observed by MRI spinal FLAIR imaging.

Paracervical block

The position of the nerve root of the cervical vertebra
target was observed prior to the operation of the X-ray
C-arm, and the needle was inserted vertically to the
skin to the end of the transverse process. A total of 2
mL of iohexol injection (GE Healthcare AS, Ireland)
was injected into the end of the transverse process,
the tip of the needle was reconfirmed at the end of the
transverse process and the blood and cerebrospinal
fluid were returned. After the intravascular and spinal
canal puncture was confirmed, the anti-phlogistic
analgesic fluid (10 mL of 0.25% lidocaine and 5 mg
of triamcinolone acetonide) was injected slowly and
changes in the vital signs of the patients were observed.

Selective cervical nerve root block under ultrasound

The patient took a supine position and the
transverse process of the puncture was determined.
The ultrasonic probe was placed on the neck to get
the short axis ultrasonic image. The position of the
anterior and posterior tubercle of the transverse
process with the high echo structure “Shuangfeng
sign” and the position of the hypoechoic circular
or elliptical root of the nerve root in Shuangfeng
were found. After the identification of the cervical
target nerve, the 25 G 3.8 cm long puncture needle
was directly inserted into the skin behind the
probe. Following successful puncture, no blood or
cerebrospinal fluid were resorbed. Anti-inflammatory
and analgesic fluid (8 mL 0.25% lidocaine, 10 mg
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triamcinolone acetonide and 500 pg VitB12) were
injected, and changes in the patient’s vital signs were
observed.

Evaluation of curative effect

Numerical Rating Scale (NRS) was used to
evaluate the analgesic effect of the patients, and the
changes of preoperative and postoperative reduced
range of the motion in the neck (ROM). Furthermore,
weekly pain attacks and the duration of each pain
attack were recorded. The NRS grading criteria for
pain measurements were as follows: 0: no pain; 1-3:
mild pain; 4-6: moderate pain; and 7-10: severe
pain. The ROM scoring method was the following:
1 point: free activity; 2 points: activity extent and
scope is limited; 3 points: activity is severely limited
and rigid; 4 points: basically cannot move (9).

Flow cytometry

From all patients, 2 mL of peripheral venous blood
was collected 24 h prior to treatment, and at 24 h, 3 d
(days) and 7 d (days) after treatment. The patients then
received heparin (20 ~ 50 u/mL) for anticoagulation.
The T lymphocyte subset of the peripheral blood was
detected by a Coulter Epics XL flow cytometer (FCM),
and the content of the CD4" cells was compared with
that of the T lymphocyte subset.

Statistical analysis

The data were analyzed by statistical software
SPSS19.0, and all observed values were expressed
in the form of mean + standard deviation. The data
in the observation index group were analyzed by
variance analysis, and the difference was statistically
significant when P<0.05.

Table 1. Demographic data of the two groups before treatment.

d Weight
Groups Cases Age (years) (Gn:tllej:emale) Height (cm) (Kegl;g
Group A 30 52.45+14.98 8/15 166.79+£8.57 65.88+11.20
Group B 30 48.24+13.56 9/14 169.34+£9.09 66.07£10.87
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Table I1. NRS score, the number of pain attacks, the duration of pain onset, ROM and head and neck stiffness sensation

before and after treatment.

HF. YING ET AL.

Indexes Group A Group B
Before treatment 7.22+2.14 6.89+2.52
24 h after treatment 2.03+£1.38%* 2.1342.47%*
NRS score
3 d after treatment 2.43+]1.96%*& 3.26+£2.19%*
7 d after treatment 3.58+2.47%*& 4.73+2.99%*
Before treatment 11.31£10.22 9.85+8.35
The number of
pain attacks
7 d after treatment 3.41+3.06%% 4.62+3.41%*
Before treatment 7.24+6.14 8.16£7.05
. 24 h after treatment 1.73£1.32%* 2.13£2.03**
Duration of
pain onset (h)
3 d after treatment 2.57+2.09%* 3.34+2.84%*
7 d after treatment 3.94+3.12%* 3.96+3.15%
Before treatment 2.74£2.03 2.9842.07
24 h after treatment 1.23+0.63** 1.374£0.37%*
ROM
3 d after treatment 1.48+0.87* 1.49+0.68*
7 d after treatment 1.58+0.72%* 1.66+£0.62%*
Before treatment 88.41 90.75
Head and 24 h after treatment 21.57%*& 46.89%*
neck stiffness
sensation (%) 3 d after treatment 21.63%%& 47.13%*
7 d after treatment 26.63%*& 51.67**

Note: compared wit

h before treatment, *P<0.05, **P<0.01; &Group A compared with group B and P<0.05.

RESULTS Therapeutic effect of pain

According to the data in Table I, no statistical

Selective cervical nerve root block under ultrasound difference in the general data was observed between

In the present
that 30 cases of

completed, as shown in Fig. 1.

the two groups (P>0.05), regarding age, gender,
height and weight.
As shown in Table II the number of pain attacks 7

study, the ultrasound confirmed
cervical nerve root block were
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Table II1. CD3", CD4* and CD8" T cells in peripheral blood of the two groups before and after treatment .

1181

Group A Group B

Before treatment 61.83+7.66 57.95+9.31

24h after treatment 81.62+9.54** 73.86+11.83*
CD3*

3 d after treatment 74.04+8.75%& 62.11+£10.51

7 d after treatment 65.15+7.49*& 60.03+11.34

Before treatment 36.15+£5.66 37.05+4.82

24 h after treatment 52.06+7.83** 50.11+£6.63*
CDh4*

3 d after treatment 48.83+5.97**& 41.2545.52%

7 d after treatment 41.8745.36%% 37.91+5.11

Before treatment 16.93+5.16 16.11+£6.16

24 h after treatment 29.07+9.33%* 27.52+5.73*
CD8*

3 d after treatment 26.93+£8.28* 23.88+5.45%

7 d after treatment 21.2546.19*% 17.8945.82

Note: compared with before treatment, *P<0.05, **P<0.01; *Group A compared with group B and P<0.05.

d after treatment in the two groups was less than that
before treatment. NRS, pain duration, ROM, and stiff
neck of the two groups were measured at 24 h, 3 d
and 7 d after treatment and were found to be less than
those before treatment. Group A and group B were
compared. Seven days after treatment, the number of
pain attacks in group A was lower than that in group
B (P<0.05). At 24 h after treatment, the NRS in group
A was compared with that in group B (P>0.05). At
3 d and 7 d after the treatment, the NRS in group A

was significantly lower than that in group B (P<0.05).
No significant difference was noted in the duration
of pain and ROM in the A and B groups (P>0.05),
whereas stiffness in the head and neck of group A was
significantly lower than that of group B (P<0.05).

T cell subsets in peripheral blood of patients

At the time periods of 24 h, 3 d and 7 d after
treatment, the levels of T lymphocyte subsets CD3*,
CD4* and CD8" in the two groups were all higher



1182

than those before treatment. At 24 h after treatment,
there were no significant differences when the
content of T lymphocyte subsets CD3*, CD4" and
CDS8" in group A was compared with that of group B
(P>0.05) At 3 d and 7 d after treatment, the content
of peripheral blood subgroups of CD3", CD4" and
CDS8" T cells in group A was higher than that of
group B (P<0.05) (Table III).

DISCUSSION

In many types of cervical pain, the nerve block
therapy for CDP is a relatively mature treatment
method (10, 11). In the present study, the NRS of
the two groups of patients at 24 h, 3 d and 7 d after
treatment decreased significantly compared with that
before treatment (P<0.01), indicating that the two
groups of patients achieved significant analgesic effect.
In addition, the changes in the variables ROM, weekly
pain attacks, duration of pain and stiffness of head and
neck in the two groups, were significantly lower than
those before treatment (P<(0.05), which indicated that
the two groups had optimal short-term effect.

The results suggested that the selective cervical
nerve root block under ultrasound was better than
the C-arm-guided cervical paravertebral block.
The reason may be that the location of the cervical
nerve root and vertebral artery can be observed by
ultrasound-guided scan, which can effectively reduce
the number of punctures and shorten the operation
time.

The immune mechanism of pain, notably
the changes in peripheral blood pain-related
inflammatory mediators, may be related to the
pathogenesis and effect of pain (12, 13). In the present
study, CDP patients were selected and it was found
that the number of CD3*, CD4" and CD8" T cells in
group A and group B was significantly higher than
that noted at 24 h and 3 d after treatment (P<0.05).
However, at 7 d after treatment, the aforementioned
measurements of group A were significantly higher
than those of group B (P<0.05). In combination with
the results of the analgesic effect, the therapeutic
effect of selective cervical nerve root block under
ultrasound was better than that of the C-arm-guided
inferior cervical block.

HF. YING ET AL.
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PIG3 SUPPRESSES GASTRIC CANCER PROLIFERATION BY REGULATING p53-
MEDIATED APOPTOSIS
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Gastric cancer (GC), the third leading cause of cancer mortality and the fifth most common cancer in the world,
still is an important health problem worldwide. P53-inducible gene 3 (PIG3) was initially isolated in an investigation
to identify the genes that were induced by p53 in human colorectal cancer cells. PIG3 can also regulate the stability
of p53 through suppressing the process of the MDM2-mediated ubiquitination of p53. The aim of this study is to
explore the expression level of PIG3 in human GC and further investigate the function and mechanism of PIG3 in
human GC. Five cell lines and 30 matched GC tissue samples and adjacent tissue samples were used for this study,
and MTT assay, colony formation assay, flow cytometry analysis and Western blot were carried out. Expression of
PIG3 was found to be frequently reduced in GC. Restoration of the expression of PIG3 inhibited cell proliferation,
induced cell apoptosis and further activated P53 signaling in BGCS823 cells. In conclusion, we demonstrated that
expression of PIG3 is frequently reduced in GC tissue, and PIG3 suppressed human GC growth through p53-

mediated apoptosis. PIG3 may act as a potential diagnostic marker and a potential therapeutic target of GC.

To the Editor,

Gastric cancer (GC) is still an important health
problem worldwide, and despite advances in
prevention, diagnosis and therapy, is still the fifth
most common cancer and the third leading cause
of cancer mortality worldwide (1). The risk factors
for GC include ingestion of salt and salt-preserved
foods, H. pylori infection, and smoking (2), however
environmental factors also play important roles. An
increasing number of investigations suggest that
the susceptible genetic variants, not only genetic
but also epigenetic alterations, play a crucial part

in the initiation and progress of human primary GC
(3, 4). The late diagnosis and the poor response to
the available therapeutic regimens of GC results in
high mortality. The highly heterogeneous nature of
GC may be one of the reasons for the poor clinical
outcomes. The microenvironmental interactions,
genetic alterations and epigenetic events as well play
important roles in tumor heterogenity (5).

PIG3 (p53-inducible gene 3) was firstly isolated
in an investigation to identify genes that were
induced by p53 in human colorectal cancer cells,
which is encoded by a gene located downstream
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of the protein p53 encoding gene (6). P53 can bind
with a penta-nucleotide microsatellite sequence in
PIG3 promoter, and transactivate the expression of
PIG3 prior to the onset of p53-initated apoptosis
(7). Recently, it was reported that PIG3 plays an
important role in the cellular response to DNA
damage, especially in DNA repair and checkpoint
signaling (8). Our investigation mainly focuses on
the function and mechanism of PIG3 in GC.

MATERIALS AND METHODS

Thirty primary human GC samples and matched
adjacent tissue samples were collected from
Ningbo Medical Center Lihuili Eastern Hospital. The
median age of the patients was 60 years (range 35-86), and
the female/maleratiowas 1:1.5. All the gastric samples were
collected under the guidelines approved by the institutional
review board of Ningbo Medical Center Lihuili Eastern
Hospital, and written informed consent from patients.

Five GC cell lines (BGC823, AGS, MGC803, MKN45
and N87) were previously established from primary GC,
and were maintained in 10% fetal bovine serum and 90%
RPMI 1640 (Invitrogen, Carlsbad, CA, USA).

RNA isolation, semi-quantitative RT-PCR and quantitative
real-time PCR

Trizol reagent was used for total RNA isolation
(Life Technologies, Gaithersburg, MD). First strand

A
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cDNA was synthesized by the manufacturer’s
instructions  (Invitrogen, Carlsbad, CA, USA).
Primers for RT-PCR of PIG3 are as follows: sense,5’-
GATGGTCGATGGGTTCTCTATG-3’ and antisense,5’-
GATTTCGGTCACTGGGTAGATTC-3". QRT-PCR
was performed with SYBR Green master mix (Thermo
Scientific, Waltham, MA, USA) according to the
manufacturer’s protocol using the following primers:
5’-GCTGAGGTCTAGGGACAATAAG-3" and
5’-GATTTCGGTCACTGGGTAGAT-3".
GAPDH was used as an internal control using primers
sense, 5’-GACCACAGTCCATGCCATCAC-3" and
5’-GTCCACCACCCTGTTGCTGTA-3".
order to avoid genomic DNA contamination, all primers

sense,
antisense,

as:
antisense, In
were designed to span intronic sequences between
adjacent exon.

Construction of PIG3 expression vector and transfection
assay

Full length ¢cDNA of PIG3 was amplified by RT-
PCR using primers of the following sequences: sense,
5’-ACCGAATTCATGTTAGCCGTGCAC-3’ and
antisense, 5’-AATCTCGAGTCACTGGGGCAGTTC-3".
The amplified PIG3 PCR products were cloned into pPCMV6
vector. Lipofectamine 3000 (Invitrogen, Carlsbad, CA,
USA) was used as transient transfection.

Cell viability detection
BGC823 cells were plated into 96-well plates with 2x

1.2
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0.8
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Relative RNA level
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B n s s e nnnnny
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Fig. 1. The expression level of PIG3 in human primary gastric cancer. A) Expression level of PIG3 detected by semi-quantitative
RT-PCR. GAPDH: the internal control of RT-PCR. BGC823, MGC803, AGS, N87 and MKN45 are gastric cancer cell lines.
B) Representative relative expression of PIG3 in matched gastric cancer tissue samples (C) and adjacent tissue samples (N).
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103cells per well, and the MTT assay (KeyGEN Biotech,
Nanjing, China) was employed to detect the cell viability
at 0, 24, 48, 72 and 96 h. Absorbance was measured on a
microplate reader (Thermo Multiskan MK3, MA, USA) at
a wavelength of 490 nm.

Colony formation assay

BGCB823 cells were plated into 6-well plates with
500 cells per well for 14 days. The growth medium was
exchanged every 3 days with growth medium conditioned
G418 (Invitrogen, Carlsbad, CA, USA) at 400ug/ml.
Cells were fixed in 75% ethanol for half an hour, and
then stained with 0.2% crystal violet (Beyotime, Nanjing,
China) for 10 min for visualization and counting.

Flow cytometry analysis

Apoptosis of BGC823 cells was analysed by
Annexin V-FITC/PI Apoptosis Detection Kit (KeyGen
Biotechnology, China) according to the manufacturer’s
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Fig. 2. The function of PIG3 in gastric cancer cell
proliferation. A) Growth curves of cells analyzed by
MTT assay show the function of PIG3 in BGC823
cells. Each experiment was repeated in triplicate,
***p<0.001. B) Restoration of PIG3 expression
reduces the colony number of BGC823 cells
analyzed by colony formation. The bar diagram
represents the average number of clones of BGC823
cells. Each experiment was repeated in triplicate.
**P<0.01.
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instructions. Samples were analyzed by flow cytometry
with a FACScan Flow Cytometer (Becton-Dickinson
Biosciences, Mansfield, MA).

Gene expression array

The total RNA was isolated from PIG3 re-expressed
and unexpressed BGC823 cells by Trizol reagent (Life
Technologies, Gaithersburg, MD, USA). Cy5/Cy3 was
labeled on the RNA samples. All samples were hybridized
to the Human Whole Genome One Array (Phalanx Biotech
Group, CA, USA). The hybridized chips were scanned by an
Axion 4000 scanner (Molecular Devices, CA, USA). Spot
quantification was performed using the Genepix 4.1 software
(Axion Instruments, CA, USA). Differentially expressed
genes were further analyzed with fold changes >2.

Western blot

Protein was collected 48 h after transfection of GC cells.
Antibodies were diluted according to the manufacturer’s
instructions. The primary antibodies were as follows:
PIG3(H300) (Santa Cruz Biotechnology, Santa Cruz, CA,
USA), P53, caspase-3, cleaved caspase-3, BAX (Protein
Tech Group, Chicago, IL, USA) and B-actin (Bioworld
Tech, MN, USA).

Statistical analysis

SPSS 17.0 software (IBM, NY, USA) was used for data
analysis. The student’s #-test was used in this study. P<0.05
was regarded as a statistically significant difference.

RESULTS

Expression level of PIG3 reduced in GC

Semi-quantitative RT-PCR was employed in this
study to detect the expression of PIG3 in GC cell
lines. The results are shown in Fig. 1A: in BGC823
and MGCS803 cells, loss of expression of PIG3 was
found. In AGS cells, the expression level of PIG3
was reduced. But in N87 and MKN45 cells, PIG3
was highly expressed. Furthermore, we detected
the expression level of PIG3 in 30 cases of matched
GC tissue samples and adjacent tissue samples by
quantitative real time PCR (qQRT-PCR). As shown in
Fig. 1B, PIG3 had considerably lower expression level
in tumor samples, which indicated that the expression
of PIG3 may act as a diagnostic marker of GC.
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Figure 3
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Fig. 3. The effect of PIG3 on cell apoptosis and the molecular mechanism of PIG3 inng in human gastric cancer cells.
A) The function of PIG3 in cell apoptosis of BGCS823 cells analyzed by flow cytometry. ***p<0.001. B) The different
genes expressed in BGC823 cells before and afier restoration of PIG3 expression analyzed by expression array. C) The
regulation of PIG3 in P53, BAX, caspase-3 and cleaved caspase-3 expression in BGC823 cells analyzed by Western blots.

S-actin: the internal control.

Restoration of PIG3 expression suppressed GC cell
proliferation

Cell viability assays and colony formation
assays were employed to evaluate the function of
PIG3 in progression of GC. MTT assay was used
to determine the cell viability. The OD value was
0.6440.012 vs 0.50+0.025, respectively, before and
after restoration of PIG3 expression in BGC823
cells (p<0.001, Fig. 2A).

In the colony formation assay in BGCS823 cells,
the clone number was 30.7+5.03 vs 13.3+£3.06 before
and after restoration of PIG3 expression, respectively
(p<0.01, Fig. 2B). These results suggested that
restoration of PIG3 expression suppressed GC cells
proliferation.

PIG3 induces cell apoptosis and suppresses cell
growth through activating p53 signaling in GC cells

Flow cytometry assays was employed to evaluate
the effect of PIG3 in cell apoptosis. The percentage
of apoptotic cells was 1.53+0.47% vs 6.33+0.59%
(p<0.001, Fig, 3A) before and after re-expressed
PIG3, respectively. These results demonstrate that
PIG3 induced cell apoptosis in GC cells.

It was reported that PIG3 can inhibit p53
ubiquitination and regulate intracellular p53 levels
subsequently(9). The gene expression array was
used to investigate the mechanism of PIG3 in
human GC. The gene expression profile in BGC823
cells was analyzed before and after restoration of
PIG3. Among the differently expressed genes,
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p53 was up-regulated more than 2-fold (Fig. 3B).
Moreover, the protein level of P53, BAX, caspase-3
and cleaved caspase-3 were detected by Western
blot. The expression level of P53, BAX and cleaved
caspase-3 were increased, and caspase-3 was
reduced after restoration of PIG3 (Fig. 3C). The
results suggest that PIG3 can activate p53 signaling
in human GC cells.

DISCUSSION

There is a binding site for p53 in the promoter
of PIG3, and transcription of PIG3 occurs before
the onset of apoptosis initiated by p53 (7). Reactive
oxygen species (ROS) act as downstream mediators
of p53-dependent apoptosis. It is reported that PIG3
play an important role in ROS generation (6, 10).
NADK quinine oxidoreductase 1 (NQO1) is known
to contribute to ROS generation, and the amino acid
sequence of PIG3 shows homology to that of NQO1
significantly (6). Recently, another study showed
that PIG3 act as a transcriptional target of p53,
and can also regulate p53 stability by suppressing
its MDM2-mediated ubiquitination (9). In breast
cancer, BRCA1 regulates PIG3-mediated apoptosis
in a p5S3-dependent manner, and PIG3 expression is
related with better OS (11).

In this study, it is indicated that expression level
of PIG3 reduced in GC frequently, and PIG3 may act
as a potential diagnostic marker in GC. Restoration
of PIG3 expression in GC cells suppressed cell
proliferation and induced cell apoptosis. We also
analyzed the down-stream genes of PIG3 by
expression array and we found the expression of
p53 was up-regulated. The level of protein P53 was
up-regulated after restoration of PIG3 expression.
The expression level of BAX and cleaved caspase-3
were increased, and caspase-3 was reduced after re-
expression of PIG3. PIG3 induced p53-meidated
apoptosis through regulating p53 stability. This study
indicated that expression of PIG3 reduced in GC
frequently. PIG3 induced p53-mediated apoptosis
through regulating p53 stability, which suggest that
PIG3 may be a potential therapeutic target for GC.
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Phytochelatins (PCs) found extensively in algae and plants are important for detoxification of heavy
metals from soil and wastewater, and their synthesis is mediated by an enzyme phytochelatin synthase
(PCS). In this study, a phylogram was generated to study evolutionary relationships of PCS from various
organisms. It was revealed that PCS from green algae and plants are orthologs as both have evolved
from a common ancestor. PCS from cyanobacteria appeared in two different clades showing that they
have followed different lineages during evolution. Structural modeling was also carried out by building
a 3D model of PCS from Chlorella variabilis using software Modeller v9.16. The predicted structure will
be helpful for protein engineering strategies and to understand its interactions with other proteins. The
biological biosorption capacity of Chlorella vulgaris (a green alga) was determined to remove Cd, Cu
and Pb from industrial effluents. The biosorption of three heavy metals from industrial waste water was
investigated under various conditions like pH, biomass concentration, contact time and temperature.
Bio-removal of heavy metals was carried out by exposing culture of C. vulgaris to water samples of
different heavy metal concentrations. The decrease in Cd, Cu and Pb quantities after 1 to 7 days of
incubation period were 83%, 84% and 82.5%, respectively. In view of this, Chlorella spp. could be used
on a large scale to detoxify heavy metals and clean up contaminated environments.

To the Editor,

Environmental contamination by heavy metals
is widely considered a serious issue due to its
toxicity (1). Biosorption is a simple process which
uses biological material for the removal of heavy
metals from water or water solution through the
metabolically-mediated physicochemical pathways
(2). The production of non-protein peptides is
induced in many organisms when they are exposed
to heavy metals with toxic levels. The peptides were

named as cadystins when they were first discovered
in  Schizosaccharomyces pombe (fission yeast)
(3). Later, these peptides were also found in the
suspension-cultured cells of Rauvolfia serpentine (4)
and called were phytochelatins (PCs). They play an
important role in tolerance to heavy metals through
complex formation with toxic heavy metals. PCs
have a general structure [(g-Glu-Cys)n-Gly (n > 2)]
and are involved in toxic heavy metal detoxification.
The synthesis of PCs is catalyzed by enzyme
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phytochelatin synthase (PCS) from glutathione
(GSH) and the enzyme is activated by various heavy
metals (5).

PCs are cysteine-rich peptides and have great
affinity for toxic heavy metals. In the current study,
Chlorella vulgaris (a green algae) was used as
biomaterial to remove heavy metals. Metals that have
been removed by adsorption on the cell surface can be
successfully recovered. The objectives of this study
included 3D structure prediction of phytochelatin
synthase (responsible for heavy metal detoxification)
and its phylogeny from various organisms, and to
examine the levels of heavy metals in water and to
assess the biosorption capability of C. vulgaris for
the removal of copper (Cu), lead (Pb) and cadmium
(Cd). Furthermore, the effects of temperature, pH
and contact time were also studied and optimized on
the biosorption capacity of C. vulgaris.

MATERIALS AND METHODS

Phylogenetic studies

The protein sequences of phytochelatin synthase/
glutathione gamma-glutamylcysteinyltransferase from
Chlorella variabilis (single-celled green alga) was
retrieved from GenPept database of NCBI and analyzed
using BLASTp (Basic Local Alignment Search Tool for
proteins) available on the NCBI website (http://www.ncbi.
nlm.nih.gov/). Along with phytochelatin synthase protein
sequences from two single-celled green algae (Chlorella
spp.), sixty-two of the most similar reported sequences
were also retrieved from GenPept for phylogenetic
systematics. All sequences were aligned using ClustalX
and imported into the MEGA7 program (6) for manual
alignment. Neighbor-Joining (NJ) phylogenetic tree was
constructed using MEGA7 with 100 bootstrap replicates.

Sequence retrieval to predict 3D structure

Phytochelatin synthase from Nostoc sp. PCC 7120 was
used as a template and its 3D structure was downloaded
from Protein Data Bank in PDB format (PDB ID:
2BTW) to construct a 3D model for Chlorella variabilis
phytochelatin synthase [GenPept: XP_005845668.1].

Model building by homology modeling
To predict 3D structure of phytochelatin synthase from
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C. variabilis, homology modeling was used as it is the
most suitable method for building protein models (7).
CPH Model Server was used to select template. Modeller
v9.16 was used for template and query alignments (8)
using align2d command, and output file in PIR format
was used for building ten models against the query. The
analyses for model evaluation and quality for all models
were made by ProSA-web Z-score, Qmean plot and
PROCHECK Ramachandran plot. Root Mean Squared
Deviation (RMSD) for superimposition of modeled
phytochelatin synthase with its template was calculated
using UCSF Chimera 1.10 workbench (9).

Algal culture

The starting culture of Chlorella vulgaris was collected
from the Fish Seed Hatchery, Satyana Road, Faisalabad,
Pakistan. Identification of C. vulgaris was carried out in
the Institute of Microbiology, University of Agriculture
Faisalabad, Pakistan. The identified algal cells were
cultured in Zarrouk’s medium in 2 L glass flasks. The
flasks were kept in daylight for 12 h at room temperature
(25£1°C). The pH was kept neutral (pH 7) with 0.01 m
solutions of HCI and NaOH. The growth of Chlorella was
observed as greening of culture. A loop-full of culture from
the flask was processed for microscopic examination.

Effluent samples

Waste water samples were collected in dark brown
glass bottles from industrial effluent plants of Faisalabad
city of Pakistan. These water samples were stored at 4°C
until analyzed. The samples were tested in triplicate to
check concentrations of heavy metals (i.e. Cu, Cd and Pb).

Biosorption

Algal metal bioremoval was carried out following
the method of Mane and Babu (10). The bioremoval
efficiency (R) of the microalgae was calculated using
following formula.

(Ci—Ce)

R (%) = 100

Where, R= Bioremoval efficiency (%)

C,= Initial concentration of metals in aqueous solution
(mg/L)

C, = equilibrium concentration of metals in aqueous
solution (mg/L)
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Analysis of metal ions

AVarianAA 1275 atomic absorption spectrophotometer
was used to determine the concentration of copper (Cu),
lead (Pb) and cadmimum (Cd) ions in the solutions.

RESULTS

Phylogenetic systematics

A comprehensive phylogram of phytochelatin
synthase was generated (Fig 1). The phylogram was
divided in four different monophyletic groups (i.e.
plants, green algae, cyanobacteria I and cyanobacteria
1) based on their evolutionary relationships. From
the phylogeny, it has been inferred that phytochelatin/
phytochelatin-like proteins found in other organisms
are closely related to those found in green algae. As can
be seen in Fig. 1, PCSs from green algae have strong
evolutionary relationships with those found in green
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plants as both clades have been evolved from a common
ancestor. Interestingly, phytochelatin proteins from
cyanobacteria did not appear as a single clade and divided
into two monophyletic groups which appeared below
the monophyletic group of green algae. Cyanobacteria
I and green algae have evolved from a single ancestor
which shows a strong evolutionary relationship between
both clades. The members of the monophyletic group
of cyanobacteria II appeared as distant relatives of
cyanobacteria I. Another interesting observation was the
inclusion of two different organisms (i.e. a brown alga
and annelid worm) in the phylogram. Both organisms
showed a strong evolutionary relationships with
cyanobacteria I, hypothesizing that the evolution of
phytochelatin protein took place in a related fashion in
these organisms. The protein sequence of phytochelatin
synthase from Bradyrhizobium liaoningense was used to
root the tree.

Pyrus betulifolia N
100 +— Malus domestica
5 Prunus avium

Sedum alfredii
Ipomoea pes-caprae
Actinidia chinensis

Populus euphratica
Kandelia candel
Theobroma cacao
Herrania umbratica
Corchorus capsularis
Duriozibethinus
66 — Gossypium barbadense

Musa acuminata
51 Zostera marina
Setaria italica
700 Zea mays

Sorghum bicolor

Paspalum vaginatum

55
K Athyrium yokoscense a

Fig. 1. Phylogenetic tree of phytochelatin synthase/glutathione gamma-glutamylcysteinyltransferase from green algae

and their homologues.
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Fig. 2. Predicted 3D structure of phytochelatin synthase from Chlorella variabilis and its evaluation. a) Comparison
of predicted 3D structure of PCS from C. variabilis (light grey) with template (black). Unaligned residue(s) in both
structures are labeled with 3 letter abbreviations along with their positions (T: Template, Q. Query, in parenthesis), (b)
z-score plot showing the quality of predicted model, (¢) Ramachandran plot analysis of the modeled structure.

Comparative modeling of phytochelatin synthase

No phytochelatin  synthase  gene/protein
sequence from Chlorella vulgaris has been
deposited in GenBank/GenPept to date. Therefore,
protein sequence of phytochelatin synthase (target
sequence) from Chlorella variabilis (of same
genus and hence close relative of C. vulgaris) was
retrieved from GenPept and used for homology
modeling. The modelled 3D structure (best model)
of phytochelatin synthase from C. variabilis, its
evaluation and superimposition with template are
shown in Fig. 2.

The z-DOPE (normalized Discrete Optimized
Protein Energy) of predicted model was found to be

-0.643. The score of GA341 was 1.000. The z-score
ofthepredicted structure was -5.67 thatis inthe range
of scores obtained for proteins with related sizes
(Fig. 2b). Ramachandran’s plot calculations using
ProCheck was used to evaluate the stereochemistry
of'backbone Psi and Phi dihedral angles. Percentage
of residues of phytochelatin synthase occupying
most favored regions (A,B,L) is 86.7% while 12%
occupies additional allowed regions (a,b,l,p), 1.3%
and 0% resides in generously allowed (~a,~b,~1,~p)
and disallowed regions, respectively (Fig. 2c). It
was ascertained on the basis of these results that
the predicted model is of good quality.

The predicted 3D model of phytochelatin
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synthase was also superimposed to its template to
compare both structures (Fig. 2a). Unaligned amino
acids in both structures have been labeled along
with their locations in their respective sequences.
There was 36.02% identity between target and
template with overall RMSD 0.355 A and Q-score
0.910.

Studies on effluent samples

The average concentration of studied metals
in water followed the decreasing order of Pb >
Cu > Cd. The average concentrations of Pb, Cu
and Cd in water were 0.64 mg/L, 0.517 mg/L and
0.092 mg/L, respectively, which were much higher
than the WHO standard for drinking water and
wastewater. In view of the toxicity reference values
presented by USEPA (1999), almost all heavy
metals, especially Cd, Cu and Pb, exceeded the
limits for safe water. It was shown that the polluted
water was contaminating groundwater and making
it unsuitable for drinking and cooking purposes.

Biosorption capacity of Chlorella vulgaris for heavy
metals

The efficiency of the biosorption using
green algae (Chlorella) is intensely affected by
physicochemical characteristics of the solutions
such as temperature, pH, contact time, biomass
concentration and presence of other metal ions. The
biosorption ability of C. vulgaris was studied under
various conditions.

(a)
@ 2 &0
é wcd cadmium
/ "y e
50 / 3 Lead
8 .
é + Copper
z % 7
. Z §.
i | . i
20 7 20
0 10
0 3 % 73 % 7. 0

30

Temperature

(b)

1195

Effect of pH
The uptake of Cd, Cu and Pb was examined at

pH values between 2 to 7 (Fig. 3a). Percent removal
of Cd was very low at pH 2.0, while at pH 3.0 it
became slightly low and then increased gradually
with increasing pH value up to 7.0. An optimum pH
of 5 for removal of Cd was found using Chlorella
as biosorbent. Similarly biosorption capacity for
Cu and Pb were examined and followed the same
pattern. Percent removals increased with increase in
pH, and optimum pH was found of 4 and 5 for Pb
and Cu, respectively.

Effect of temperature

The extent of Cd ion biosorption by C.
vulgaris was maximally achieved at 35°C (51%),
while a low cation intake was recorded at 20°C
(29%) and 40°C (34%). Similarly, the extent
of Cu ion sorption by C. vulgaris was found
maximum at 30°C (56%), whereas low cation
uptake was recorded at 20°C (27%) and 40°C
(44%). Likewise, the level of Pb ion sorption by
C. vulgaris was found maximum at 35°C (53%),
whereas low cation uptake was recorded at 20°C
(25%) and 40°C (47%) (Fig. 3b).

Effect of biosorbent (algae) concentration

The effect of biomass concentration on the
biosorption of Cd, Cu and Pb present in effluent
was undertaken with 20 g/L, 30 g/L and 40 g/L and
showed that the biosorption efficiency was highly

(c)

Removal Efficiency (%)
2 2 3 3 8
& & & w

wn
w

w
S

35 40 as 0 2 4 6 8
time (days)

Fig. 3. Biosorption efficiency of Chlorella vulgaris. Comparison of biosorption of heavy metals on (a) varying pH, (b)
temperature, (c) effect of biosorbent concentration on metal removal efficiency.
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Table 1. Biosorption capacity of Chlorella vulgaris against cadmium, lead and copper metals (mean+SD).

Incubation time (days) Concentration of Cd Concentration of Pb Concentration of Cu
(mg/L) (mg/L) (mg/L)
0 0.092+0.010 0.649+0.040 0.521+0.032
1/2 0.089+0.010 0.644+0.050 0.517+0.048
1 0.024+0.003 0.191+0.021 0.139+0.021
2 0.017+0.002 0.128+0.016 0.086+0.010
3 0.016+0.0012 0.123+0.013 0.085+0.011
4 0.017+0.001 0.124+0.015 0.084+0.010
5 0.017+0.002 0.124+0.010 0.084+0.014
6 0.017+0.001 0.124+0.012 0.084+0.010
7 0.017+0.001 0.124 £0.014 0.084 £0.013
Decrease in
concentration of metals 81.5 80.9 83.9
()

dependent on the increasing biomass concentration
in the incubation medium (Fig. 3c).

Effect of other metal ions on metal removal efficiency
The bioremoval efficiency of C. vulgaris for all
selected heavy metals from wastewater was compared
to that of single metal solutions of 5 mg/L. The
experiment was performed using synthetic single-
metal solutions of Cu**, Zn*", Cd*" and Ni** prepared
from chemical reactants of analytical grades:
CuSO,.5H,0, ZnSO,H,0, CdSO,.8/3H,0 and
NiSO,.7H,0, respectively. The removal efficiencies
for all selected heavy metals were reduced when
excess of metal ions other than removing metal was
present. Overall biosorption capacities of C. vulgaris
against Cd, Pb and Cu metals are shown in Table I.

DISCUSSION

PCs are important non-protein peptides that

detoxify heavy metals and are found in some
cyanobacteria, nematodes, fungi, eukaryotic
algae and taller plants. The synthesis of PCs
and homophytochelatins (hPCs) is mediated by
PCS which is also known as glutathione gamma-
glutamylcysteinyltransferase (EC: 2.3.2.15). The
enzyme is involved in detoxification of various heavy
metals such as Cd** and AsO,*. PCS encoding genes
have been isolated and cloned from fungi, plants
and nematodes (11). Algal cells which are capable
of producing higher levels of PCs could be helpful
to remove toxic heavy metals from wastewater.
Investigation of factors that affect the efficiency
of biosorption of heavy metals using biomass of
single cell green alga (Chlorella vulgaris) is of great
importance in terms of understanding the biosorption
process (12).

In conclusion, the phylogram generated in this
study exhibited that PCSs are closely related and
have evolved in a similar fashion in green algae
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and taller plants. The structural superimposition of
predicted 3D structure of PCS from Chlorella sp.
with that of Nostoc sp. showed 36.02% identity. The
predicted 3D structure of phytochelatin synthase
will be useful in docking studies that can be used
to find different substrates and products of this
enzyme. Biomass of C. vulgaris was used efficiently
for bioremoval of Cd, Cu and Pb. Within all tested
metals, the removal capacities for Cd, Cu and Pb
were highest (i.e. 83%, 84% and 82.5%, respectively)
at biosorbent concentrations of 20 g/L, pH 4 for Pb
and 5 for Cu and Cd and 30-35°C after seven days
of incubation. This information is of great interest to
industrial organizations, such as those of waste water
treatment, for technological enhancement.
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An alarming fact is that increasing numbers of cardiovascular disease (CVD) events occur more often
among elderly individuals without previous occurrence of CVD. There are numerous modifiable risk
factors such as dyslipidemia,-and inflammatory markers, as well as cardiovascular events risk charts, in
the identification and prevention of cardiovascular morbidity and mortality among elderly population.
Thus, the aim of this study was to analyze some CVD risk factors as well as international CVD risk
charts in independent community-living elderly persons in relation to their hs-CRP concentration in
serum. Of 516 elderly Caucasians, 50 were non-smoking, with no positive history of chronic or acute
diseases. The patients’ clinical, biochemical and CVD risk charts were recorded. The CRP values were
categorized according to the known cut-off points for stratification of cardiovascular risk: low risk
patients with hs-CRP of <1 mg/L (low hs-CRP), moderate risk with hs-CRP of 1-3 mg/L. (moderate hs-
CRP) and high risk with hs-CRP of >3 mg/L (high hs-CRP). The groups did not differ in terms of age,
anthropometric measures, fasting glucose, creatinine and uric acid concentration or analyzed CVD risk
scales. The relationship between hs-CRP levels and both lipid profile and arterial blood pressure are
linearly dependent (p<0.02). The negative correlation for the hs-CRP and fasting glucose and DIA were
found in low hs-CRP (r=-0.619; p<0.05 and r=-0.580; p<0.05 respectively) and for the hs-CRP and uric
acid (r=-0.850; p<0.05) in the moderate hs-CRP risk group. Thus, this study should greatly simplify
decision-making for clinicians around the world.

To the Editor,

Unfavorable age-related cardiovascular
risk profiles suggest the increasing burden of
cardiovascular disease (CVD) with age. Mortality
due to CVD among individuals over 65 years of
age is greater than 81% (1). The most alarming
fact is that an increasing number of CVD events
occur more often among elderly individuals without
previous occurrence of CVD compared to those

with previous CVD events. This indicates that the
identification of the usefulness of various modifiable
risk factors would be critical in the identification
and prevention of cardiovascular morbidity and
mortality among the elderly population. According
to the American Heart Association, the identification
of high-risk elderly patients should be performed
by using the Framingham risk score calculation (2).
Other recommended risk charts such as PROCAM,
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SCORE also indicate the greater CVD risk with age
(3, 4). However, the calculation of absolute CV risk
over a 10-year period is not adequate for people over
80 years of age.

The identification of elderly individuals with
dyslipidemia is essential for the prediction, primary
and secondary prevention, diagnosis, and prognosis
of cardiovascular diseases and, moreover, aging
itself increases the risk of cardiovascular events (5).
The experimental and clinical evidence suggests an
important role for inflammation in the initiation and
progression of atherosclerosis (6). The best studied
inflammatory marker in the development of CVD is
the high sensitivity C- reactive protein (hs-CRP). As
it is bound to low density lipoproteins and plays a
role in determining plaque stability, hs-CRP has been
suggested to have a causal role in CVD. The role
of inflammatory markers, in particular C-reactive
protein in conjunction with cardiovascular risk, has
been extensively studied in middle-aged people (7).
However, studies focused on the people are still
limited and the current study could be potentially
helpful in this regard. Therefore, the present study
has been undertaken, to evaluate the hypothesis that
hs-CRP could be used as an early cardiovascular
risk marker among elderly free-living individuals
without previous cardiovascular events.

MATERIALS AND METHODS

The study was approved by the local ethics group
in accordance with the Declaration of Helsinki of
1975 for Human Research and the study protocol
was approved by the Bioethics Committee of Poznan
University of Medical Sciences in Poznan, Poland
(Statements No 595/11). The subjects participating
in the study gave informed consent to the procedure.

Study subjects

Initially, 516 elderly Caucasians (aged 60 years
and over) with no confounding complaints, from the
Poznan metropolitan area (Western Poland) were
enrolled in the study. Non-smoking elderly persons,
using no medication, no special diet, no supplements
and no alcohol, without acute or chronic disease, were
studied. The exclusion criteria were: positive history

A. PLOCINICZAK ET AL.

of coronary artery disease (accompanied by current
steady state electrocardiography), stroke, diabetes,
neoplastic disease and inflammatory disease.
Additional biochemical exclusion criteria were:
decreased estimated Glomerlular Filtration Rate (less
than 60 ml/min) based on MDRD formula eGFR (ml/
min/1.73m2) = {186 x [creatinine] !> x [age] 2
x 0.742[for women] x 1.210 [for Afro-Americans]}.
Complete physical examination, including the
measurement of systolic (SBP) and diastolic (DBP)
arterial blood pressure with a validated OMRON
model M10-IT sphygmomanometer (Omron Health
Care, Kyoto, Japan), following the recommendations
of the European Society of Hypertension. Body mass
index (BMI=kg/m?) was derived from height and
weight measurements. Finally, 50 elderly persons
living independently in the community qualified for
the study.

Fasting blood was collected from the ulnar vein,
and was used to measure glucose, lipids and hs-CRP
concentrations in plasma samples without symptoms
of hemolysis. Glucose and lipid parameters,
including total cholesterol (TC), high density
lipoprotein cholesterol (HDL-C), and triacylglycerol
(TAG) concentrations, were evaluated by enzymatic
methods using bioMerieux reagent kit (Marcy-
I’Etoile, France) and an UV-160A Shimadzu
spectrophotometer (Shimadzu Co., Kyoto, Japan).
Low density lipoprotein cholesterol (LDL-C) was
calculated using the Friedewald formula for lipid
parameters expressed in mg/dL:

[LDL-C] =[T-C] — [HDL-C] — [TAG/5], if TAG <
400 mg/dL.

RANDOX Assayed Human Multi-Sera Level 1
(as normal) and RANDOX Assayed Human Multi-
Sera Level 2 (as pathological) (Randox, Crumlin,
United Kingdom) were used for monitoring the
accuracy of the determinations.

The creatinine and uric acid concentrations were
obtained from the Dimension Clinical Chemistry
System (Simens, Munich, Germany) with an
analytical sensitivity of 0.05 mg/dL and 0.1 mg/
dL, respectively. High sensitivity C-reactive
protein assay (hs-CRP) was evaluated by particle
enhanced turbidimetric immunoassay (PETIA). The
precision obtained for the lowest pool test 0.11 mg/
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dL corresponded to a total coefficient of variation
of 17.7% and a within-run coefficient of variation
of 13.8%. CRP values were categorized according
to the known cut-off points for stratification of
cardiovascular risk. Results of an hs-CRP allowed
classifying subjects for three categories: Low risk
patients with an hs-CRP concentration of <1 mg/L
(low hs-CRP), moderate risk persons with an hs-
CRP concentration of 1-3 mg/L (moderate hs-CRP)
and high risk persons with an hs-CRP concentration
of >3 mg/L (high hs-CRP). To evaluate the ten-year
risk of cardiovascular and coronary heart disease,
three risk scores were used: Framingham risk score
(3), Pol-SCORE chart (4) and PROCAM (5).

Statistical analysis
Statistical2.5 version for Windows was used
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for the statistical analysis. The normality of value
distribution was checked by the Shapiro-Wilk test.
To assess the significance of the differences between
the studied low, middle and high hs-CRP groups, the
Kruskal-Wallis test was used. The Spearman rank
correlation test was used to evaluate the strength of
association between the variables. A p-value <0.05
or lower was considered statistically significant. The
results are expressed as median and inter-quartile
range.

RESULTS

The characteristics of all independent community-
living elderly persons studied as well as the divided
female and male subgroups, are presented in Table
I. Elderly independent community-living females

Table 1. Clinical and biochemical characteristics of all independent community-living elderly persons studied.

All elderly
n=50
median
(interquartile range)

Elderly females
n=44
median
(interquartile range)

Elderly males
n=6
median
(interquartile range)

Age [years]

64.5 (62.0 — 68.0)

64.5 (62.0-68.0)

65.0 (61.0-67.0)

High [m]

1.64 (1.60-1.68)

1.64 (1.60-1.66)

1.74 (1.68-1.76)

Body mass [kg]

72.0 (66.0 — 77.0)

72.0 (65.8-77.0)

78.0 (75.0-95.0)

BMI [kg/m?]

26.8 (24.8-29.3)

26.8 (24.8-29.7)

27.4 (24.2-29.3)

SBP [mmHg]

135.0 (125.0-140.0)

134.5 (120.0-140.0)

143.0 (135.0-153.0)

DBP [mmHg]

82.0 (76.0-89.0)

80.0 (75.5-87.5)

86.5 (84.0-95.0)

Fasting glucose [mg/dL]

88.5 (84.0-95.0)

88.0 (83.5-95.0)

93.5 (89.0-98.0)

T-C [mg/dL]

205.0 (196.0-229.0)

205.0 (197.0-229.0)

198.5 (189.0-222.0)

TAG [mg/dL]

123.0 (79.0-149.0)

122.0 (77.0-148.5)

153.0 (122.0-168.0)

HDL-C [mg/dL]

63.5 (56.0-74.0)

63.0 (56.0-73.0)

65.0 (44.0-77.0)

LDL-C [mg/dL]

123.2 (100.0-141.6)

124.9 (100.0-142.5)

107.0 (98.6-122.4)

creatinine [mg/dL]

0.98 (0.83-1.12)

0.97 (0.82-1.08)

1.11 (1.00-1.12)

Uric acid [mg/dL]

4.4 (3.9-5.1)

4.4 (3.9-5.1)

4.4 (3.8-5.4)

hs-CRP [mg/L]

1.9 (0.9-2.9)

1.8 (0.9-3.0)

2.6 (2.3-5.8)

FRAMINGHAM [pts]

16.0 (14.0-18.0)

17.0 (15.0-18.5)

14.0 (14.0-16.0)

FRAMINGHAM [%] 5.0(3.0-8.0) 5.0 (3.0-6.0) 6.0 (4.0-8.0)
PROCAM [pts] 38.0 (33.0-45.0) 38.0 (33.0-45.0) 43.0 (38.0-46.0)
PROCAM [%] 5.0 (2.0-40.0) 5.0 (2.0-20.0) 5.0 (2.0-40.0)
POL-SCORE [pts] 5.0 (3.0 -10.0) 5.0 (3.0-7.0) 10.0 (6.0-17.0)
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Table II. The clinical and biochemical characteristics of low-hs-CRP, middle-hs-CRP and high-hs-CRP
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elderly independent community-living persons.

Elderly with
low hs-CRP
n=16
median
(interquartile range)

Elderly with moderate hs-
CRP
n=25
median
(interquartile range)

Elderly with
high hs-CRP
n=9
median
(interquartile range)

Age [years]

65.5 (61.5 —71.5)

63.0 (62.0-67.0)

65.0 (62.0-67.0)

High [m]

1.63 (1.59-1.64)

1.65 (1.62-1.70)

1.65 (1.60-1.66)

Body mass [kg]

70.0 (65.5 — 79.0)

72.0 (66.0-78.0)

74.0 (65.5-75.0)

BMI [kg/m?]

27.1 (24.4-30.3)

26.8 (24.9-29.3)

26.4 (25.0-27.3)

SBP [mmHg]

130.5 (123.0-140.0)

132.0 (120.0-138.0)

140.0 (135.0-140.0)

DBP [mmHg]

80.0 (77.5-90.0)

80.0 (74.0-85.0)

85.0 (85.0-90.0)

Fasting glucose [mg/dL]

88.5 (81.0-95.0)

88.0 (83.0-92.0)

95.0 (88.0-97.0)

T-C [mg/dL]

191.5 (172.0-226.5)

207.0 (199.0-245.0)

207.0 (200.0-220.0)

TAG [mg/dL]

102.0 (79.0-129.5)

135.0 (75.0-152.0)

138.0 (122.0-159.0)

HDL-C [mg/dL]

64.5 (58.5-78.0)

65.0 (56.0-71.0)

58.0 (45.0-62.0)

LDL-C [mg/dL]

100.0 (73.0-133.9)

125.8 (109.2-142.4)

126.4 (109.6-139.6)

Creatinine [mg/dL]

1.03 (0.87-1.11)

0.95 (0.82-1.02)

1.02 (0.99-1.09)

Uric acid [mg/dL] 4.1 (3.8-5.1) 4.4 (3.9-5.1) 4.8 (3.8-5.5)
hs-CRP [mg/L] 0.8 (0.6-0.9) 2.1 (1.6-2.7) 4.5 (3.9-5.8)
FRAMINGHAM [pts] 17.0 (15.5-18.0) 15.0 (14.0-18.0) 17.0 (17.0-19.0)
FRAMINGHAM [%] 5.0 (3.5-6.0) 4.0 (2.0-8.0) 6.0 (5.0-14.0)
PROCAM [pts] 33.5 (29.5-43.0) 42.0 (33.0-45.0) 38.0 (37.0-46.0)
PROCAM [%] 5.0 (2.0-10.0) 5.0 (2.0-20.0) 5.0 (2.0-20.0)
POL-SCORE [pts] 6.5 (3.0 -8.5) 5.0 (3.0-10.0) 5.0 (5.0-6.0)

had lower hs-CRP (p<0.01) in comparison with
the elderly independent community-living males
studied. They did not differ in other CVD risk
parameters (lipid profile, fasting glucose, creatinine
and uric acid concentration) and CVD risk scales
(FRAMINGHAM, PROCAM and Pol-SCORE). The
characteristics of low-hs-CRP, moderate-hs-CRP and
high-hs-CRP groups are presented in Table II. By
definition, they differ in hs-CRP concentration. The
groups did not differ in terms of age, anthropometric
measures, BMI, fasting glucose, creatinine and uric
acid concentrations, or analyzed CVD risk scales.
We found higher systolic blood pressure in different
hs-CRP groups — these gradually increased from the

lowest to the highest risk group (p<0.02). Moreover,
the low hs-CRP group had the lowest total cholesterol
concentration. (p<0.02).

Correlation analysis considering hs-CRP and other
parameters, for all hs-CRP groups, was performed.
In all independent community-living elderly persons
studied, moderate positive correlation was found
between the hs-CRP and total cholesterol (r= 0.335;
p<0.05), as well as in LDL-C (r= 0.318; p<0.05).
A moderate positive correlation was also observed
between the hs-CRP and PROCAM scale (r=0.307;
p<0.05). In investigating the three hs-CRP groups,
negative correlation for the hs-CRP and fasting
glucose and DBP were found in the low hs-CRP risk
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group (r= - 0.619; p<0.05 and r= -0.580; p<0.05,
respectively) and negative correlation for hs-CRP
and uric acid (r=-0.850; p<0.05) in the moderate hs-
CRP risk group.

DISCUSSION

Meysamie and colleagues showed that females
had higher CRP in comparison with males but the
difference was not significant except for a subset of
obese participants (with BMI>30) (8). Our male/
female groups studied had comparable CVD risk
factors and scales as well as BMI without obesity;
however, the present study showed higher hs-CRP
concentrations in men than in women. This is in
agreement with the Seo et al. study (9).

Nutritional and metabolic status as well as
water balance has an influence on men’s health
(10). The present analyses provide strong support
for the use of hs-CRP in older adults without
previous cardiovascular events. In this independent
community-living healthy elderly population,
we found that the relationship between hs-CRP
levels and lipid profile is linearly dependent. This
is in agreement with the study of Pirro et al., who
showed that low density lipoprotein cholesterol
was positively associated with hs-CRP levels (11)
in elderly patients, however, they only studied those
with hs-CRP concentration higher than 2 mg/L.
Moreover, hs-CRP, low DBP and smoking were
found to be predictors for coronary spasm, whereas
age, diabetes mellitus, high SBP and uric acid were
found to be predictors for atherosclerosis (12). In
the present work, we studied a group of independent
community-living elderly persons, non-smoking,
with no diabetes and we found interactions between
the hs-CRP and uric acid in the moderate hs-CRP
group and for the hs-CRP and fasting glucose and
DBP in the low hs-CRP risk group.

In conclusion, hs-CRP adds important
information for primary cardiovascular prevention,
and we suggest its application in evaluating
independently-living healthy elderly populations
at very early risk of CVD in this age group. These
findings may help to greatly simplify decision-
making for clinicians.
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CHANGES IN ELECTROLYTES AND URIC ACID EXCRETION DURING AND
AFTER A 100 KM RUN
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Physical activity leads to changes in water and electrolyte homeostasis and to enhanced purine
metabolism. The typical abnormalities observed after exercise are hyperkaliemia, hyper- or hyponatremia
and hyperuricemia. The possible explanations of hyperuricemia are: increased metabolism and decreased
elimination of uric acid. Changes in uric acid excretion are commonly observed in disturbances of
sodium and water homeostasis. The aim of this study was to evaluate changes in electrolytes and uric
acid excretion during a very long period of exercise. Twenty subjects with a mean age of 40.75+7.15 years
took part in a 100 km run. The route of the run was based on the university stadium track. All subjects
were experienced amateur runners, with a mean time of regular running of 6.11+7.19 years. Blood
was collected before the start, after every 25 km and 12 hours after the run. The levels of electrolytes,
creatinine, uric acid, cortisol, aldosterone, creatine kinase, C-reactive protein and interleukin-6 were
measured. Creatinine clearance, urinary potassium-to-sodium ratio, fractional excretion of electrolytes
and uric acid were calculated. Seventeen runners completed the study. Significant increases in sodium
(from 141.65+1.90 to 144.29+3.65mmol/l), potassium (from 4.53+0.34 to 5.03+0.42mmol/l), creatinine
(from 0.88+0.11 to 1.10+0.20mg/dl) and uric acid (from 5.15+0.87 to 5.94+1.50 mg/dl) were observed
after 100 km (p < 0.05). Other significant changes during the study were noted in fractional excretions
of sodium (from 0.86+0.29 to 0.33+0.13%) and potassium (from 6.66+2.79 to 18.90+10.01%), probably
reflecting the decrease in renal blood flow (RBF) and increase in renal tubule reabsorption. The
fractional excretion of uric acid slightly increased but without statistical significance from 5.34+1.51 to
6.09+2.34%. The results of our study showed that during very long but not very intensive exercise there
is no change in uric acid excretion, although at the same time profound changes in electrolyte excretion
are found. Both hyperuricemia and hyperuricosuria may be harmful, therefore it seems logical that the
best way to avoid those abnormalities is to maintain fractional uric acid excretion.

Key words: uric acid, sodium, physical activity
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To the Editor,

The maintenance of water and electrolyte
homeostasis is a priority for the human body during
a long period of exercise (1, 2). The increased
sweating and evaporation during exercise can
lead to fluid loss (1). During long-lasting exercise
athletes drink various fluids to avoid dehydration;
inexperienced runners, who are assumed to drink
too much, are at risk of overhydration (2). The
normal physiological reaction during exercise
is the activation of adrenergic, vasopressin and
renin-angiotensin-aldosterone (RAA) systems (2).
The levels of norepinephrine, co-peptin, cortisol
and aldosterone (2) are increased after a marathon
and other physical activities. During exercise the
renal blood flow (RBF) is decreased and proximal
tubule reabsorption is increased (3). In the case of
severe dehydration, the decrease in the glomerular
filtration rate (GFR) may be significant (3).

All these factors are responsible for clinical
and biochemical complications observed after
a marathon run (2, 4). Heart arrest, acute kidney

failure  requiring  dialysis, rhabdomyolysis
and seizures are rarely observed after
marathons and other exhausting events (4).

The typical biochemical abnormalities observed
after exercise are hyperkaliemia, hypernatremia,
an increase in creatinine, uric acid (UA), urea,
creatine kinase (CK), C-reactive protein (CRP)
levels as well as many others (2, 4). The increase
in the level of uric acid, a waste product of purine
metabolism, is observed after almost every type
of exercise (5). The possible explanations for
hyperuricemia are increased metabolism and
decreased elimination of uric acid (6). Changes
in UA levels are also frequently observed in
disturbances of water homeostasis. Hyperuricemia
is typical in dehydration caused by diuretics
(7, 8); hypouricemia and hyponatremia are two
typical findings in the syndrome of inappropriate
antidiuretic hormone (ADH) secretion (9) and salt
losing nephropathy(10).

The authors of the present paper suspected that
during very long exercise changes in the fractional
excretion of sodium, potassium and uric acid would
be observed.

W. WOLYNIEC ET AL.

MATERIALS AND METHODS

Twenty male participants took part in the study.

All subjects were experienced healthy amateur
runners, without kidney disease, diabetes, metabolic or
cardiovascular disorders. The mean age was 40.75+7.15
years. The participants had a valid medical certificate and
no contraindications against active sport exercise. None
had a previous history of a sports career. There were no
diet restrictions. The runners were not taking any drugs
except supplementation of vitamin D. The participants
were asked to fill in a questionnaire concerning their
training, including daily physical activity and marathon
experience. Anthropometric analysis was performed
before and after the marathon. Laboratory analysis was
performed before, during and after the run in accordance

with the schedule.

Anthropometric analysis

The 100 km run was preceded by an anthropometric
analysis to estimate the following parameters: weight,
height, body mass index (BMI), waist-hip ratio (WHR)
and percentage body fat (PBF). Blood pressure and heart
rate were measured before the run and during rest.

Run

The route of the run was based on the university
stadium track (400 m track circumference). During the
race the organizer provided stations offering food and
beverages such as sports drinks, tea, soup, caffeinated
drinks, water, fruits like bananas and oranges, chocolate,
energy bars and bread. The food and drink stations were
readily available and accessible along the route. The
runners were informed to drink enough to urinate every
25 km. The temperature during the run rose from 1°C (7
am) to 4°C (1-4 pm) and then dropped to 3°C at the end
of the study (4-7 pm). The relative humidity dropped from
100% (7 am) to 93% (1-4 pm) and then rose to 100% (4-7
pm). Barometric pressure ranged from 1009 hPa (7 am) to
1000 hPa (7pm).

Samples

The first biochemical assessment took place one day
before the study. Blood and urine samples were taken
before the run and urine collection was started. During
the study, 6 urine collections were performed. The first
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urine collection was performed before the start and then
after each 25 km. After the run, the subjects’ urine was
collected during a 12-hour period. Blood was collected
before the start, after every 25 km (a sample after 25, 50,
75, 100 km) and 12 h after the run. Venous blood samples
were drawn from the antecubital vein in a sitting position.
Each venous blood sample was collected in an SST gel
separator tube (BD Vacutainer). Serum was separated by
centrifuging samples at 1000 G for 10 min. All samples
were stored at -80°C until analysis.

Laboratory analysis

Sodium and potassium were measured in serum
and urine by potentiometry (Cobas 8000 Roche, Roche
Diagnostics GmbHMannheim). Creatinine was measured
in serum and urine by kinetic colorimetric assay (Cobas
8000 Roche, Roche Diagnostics GmbHMannheim).
Uric acid was measured in serum and urine by
spectrophotometry assay (Cobas 8000 Roche, Roche
Diagnostics GmbHMannheim). Serum glucose was
measured by spectrophotometry (Cobas 8000 Roche,
Roche Diagnostics GmbHMannheim). ESR was measured
by the Alifax Test 1 THL system. Hemoglobin was
measured by spectrophotometry (the SLS-hemoglobin
method). Erythrocytes and platelets were measured by
the DC detection method (Sysmex XN2000). Leucocytes,
neutrocytes, lymphocytes, monocytes, eosinophils and
basophils were measured by flow cytometry (Sysmex
XN 2000). Mean corpuscular volume was calculated
automatically by the Sysmex XN 2000 analyzer. All
reagents used in the Sysmex XN 2000 analyzer were
manufactured by Sysmex. Measurement of creatine
kinase was performed by spectrophotometric methods,
and C-reactive protein (CRP) by turbidimetry methods
with a Cobas Integra 400 Roche biochemical analyser
(Switzerland), using the original manufacturer reagent
kits. Urinalysis was performed with the Cobas U411
analyzer (Roche Diagnostics GmbH Mannheim) by using
a test strip for the semi-quantitative determination of
specific gravity, pH, leucocytes, nitrite, protein, glucose,
ketone bodies, urobilinogen, bilirubin and blood (Combur
10 Test M, Roche Diagnostics GmbHMannheim).

Cortisol and aldosterone concentrations were
measured by the ELISA method using DRG Diagnostics
kits (Germany). The interleukin-6 serum concentration
was measured by the ELISA method using R&D Systems
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kit (USA).

Creatinine clearance (CICr) was calculated from blood
and urine collections using the formula:

CICr = (uCr x urine flow) + sCr

where sCr is serum creatinine and uCr is urine
creatinine

Fractional excretion (Fe) of sodium, potassium, urea
and uric acid during the race was calculated using the

formula:

Fractional excretion of parameter =
[(parameter in urine X creatinine in serum) +
(parameter in serum X creatinine in urine)]
Urinary potassium-to-sodium ratio (Na/K
ratio) = sodium in wurine + potassium in urine

Statistical analysis

The authors used Statistica 12 software (StatSoft,
Poland) for analysis. Descriptive statistics for continuous
variables were reported as mean values and standard
deviations. The Shapiro-Wilk test was applied to
assess the homogeneity of dispersion from the normal
distribution. The Levene test was used to verify
homogeneity of variance. For homogeneous results, an
analysis of variance (ANOVA) for repeated measures and
the post hoc Tukey’s honest significant difference (HSD)
test for equal sample size were performed to identify
significantly different results. For heterogeneous results,
the Friedman’s ANOVA test and right post hoc test were
used. In all analyses, a p-value < 0.05 was considered
statistically significant.

The authors declare that the experiments reported in
the manuscript were performed in accordance with the
ethical standards of the Helsinki Declaration. The study
was approved by the Medical Ethics Committee of the
Medical University of Gdansk (approval nr NK§BN
448/2016). All subjects gave their written informed
consent to participate in the study.

RESULTS

All the runners studied were very experienced. The
mean time of regular running was 6.11+7.19 years, and
the average training distance in the 3 months preceding
the study was 225.38+98.33 km/month. The mean
number of marathons completed was 43.89+110.11 and
the mean marathon personal best time was 3:24+0:22
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(h:min) The mean number of ultramarathons completed
was 15.06+13.54. All subjects were healthy and there
were no abnormalities in biochemical tests performed
before the study.

In the pre-run evaluation, the mean ESR was
3.42+2.81 mm/h; mean creatinine 0.84+0.08 mg/dl;
mean glucose 87.67+11.1mg/dl, mean hemoglobin
15.46+ 0.9 g/dl, mean erythrocytes 5.224+0.4 T/l; mean
white blood cells 6.5+1.16 G/I, and mean platelets
250.58+39.43 G/I. In urinalysis, the mean special
gravity was 1.015+1.007, and the mean pH 6.17+1.03.
No runner had glucosuria, proteinuria or hematuria.

Seventeen runners completed the study. Three
others were unable to complete the competition within
14 hours and their results were not included in the
statistical analysis. The mean run rate was 6:47 min/
km. The first runner completed 100 km after 9 h 52
min, and the last subject finished the race after 13 h 34
min. These results are typical of amateur ultramarathon
runners who are used to slow, long running.

The mean age of the finishers was 40.18+4.57
years, the mean height and weight were 178.59+6.21
cm and 77.47+8.80kg, respectively. The mean BMI
was 24.26+2.28 kg/m? the mean percentage body
fat was 13.56+£5.80% and the mean waist-hip ratio
0.81£0.06. The mean pre-race blood pressure was
136.12+10.62/82.12+7.92 mmHg
66.41+8.69 beats per minute (bpm). The mean post-

and heart rate

race systolic blood pressure was 129.94+11.09 mmHg
and diastolic blood pressure 75.56+8,12 mmHg;
the mean post-race heart rate was 71.81+£8.29 bpm.
Significant increase in sodium, potassium, creatinine
and uric acid levels was observed after 100 km (p
< 0.05) (Table I). There were no severe cases of
hypernatremia and hyperkalemia, although in 6
subjects mild hypernatremia (Na > 145 mmol/I)
and in 11 subjects mild hyperkaliemia (K > 5.1
mmol/l) were observed at least at one point during
the study. None of the subjects had hyponatremia
(Na < 135 mmol/l) and hypokaliemia (K < 3.5
mmol/l). Sodium and potassium levels returned to
normal values during the rest period. The sodium
level was lower after 12 h than before the run (p <
0.05). Significant changes were noted in fractional
sodium excretion (FeNa), fractional potassium
excretion (FeK), and urine Na/K ratio (Table I).

W. WOLYNIEC ET AL.

There were no cases of severe dehydration or
overhydration on a clinical basis. There were no
significant changes in hematocrit. The urine output
was unchanged, probably because the runners
were instructed to drink adequately. The creatinine
clearance calculated from urine collections was
stable, and did not significantly decrease during
the run (Table I).

The FeUA was surprisingly stable during the
run. This suggests increased purine metabolism
without changes in urate transport in tubules
during exercise. A typical increase in muscle
enzyme (creatine kinase), myokin (interleukin 6)
and acute phase protein (CRP) was noted, as well
as a significant increase in cortisol and aldosterone.
All these changes were significant (p<0.05) (Table

0.
DISCUSSION

The interesting finding of this study is that
during very long exercise there were no changes
in fractional UA excretion, although at the same
time profound changes in electrolyte excretion
were found. This is surprising, because there is a
strong correlation between water and electrolyte
homeostasis and the uric acid level in clinical
practice (6, 7). In one previous human study, a
significant decrease in FeUA was found after
short intensive exercise (11), probably due
to sodium and water depletion and renin—
angiotensin system (RAS) activation (7). There is a
link between apical tubular reabsorption of Na and
UA in proximal tubule due to synergistic action of
two exchangers - SCL5AS, which reabsorbs Na,
and URAT 1, which reabsorbs UA (12). During
exercise a decrease in the renal plasma flow and
an increase in tubule reabsorption is observed (3).
Water and sodium are vastly reabsorbed during
exercise in proximal tubule (3).

Nevertheless, in the present study there was
no change in FeUA. The FeUA was surprisingly
stable during the run. Otherwise profound changes
in FeNa, FeK and urine Na/K ratio appeared as
early as after the first 25 km, then remained stable
and were still observed after a 12-hour rest.
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Table 1. Changes in parameters of kidney function, hematocrit, electrolytes, CK, IL-6, CRP, cortisol and aldosterone
levels during the run.

Before run | After 25 | After 50 | After 75 | After 100 | Rest
km km km km

Na 141.65 144.24 143.83 144.29 142.59 139.47
(mEq/1) +1.90%*% | +1.86% | +2.33" +3.65° +2.29 +1.62
K 4.53 5.01 5.04 5.03 4.65 432
(mEq/1) +0.34%% | £047% | £0.38" +0.42° +0.39 +(.38
FeNa 0.86 0.67 0.63 0.60 0.54 0.33
(%) +0.29% +0.37 +0.44 +0.51 +0.4 +0.13%
FeK 6.66 14.31 16.33 17.13 18.90 10.68
(%) +2.79%¥ | 4551 +7.49% 49,14 +10.01% | 41"
uNa/K 443 + 1.31 0.96 1.01 1.05 1.21
ratio 1665 | 1041 +0.36" +0.5% +0.65" +0.59"
Creatinine | 0.88 0.97 1.00 1.07 1.10 0.97
(mg/dl) +0.11% | +0.11 +0.14 +0.167% | £0.20* +0.12
CrCl 141.81 136.93 144.04 120.33 137.78 150.50
(ml/min) +25.08 | +£4755 | +£2820 |+38.83 +41.04 +43.33
Uricacid | 5.15+¢ 5.32 5.62 5.82 5.94 6.09
(mg/dl) 0.87¥% 1 +0.96% | +1.19 +1.37° +1.50* +1.43"
FeUA 5.34 6.05 5.67 6.01 6.09 5.63
(%) +1.51 +1.71 +2.1 +2.28 +2.34 +1.66
Hematocrit | 46,83 47,02 46,11 45,5 45,41 43,33
(%) +2.18 +2.17 +2.35 +2.48 +2,19 +2,55
CK 175.06 290.59 662.77 2863.88 | 9330.59 8382.94
(U +103.73%* | £175.56 | +409.87 | £2649.16 | £10290.57% | +7551.43%
Interleukin | 0.98 6.31 n.d. n.d. 22.41 8.64
6 (pg/ml) | £0.34* | +2.68%* +1.95%* | 15.76%"
CRP 0.55 0.43 0.49 1.32 521 44.26
(mg/) +0.33% +0.24 +0.28 +0.94 +3.92 +34.34%
Cortisol 599.71 480.94 727.59 829.18 977.88 356.23
(nmol/l) +81.71%% | £142.72% | £143.29% | £178.71% | £311.26°* | £119.47*
Aldosterone | 214.01 236.5 485.83 265.82
(pg/ml) +120.97% | +124.12% | n.d. n.d. +261.7%% | £117.63°

&t yalues with the same superscript differ significantly, at p < 0.05. Abbreviations.: FeNa: fractional sodium excretion;
FeK: fractional potassium excretion, uNa/K: urine sodium-to-potassium ratio; CrCl: creatinine clearance; FeUA:
fractional uric acid excretion; CK: creatine kinase; CRP: C-reactive protein; n.d.: not done.
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The explanation of UA increase observed in our
study is enhanced metabolism due to acceleration
of adenine nucleotide degradation (11). It is
known that humans have higher UA levels than
other mammals and cannot metabolize UA due
to the loss of uricase activity (6, 7). In such a
situation, a further increase in serum UA caused
by decreased UA excretion could be dangerous and
harmful for the organism, especially for severely
dehydrated persons with mild acidosis (e.g. during
ultramarathons). Therefore, it seems logical that
humans should somehow protect themselves
against rapid UA increases during exercise. The
possible factor increasing UA excretion during
exercise is inhibition of UA reabsorption by
organic anions such as lactate and acetoacetate
(6). Another possible explanation is increase of
vasopressin, which has the opposite effect on UA
reabsorption to aldosterone (9).
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Cross culture communication has become an integral part of today’s world, especially in developed
countries with a large population of immigrants. The health care system is one of the important areas
in which health care practitioners and patients may be of different cultures, therefore there is a need
of effective communication between culturally different patients and health practitioners. However,
cross-culture communication is affected by psychological factors related to cultures and mind-set.
Acculturation orientation is one of the important factors, and people with different orientations interact
differently with people of different cultures. Cultural orientation is another important factor is which
different domains define the characteristic features of different cultures. Moreover, the inclination to use
native or non-native language with culturally different patients is a key factor for establishing a good

relationship between patients and health care practitioners.

To the Editor,

Culture is defined as group of people with similar
values and beliefs. The people with same culture may
share the same country, religion and socioeconomic
status (1). Cross culture refers to a state in which
persons of different cultures interact with one another.
In this world of globalization, the importance of cross-
cultural communication has increased in virtually
every field, including the health care system. The
lack of proper communication between patients and
health practitioners may impair the quality of health
care, particularly in countries with a large population
of immigrants. Health practitioners may exhibit less
empathy to immigrant patients, mainly due to cross-
cultural communication barrier (2, 3). The quality
of communication between culturally different
patients and physicians is generally poor (4), which
may lead to disparities in health care services. Some
training models have been devised for enhancing

communication skills, while interacting with
persons of different cultural backgrounds. One such
model is LEARN, which stands for Listen, Explain,
Acknowledge, Recommend and Negotiate (5).
Cross-cultural communication is affected by
psychology and there are psychological factors that
may affect the communication between individuals
of different cultures. These may include cultural
orientation of people (1) and mind-set of persons
i.e., they want to preserve their cultural identity
or they tend to interact with people of other
cultures (6). The present review discusses the key
psychological factors that may influence the effective
communication between culturally different people,

especially in the health care system.

Acculturation orientations
The cultural change due to migration of people
is called ‘acculturation’ and is defined as the change
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in the cultural pattern due to continuous interaction
between individuals of different cultures (7). In
these situations, either the people tend to maintain
their cultural identity (cultural conservatism) or
tend to make relations awith the others (interaction
tendency). Accordingly, it has been shown that there
may be four types of acculturation orientation

In ‘integration orientation’ there is a high tendency
of interaction between individuals of two different
cultural groups. Indeed, the people of different
cultures interact freely with one another and it may
lead to development of a mixed culture incorporating
the characteristics of different cultures (8).

‘Separation orientation’ is the opposite of
integration orientation and there is very low
interaction between different cultural groups.
Therefore, it is a type of cultural conservatism in
which people maintain their cultural identity, without
mixing with other cultures.

In ‘assimilation orientation’ there is good
interaction between individuals of different cultures.
The immigrants tend to assimilate the cultural
characteristics of the host country (9).

In ‘marginalisation orientation’ there is relatively
less interaction between individuals of different
cultures (8).

One study showed the impact of acculturation
orientations on communication and relationship
between health practitioners and patients. Canada
is a multicultural country and has large population
of immigrants. It was proposed that the immigrant
population may constitute 1/4 of the total Canadian
population by 2031 (10). A research study showed
the impact of acculturation orientations on
communication between health practitioners and
patients in Canada-based hospitals. The study
included 5 health practitioners and 5 patients (total
ten participants), and data were collected using video
recordings and by conducting interviews. In the
study, a questionnaire was used to father information
on acculturation orientation of physicians and
patients. Later, the interactions between physicians
and patients were recorded to understand the quality
of health practitioners-patient communication. It
was reported that the nature of communication
between culturally different physicians and patients

X.XUET AL.

was dependent on their combined acculturation
orientations. The patients with integration orientation
and health practitioners with any of the four attitudes
led to development of positive communication.
Furthermore, a relationship  was
developed between patients and health practitioners
with the same acculturation orientation. However,
patients and health practitioners with mismatched
acculturation orientation led to development of
conflicts (6).

Cultural
Theory)

There is a key role of cultural orientation in
determining the quality of communication between
culturally different people. Hofstede proposed a
‘Cultural Dimensions Theory’, which is widely used
as a theoretical model in research pertaining to cross-
cultures. In this theory, there are different ‘domains’,
or ‘dimensions’ that define the characteristic features
related to values and beliefs of that particular culture.
Indeed, Hofstede proposed this theory to differentiate
the cultural differences of diverse nations on the
basis of differences in these domains or dimensions
(11). Due to these cultural dimensions, there may
be communication preferences between patients and
health practitioners. In general, there are two types
of behaviors in interaction between patients and
health practitioners i.e., instrumental and affective.
Instrumental behavior is a defined ‘behavior of a
health practitioner towards patient’ with set guidelines
such as asking questions and counseling. This type of
behavior is focused on a given task and orientation of
a health practitioner is towards the therapy i.e., is the
therapy working or not? On the other hand, affective
behavior is more patient-oriented and includes socio-
economical talks with patients. The different types
of cultural orientations and their impact on physician
behavior are discussed below.

Power distance is related to the extent to which a
weaker section of the society considers that there is no
equal distribution of power. The Power Distance Index
(PDI) is usually employed to designate the power
differences in society. In lower PDI cultural society,
there is a decentralized authority and a relatively
equality in power. On the other hand, in a high PDI
cultural society, there is a centralized authority and

consensual

orientation (Cultural Dimensions
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there is a wide gap in power in different segments
of the society. Health practitioners from high PDI
countries show more instrumental behavior (11).

‘Uncertainty avoidance’ is related to the extent
to which society members feel insecure in uncertain
situations. This dimension relates to the degree
to which individuals of a society are tolerant or
comfortable with uncertain or unknown situations.
The societies with high uncertainty avoidance are
dependent on the formalized policies and procedures
and these are resistant to any change. The people
in this type of culture do not mix with one another.
On the other hand, societies with low uncertainty
avoidance mainly rely on the informal norms and
behaviors in most matters. The people of this society
are interactive and the health practitioners from
these countries show more affective behavior than
instrumental behaviors.

‘Masculinity-femininity’ is related to the extent to
which values are masculine or feminine. In masculine
societies, there is a clear distinction between gender
specific roles. On the other hand, there is an overlap
of gender specific roles in feminine societies. The
health practitioners from more masculine countries
show more affective behaviors.

‘Individualism-collectivism’ is used to define
the relationship between the members of society.
In individualistic societies, there are loose ties or
relationships between individuals. On the other
hand, there are strong, integrated and cohesive
relationships between individuals in collectivist
societies. The health practitioners from these
countries exhibit more affective behavior and less
instrumental behaviors.

Long-term orientation defines the orientation of
people living in a given society i.e., long or short-term
orientation. In a long-term oriented society, people
value persistence. On the other hand, in a short-term
oriented society, people value personal steadiness and
stability.

A recent study on pharmacists conducted in Doha
Qatar University revealed the impact of cultural
orientation on the nature of behavior. It was shown that
the health care practitioners with cultural orientations
of power distance and masculinity-femininity
demonstrate poor instrumental and mixed affective
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behavior towards patients, suggesting the key role of
cultural orientations on communication (1).

Inclination to use native language

A recent study from Vienna, Austria reported
the importance of language in cross-cultural
communication in the health care system. The authors
suggested the need of specific language-related
training programs to overcome the communication
block between patients and health care practitioners
(12). Indeed, it is a common feature that the health
care practitioners prefer to use their first language to
instruct the patients. On the other hand, due to culture
diversity, they may have to use non-native language
to communicate with patients. In one study, 179
nurses gave their feedback about their preparedness
for cross-cultural communication and skillfulness
by filling in questionnaires. These health care
practitioners reported that they feel less confident
when communicating in non-native language with
patients. They also reported that communication
skills training programs may produce better outcomes
and overcome the communication block (12).

CONCLUSION

Cross-culture communication in the health care
system is affected by acculturation orientations in
which either the persons are inclined to conserve their
culture and do not interact frequently or the persons
have the tendency to interact frequently with culturally
different people. Moreover, the cultural orientation of
people and inclination to use native language are the
psychological factors that may affect communication
between culturally different people.
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Commenton: Omar NN, et al. Tumor potential in rat wounds after short- and long-term administration
of platelet-rich plasma. J Biol Regul Homeost Agents. 2017 Oct-Dec;31(4):889-899. Platelet-Rich
Plasma (PRP) is a promising concentrate. But are there any disadvantages or contraindications
regarding its application? Is the use of PRP indicated in wounds of patients undergoing resection for
cancer. The presence of growth factors could promote tumor proliferation and recurrence. It is of the
utmost importance to recognize any possible contraindication before we call it safe. The role of PRP
in tumorigenicity deserves further experimental investigation and large-scale prospective randomized

clinical trials.

To the Editor,

We read with great interest the article by Omar et
al. (1) entitled “Tumor potential in rat wounds after
short- and long-term administration of platelet-rich
plasma”. We agree that platelet-rich plasma (PRP)
has been recognized as an effective strategy for
tissue regeneration, however, its safety in healing, in
terms of tumorigenicity, has not yet been addressed.

The Authors examined the impact of PRP
administration on the expression of the inflammatory
marker tenascin-C (TnC) and the myofibroblast
markers, a-smooth muscle actin (a-SMA) and
vimentin. They concluded that PRP can be safely
used in short- and long-term administration without
tumorigenesis concern.

But is this enough in order to consider PRP as

a potentially harmless concentrate that could be
applied in any wound? What if the wound is a result
of a tumor excision procedure?

Several studies on cancer growth, progression,
recurrence and postoperative survival rate, focus
on the tumor stroma, which represents a crucial
parameter in tumor development (2). Much research
is now devoted to determining the impact of platelet-
derived growth factors on tumor development and
progression, and the reciprocal influences of tumor
products on the stromal microenvironment. A more
detailed understanding of the complex parameters
that govern the interactions between the tumor
and surrounding compartments has already helped
to improve anti-cancer strategies, not only for
treatment, but also for preventing recurrence (3).

Key words: platelet-rich plasma, cancer, recurrence, safety
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The secretory proteins contained in the a-granules
of platelets include platelet-derived growth factor
(PDGF-AA, BB, and AB isomers), transforming
growth factor- f (TGF-B), vascular endothelial
growth factor (VEGF), epidermal growth factor
(EGF), platelet-derived endothelial growth factor
(PDEGF), and many others (4).

The release of these growth factors stimulates
angiogenesis, induces tumor lymphangiogenesis,
enhances nodal metastasis rate, regulates several
cell biology processes, including tumorigenesis,
proliferation and survival, and many others such as
cell differentiation, migration, and apoptosis (5).

In carcinogenesis, promoting substances are
known to act upon increased proliferation among the
initially mutated cell clones, by modifying certain
cellular biochemical processes. If the mitogenesis
of these initially mutated cells is not promoted, the
host control mechanisms could induce the death
of these altered cells before the latter reach end-
differentiation. This means that therapeutic growth-
factor concentrates such as PRP could act more as
promoters than as initiators of carcinogenesis (6).

At this point, and in order to muddy the waters,
we would like to pose the question in reverse: shall
we consider PRP as a harmful concentrate that could
not be applied for wound repair on a tumor excision
bed? We strongly believe that the role of PRP in
tumor recurrence deserves further experimental
investigation and large-scale prospective randomized
clinical trials.

We propose animal models that resemble e.g.
human skin cancer development. In such case,
genetic changes of the rodent skin physiology
caused by carcinogens and pro-inflammatory
cytokines, and simultaneous inflammation sustained
by pro-inflammatory chemokines will favor tumor

E. SPARTALIS ET AL.

progression (7). After surgical resection of these
tumors, PRP application can be tested on the tumor
bed. These studies could provide an indication of the
extent to which PRP growth-factors instruct tumor
microenvironment and promote recurrence.

REFERENCES

1. Omar NN, El-Tawdi AH, Tash RF, Shoukry Y,
Mahmoud NA, El Bakly W. Tumor potential in rat
wounds after short- and long-term administration of
platelet-rich plasma. J Biol Regul Homeost Agents
2017; 31(4):889-99.

2. Spartalis ED, Tomos P, Dimitroulis D, Kouraklis
G. Platelet-rich plasma in surgical oncology. Surg
Innov 2014; 21(4):441.

3. Spartalis E, Moris D, Dimitroulis D, Tomos P.
postresectional airway fistula occlusion via stem-
cell transplantation: is it oncologically safe? Ann
Thorac Surg 2015; 100(6):2413-14.

4.  Spartalis E, Tomos P, Konofaos P, et al. The effect
of autologous platelet-rich plasma on bronchial
stump tissue granulation after pneumonectomy:
experimental study. ISRN Surg 2013; 2013:864350.

5. Spartalis E, Tomos P, Konofaos P, Dimitroulis D,
Kouraklis G. Breast reconstruction with autologous
fat graft; does platelet-rich plasma affect patient’s
survival? Int J Clin Exp Med 2014; 7(1):329-30.

6. Martinez-Gonzalez JM, Cano-Sanchez J, Gonzalo-
Lafuente JC, Campo-Trapero J, Esparza-Gomez G,
Seoane J. Do ambulatory-use platelet-rich plasma
(PRP) concentrates present risks? Med Oral 2002;
7(5):375-90.

7. NeaguM, Caruntu C, Constantin C, Boda D, Zurac S,
Spandidos DA, Tsatsakis AM. Chemically induced
skin carcinogenesis: Updates in experimental
models (Review). Oncol Rep 2016; 35(5):2516-28.



JOURNAL OF BIOLOGICAL REGULATORS & HOMEOSTATIC AGENTS

LETTER TO THE EDITOR

ARTEMISININ AMELIORATES THE SYMPTOMS OF EXPERIMENTAL AUTOIMMUNE
MYASTHENIA GRAVIS BY REGULATING THE BALANCE OF Th1l CELLS, Th17 CELLS
AND TREG CELLS

Vol. 32, no. 5, 1217-1223 (2018)

W. CHEN', FF. LI?, C. L%, JK. SUI, QF. MENG?, XL. LI, H. LIS,
CH. LI’ and YB. LI®

IShanghai Jiao Tong University Affiliated Sixth People s Hospital, Shanghai, China,; *The Fourth People's
Hospital of Linyi, Linyi, Shandong, China; 3Department of general surgery, Shandong Provincial
Traditional Chinese Medical Hospital, Jinan, Shandong, China, *College of Life Science, Shandong
Agricultural University, Tai'an, Shandong, China; °Department of Neurology, Second Affiliated Hospital of
Shandong Traditional Chinese Medicine University, Jinan, Shandong, China, ‘Department of Neurology,
Shandong Provincial Qianfoshan Hospital, Shandong University, Jinan, Shandong, China; "Department of
Neurology, Jinan Traditional Chinese Medicine Hospital, Jinan, Shandong, China

Received March 9, 2018 — Accepted July 24, 2018

Myasthenia gravis (MG) is an autoimmune disease characterized by fatigue and muscle weakness.
Artemisinin and its derivatives were reported to be experimentally used to treat autoimmune diseases,
such as systemic lupus erythematosus (SLE) and experimental allergic encephalomyelitis (EAE). Here,
we tested the effects of artemisinin on experimental autoimmune myasthenia gravis (EAMG). Our data
confirmed that artemisinin markedly ameliorated the symptoms of EAMG rats. There was a decreased
level of tumor necrosis factor-a (TNF-a) and IL-17+ cells in mononuclear cells (MNCs), and an increased
level of transforming growth factor-p1 (TGF-B1) and Treg cells in MNCs. These findings indicate that
artemisinin may be a new choice for MG treatment.

To the Editor,

Many studies in recent years have focused
on the treatment of myasthenia gravis (MGQG).
MG, which is clinically characterized by skeletal
muscle weakness and abnormal fatigability, is an
antibody-mediated autoimmune disease. It has been
traditionally believed to be caused by the production
of anti-acetylcholine receptor (AChR) autoantibodies
(1). Experimental autoimmune myasthenia gravis
(EAMG) mimics the human disease in its clinical
and immunopathologic manifestations (2). It has
been used to investigate the pathogenic mechanisms
and to evaluate the immunotherapeutic strategies.

The pathogenic mechanism underlying the
autoimmunity in MG is not well understood, but
we do know Thl17 cells, regulatory T cells, Thl
and Th2 lymphocytes are reported to participate
in its development (3-5) . Current drug treatments
of MG have their limitations, such as serious side-
effects and incomplete remission. Therefore, a new
treatment strategy that is price friendly and has fewer
side-effects is urgently needed.

Artemisinin is widely known as an anti-
malarial agent. Furthermore, artemisinin and its
derivatives are also experimentally used to treat
autoimmune diseases, such as systemic lupus

Key words: experimental autoimmune myasthenia gravis, artemisinin, Th17 cells, Treg cells, TGF-$1, TNF-a
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erythematosus (SLE) (6) and experimental allergic
encephalomyelitis (EAE) (7). However, there is no
report about the effect of artemisinin on MG. Here,
we put forward the hypothesis that artemisinin has
clinical meaning on MG. In our study, we aimed to
investigate the impact upon the artemisinin on MG,
as well as its possible mechanism.

MATERIALS AND METHODS

Animals and reagents

Twenty-one adult female Lewis rats (160-170 g, 6-8
weeks old) were obtained from Vital River Laboratory
(Beijing, China). The Lewis rats were raised at the
local experimental animal room under pathogen-free
conditions and fed with standard rat chow and water. The
study projects was approved by the ethics committee of
Shandong Provincial Qianfoshan Hospital. Artemisinin
was obtained from Nanjing Zelang Biological
Technology Co. Ltd. (Nanjing, China). R97-116 peptide
(DGDFAIVKFTKVLLDYTGHI) was synthesized by AC
Scientific, Inc. (Xi’an, China).

EAMG induction and assessment of clinical symptoms

According to Baggi et al. (2), the rats were immunized
with R97-116 peptide. A total of 200 pl inoculum
containing R97-116 peptide (50 pg), Mycobacterium
tuberculosis (1 mg, strain H37RA; Difco, Detroit, MI,
USA) and incomplete Freund’s adjuvant (Sigma-Aldrich,
St. Louis, MO, USA) was injected into both hind footpads
of Lewis rats. The rats were first immunized on day 0 and
then again on the back on day 11 post-immunization. The
rats were weighed once a day until 43 days after the first
immunization Clinical scores were evaluated as follows (2):
0 - normal; 1 - mildly impaired activity and weak grip or
cry more obvious after exercising; 2 - clinical signs before
the event (head down, tremor, hunched posture, and weak
grip); 3 - severe generalized weakness before exercise, no
grip, moribund; 4 - dead. Rats exhibiting intermediate signs
were assigned scores of any number from 1 to 3. Results
were averaged each day for all the rats.

Dose of artemisinin

The twenty-one rats were divided into three groups (n
= 7 in each group). The high dose group and low dose
group were given artemisinin at doses of 40 mg/kg/day
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or 60 mg/kg/day via intragastric administration from day
6 to day 42 post immunization (p.i.). The artemisinin was
dissolved in edible olive oil. The control group (n = 7)
received the same volume of olive oil. Drug doses were
determined in accordance with antimalarial instruction of
artemisinin and dose conversion formula: HED (mg/kg) =
animal dose (mg/kg) x animal Km/human Km.

Lymph node mononuclear cell preparation

Rats were sacrificed at day 43 after the first
immunization. Inguinal lymph nodes of each rat were
extracted under aseptic conditions and ground through
cell strainers in serum free medium. Mononuclear cells
(MNCs) were washed and then rediluted in complete
medium (CM) to a consistency of 2 x 10 cells/ml.

Flow cytometry

Firstly, lymph node MNCs were added to 24-well
plates and stimulated by the leukocyte activation cocktail,
with BD GolgiPlug™ for 4-6 h in an incubator (37°C,
5% CO,). After washing with 0.5% BSA, Lymph node
MNCs were immobilized and permeabilized by the
eBioscience Foxp3 staining buffer set (eBioscience, San
Diego, CA, USA), after which MNCs were incubated
with phycoerythrin (PE)-labeled IL-17 and TNF-o for
30 min at 4°C in the darkness. According to instructions,
MNCs were stained with FITC-conjugated anti-rat CD4,
PE-conjugated anti-rat CD25 and PE-Cy5-conjugated
antimouse/rat Foxp3 antibodies (all from eBioscience).
Then cells were analyzed by fluorescence activated cell
sorting (FACS) after resuspended in PBS.

Detection of TGF-f1

Firstly, we prepared cell culture supernatant by culturing
mononuclear lymphocyte suspension. Dissolved lyophilized
powder was diluted by Dilution buffer R(1xXto recommended
concentration gradients: 1000pg/ml, 500pg/ml, 250pg/ml,
125pg/ml, 62.5pg/ml, 31.25pg/ml, and 15.6pg/ml. The
supernatant of cell culture was added into wells and
cytokine standard, sample, Dilution buffer RXIxXwas
added to standard wells, sample wells and control wells,
respectively. After washing with buffer (300 pl/well) for
4 times, each well was added with diluted Biotinylated
antibody (100 pl/well) and the plate incubated for 90
min at 37°C. After washing, each well was added with
Streptavidin-HRP (100 pl/well) and incubated for 30 min
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at 37°C. The plates were washed again and incubated
with tetramethylbenzidine (TMB) substrate (Tiangen
Biotechnology, Beijing, China). The absorbance of each
well was measured at 450 nm by a microplate ELISA
reader. Here, each sample was tested three times. The
final results are expressed as optical density (OD) values
+ standard deviation (SD).

Detection of serum anti-R97-116 peptide 1gG, IgGl,
1gG2a, IgG2b antibody

The 96-well plates (Corning, NY, USA) were coated
with R97-116 peptide (5 pg/ml) and left at 4°C overnight.
200 pl PBS (contains 0.05% Tween 20 and 10% FBS)
was added to each well after washing, then, incubated at
37°C for 1.5 h. Serum samples from the heart blood of
rats were added to the wells and incubated for 2 h at 37°C.
After washing, the wells were incubated with biotinylated
rabbit anti-rat IgG (1:1000; BioLegend), IgG1 (1:1000;
Biosynthesis Biotechnology, Beijing, China) and anti-rat
1gG2a, IgG2b (1:500; BioLegend) for 1 h at 37°C, washed
again, incubated with streptavidin-horseradish peroxidase
(1:1000; Biosynthesis Biotechnology) at 37°C for 30 min.
After washing, the plates were developed by incubation
with tetramethylbenzidine (TMB) substrate (Tiangen
Biotechnology, Beijing, China), and the absorbance of
each well was measured at 450 nm using a microplate
ELISA reader. Each serum sample was tested three times.
Results are expressed as the mean + SD absorbance at 450
nm of the samples.

Statistical analysis

Statistical analysis of the data was completed by
SPSS 17.0 software (SPSS Inc., Chicago, IL, USA).
EAMG clinical scores were checked by Kruskal Wallis
test, followed by Mann-Whitney U test as a post-hoc
test. Other data among three groups were checked by
one-factor analysis of variance (ANOVA) followed by
least significant difference (LSD) post hoc tests. Results
are presented as mean + SD, and p values of 0.05 were
considered statistically significant.

RESULTS

Artemisinin suppressed the development of ongoing
EAMG
Artemisinin at a dose of 40 or 60 mg/kg was
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administrated daily from day 6 p.i. to day 42 p.i., at
the same time rats in the control group were given
the vehicle (olive oil) only. The artemisinin-treated
group showed an inhibitory effect on the progression
of EAMG compared with the control group (Fig.
1A). Clinical scores in two treated groups were
all lower than that in the control group from day
14 p.i. to day 42 p.i.. Rats treated with high-does
artemisinin exhibited significantly lower clinical
scores compared to the control group from day 14
p.i. to day 42 p.i.(p < 0.05, respectively ), at the
same time the low-dose group showed statistically
difference compared with the control group on
day 32 p.i. to 42 p.i.( p < 0.05, respectively). Rats
treated with high-does artemisinin weighed more
than the control rats from day 18 to 42 p.i. (p <0.05,
respectively). However, there was no statistical
difference in weight between the low-dose group
and the control group (Fig. 1B).

High-dose artemisinin treatment increased the
numbers of CD4* CD25*Foxp3™ T cells

To evaluate whether the influence of artemisinin
on EAMG correlated with the Treg cells, MNCs
were obtained from inguinal lymph nodes of
each individual rat and tested by FACS. The
percentages of CD4" CD25"Foxp3™ T cells among
lymph node MNCs from rats treated with the high-
dose artemisinin were higher than those from the
control group (p M 0.05) and the low-dose group.
However, there was no significant difference in the
percentage of CD4*CD25"Foxp3* T cells between
the low-dose group and the control group. (Fig. 2,
A and B).

Artemisinin decreased the expression of IL-17% A
cells in EAMG rats

To investigate the effect of artemisinin on the
expression of Thl7 cells in EAMG rats, MNCs
obtained from inguinal lymph nodes were tested
by FACS. The percentage of IL-17" A cells among
CD4" T cell from the treated groups was lower than
that in the control group (p < 0.05, respectively),
but there was no statistical difference of IL-17" A
cells between the high-dose group and the low-dose
group (Fig. 2, C and D).
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Fig. 1. Artemisinin treatment ameliorated the severity of ongoing EAMG in Lewis rats. A is the mean clinical scores and
B is the average body weight. Data are presented as mean + SD (n = 7 in each group) (*: refers to the high-dose group
compare to the control group has a p < 0.05, #: refers to the low-dose compare to the control group has a p < 0.05).
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C) Concentration of TGF-f1 (n = 7 in each group). Data are presented as mean + SD (*p < 0.05).

Table 1. OD value (450 nm) of AChR antibody.

Control Low dose High dose

IgG 0.49 +0.05 0.56 +£0.03 0.51 £0.06
IgG1 0.96 +0.04 1.07 £0.07 0.95 +0.05
IgG2a 0.50 +0.05 0.71 £0.10 0.59 +0.04
IgG2b 1.42 +0.09 1.55+0.06 1.54 £0.10

Artemisinin suppressed the TNF-o expression in
EAMG rats

It was believed that TNF-a was involved in the
pathogenesis of EAMG, therefore we studied the
expression of TNF-a. As shown in Fig. 3, A and B,
the percentage of TNF-a* cells was down-regulated
in both the high dose and low dose groups than in the
control group (p < 0.05, respectively).

High-dose artemisinin up-regulated the expression
of TGF-S1 in EAMG rats

TGF-B1 is one of the three TGF-B isoforms.
Reports indicated that TGF-f1 was involved in
EAMG, therefore we studied the level of TGF-B1
among lymph node MNCs by ELISA. As shown in
Fig. 3C, the high-dose artemisinin group had up-
regulated level of TGF-B1 in EAMG rats compared
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with both the control group (p < 0.05) and the
low-dose group, although there was no statistical
difference between the control group and the low-
dose group.

Effect of artemisinin on anti-R97-116 1gG/ 1gGl/
1gG2a/ IgG2b antibody level in serum

The levels of R97-116 IgG/ IgG1/ IgG2a/ IgG2b
antibody was detected by ELISA. As shown in Table
I, there was no significant difference between the
high and low dose groups compared with the control
group.

DISCUSSION

Our data shows that artemisinin treatment
ameliorated EAMG symptoms, possibly by
modulating Th1 cell, Th17 cell, and Treg cell.

Itwasreportedthat TGF-B1 cannotonlyselectively
suppress TNF-a expression (8), but also induce
the differentiation of CD4*CD25" Treg cells (9).
Moreover, TGF-B also induced development of the
Th17 lineage (10). Furthermore, CD4"CD25"Foxp3*
cells could suppress the generation of Th17 cells
(11). In our study, the level of TGF-f1 and the
percentage of CD4*CD25"Foxp3* regulatory T cells
in the high dose group was markedly higher than in
the control group. However, both the percentage of
TNF-a" cells and IL-17* cell of the treated groups
were lower compared with that of the control group.
Based on our results and previous statements, we
inferred that artemisinin may ameliorate the clinical
symptom of EAMG by the following two ways: (i)
artemisinin directly increased the level of TGF-B1
and the percentage of CD4"CD25"Foxp3* regulatory
T cell, and decreased the percentage of TNF-a*
cells and Th17 cells; (ii) artemisinin elevated the
level of TGF-B1, thus decreased the percentage of
TNF-o" cells and up-regulated the percentage of
CD4"CD25*Foxp3* regulatory T cell, which then
inhibited the production of Th17 cells.

Our current finding confirmed that artemisinin
relieved the symptoms of EAMG. The effect of
artemisinin on EAMG coincided with increased
levels of TGF-B1 and CD4"CD25 Foxp3* regulatory
T cells, and decreased levels of TNF-a"cellsand Th17
cells, serving as a clue to the underlying mechanism.

W. CHEN ET AL.

The results provide evidence supporting the immune
regulatory effect of artemisinin on EAMG rats.
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The aim of this study was to explore the effect of depression of different degrees on inflammatory
response and immune function in patients with ovarian cancer. One hundred and eight cases of ovarian
cancer according to the Federation Internationale of Gynecologie and Obstetrigue (FIGO) stage I1~I1I
who visited the Gynecology Department of Affiliated HongQi Hospital of MuDanJiang Medical University
between September 2015 and May 2017 were enrolled in the study. After being hospitalized, they were
divided into two groups according to their Beck Depression Inventory (BDI) scores. The total score of BDI
is 63, with 0~4 for the normal group (25 cases), 5~13 for the mild depression group (24 cases), 14~20 for the
moderate depression group (28 cases), and 21~63 for the severe depression group (31 cases). The immune
function, inflammatory reaction, tumor markers [CA125, human epididymis protein-4 (HE4), insulin-like
growth factor-1 (IGF-I)], platelet technology and D-dimer index were compared between the four groups.
The results showed that there were different levels of depression in patients with ovarian cancer in II~I11
stage, and the degree of depression could stimulate the level of serum-6, and TNF -a in serum increased. The
proportion of CD3*, CD4" and NK cells in patients with severe depression decreased, and their immunity
also decreased. Depression increased the levels of CA125, HE4 and IGF-I in serum and ascites of ovarian
cancer patients, and increased the risk of tumor progression and recurrence. Hypercoagulability existed in
patients with ovarian cancer, and tumor associated depression could increase platelet count in plasma and
increase D-dimer level. To sum up, depression can affect the level of micro inflammation in patients with
ovarian cancer. In particular, depression can reduce cellular immune responses, affect the progression free
survival of ovarian cancer patients, and reduce their overall survival rate.

To the Editor,

Ovarian cancer is one of the most common
malignant in females. Upon clinical
diagnosis, many patients are already in stage II~III
(1, 2), and the resistance to treatment seriously affects
the physical and mental health of the patients. In
addition, data show that the occurrence of malignant

tumors

tumors can lead to depressive symptoms, and the
continuation of depression can also cause a series of
pathological changes in the patients (3-5). Although
it has been shown that the survival profiles of
tumor patients diagnosed at different clinical stages
were obviously different, the actual mechanisms
underlying such observations remain unclear (6).

Key words: depression, ovarian cancer, immune function, inflammatory response
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To further investigate the effect of tumor-induced
depression in patients with ovarian cancer, this study
compared the inflammatory stress, platelet count,
D-dimer and corresponding tumor markers in these
patients, based on the degree of their depression.
Moreover, the study further clarified whether there
is a difference between the clinical asymptomatic
survival stage and median survival time of patients
with different degrees of depression.

MATERIALS AND METHODS

General information

A total of 108 cases with ovarian cancer according
to the Federation Internationale of Gynecologie and
Obstetrigue  (FIGO) stage II~III who visited the
Gynecology Department of Affiliated HongQi Hospital
of MuDanlJiang Medical University between September
2015 and May 2017 were enrolled in this study. After
being hospitalized, the patients were divided into four
groups according to their Beck Depression Inventory
(BDI) scores. The total score of BDI is 63, with 0~4 for
the normal group (25 cases), 5~13 for the mild depression
group (24 cases), 14~20 for the moderate depression group
(28 cases), and 21~63 for the severe depression group (31
cases). During the follow-up, 10% of the patients were
checked for the authenticity assessment. In addition,
the BDI scores and the general situation of all patients
were recorded by designated investigators. This study
was approved by the Ethics Committee of the Affiliated
HongQi Hospital of MuDanJiang Medical University and
all subjects signed an informed consent.

Inclusion criteria were: patients with unilateral
or bilateral ovarian tumors associated with pelvic
dissemination; distant organ metastasis; microscopically
confirmed pelvic or peritoneal metastasis, and visible
metastasis in the pelvic peritoneal cavity (maximum
diameter of metastasis > 2cm); and patients willing to
cooperate with the treatment and follow-up studies.

Exclusion criteria were: patients at FIGO stage | and
IV; patients with severe liver and kidney dysfunctions;
and patients with a history of mental illness.

Immunological examination: the level of peripheral
blood lymphocytes, the percentage of CD3*, CD4",
CDS8*, and NK cells, the total number of lymphocytes
and the level of CD4'CD25T cells were detected by flow
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cytometry (BD) on the seventh day before and after the
operation. In brief, fasting blood samples of the patients
were collected using EDTA anti-coagulation tubes.
Subsequently, 50 ulL anticoagulant blood was added to
10 uL of corresponding fluorescence-labeled monoclonal
antibodies (Beijing Yiqiao Shenzhou Biological
Technology Co., Ltd., China) and mixed evenly, followed
by incubation in the dark for 20 min. In the next step, red
blood cell lysat (Olivia Biotechnology Co., Ltd., China)
was added into the above mixture and centrifuged for
15 min. After rinsing with PBS buffer two times, 450 uL
of paraformaldehyde fixative (pH 7.4) was added in the
dark before the samples were analyzed. The fluorescence
intensity of various fluorescent markers on the surface of
lymphocytes was measured by flow cytometry within 2 h
and the data were analyzed by Cellques software (BD) to
obtain the percentage of positive cells.

Inflammatory response test: 5 mL of fasting venous
blood was collected from each subject and centrifuged
at 3000r/min. After settling down for 1 h, the samples
were analyzed by a computer program. Enzyme linked
immunosorbent assay (purchased from Shanghai Enzyme
Biological Technology Co., Ltd.) was used to detect the
levels of interleukin (IL)-6 and tumor necrosis factor-a
(TNF-a) in the serum of patients, according to the
manufacturer’s instructions.

Detectionoftumor markers: electrochemiluminescence
immunoassay (Shanghai Supan Biotechnology Co.,
Ltd., China) was used to measure CA125 and enzyme-
linked immunosorbent assay (Shanghai enzyme-linked
Biotechnology Co., Ltd., China)was employed to
determine HE4 and IGF-I.

Platelet technology and D-dimer detection: platelet
technology detection was performed using a French ABX
blood cell analyzer, and abnormal results were checked
with an OLYMPUS microscope and a blood cell counting
plate. D-dimer content was detected by automatic latex
enhanced turbidimetric immunoassay on a Sysmex CA-
1500 system.

Statistical analysis

The data were analyzed by SPSS19.0 software
and expressed as **S5. The r-test was used to
compare the values between different groups, while
Pearson correlation analysis was used to evaluate the
correlation. P <0.05 indicated significant difference.
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RESULTS

Changes of cellular immune functions

The percentages of CD3+ and CDS8+ cells in
the normal group were compared with those in the
severe depression group, with significant difference
(P<0.05). The percentages of CD3+ and CD8+
cells in the normal group were similar to those in
the other three groups (P>0.05). The percentages of
CD4+CD25+T cells and NK cells in the 4 groups
were compared, and were significantly different
(P<0.05). The lymphocyte count and the percentage
of CD4+ cells in the normal group were similar
to those in the mild depression group (P>0.05),
while the lymphocyte count and the percentage of
CD4+ cells in the other three groups were different
(P<0.05). The difference between the normal group
and the mild depression group for Lymphocyte count
and CD4+ was not statistically significant (P>0.05),
however, there was statistical difference between
the mild depression group, the moderate depression
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group and the severe depression group (P<0.05)
(Table I).

Changes of CA125, HE4 and IGF-I in serum and
ascites

From Table II, it can be seen that the differences
of CA125 and HE4 among the 4 groups were
statistically significant (P<0.05). There was no
significant difference between the mild depression
group and the severe depression group in terms of
IGF-I (P>0.05), while the levels of IGF-I in the in
the normal group, the moderate depression group and
the severe depression group had obvious differences
(P<0.05). The levels of CA125, HE4 and IGF-I in the
serum and ascites were closely related to each other,
with a linear correlation. The correlation coefficients
were 0.854, 0.623 and 0.357, respectively.

Levels of inflammatory response factors, plasma
D-dimer and platelet count
The levels of IL-6 and TNF-a among the different

Table 1. The changes in the levels of NK, CD4+, CD8+, CD4+CD25+ and lymphocytes among different groups.

Mild Moderate Severe
Normal
Category depression depression depression P
group
group group group
CD4+% 37.87+6.11 35.12+8.04b 27.75+6.12¢ 21.03+4.54¢ 0.004
CD8+% 28.76+5.05 29.15+4.19 31.91+3.82 34.26+3.08d 0.005
NK cell% 25.34+3.54a 23.25+4.32b 19.65+3.86¢ 16.24+3.77d 0.005
CD3+% 72.54+6.67 70.55+5.43 67.24+4.86 63.32+3.62d 0.003
Lymphocyte count
5 1.46£0.36 1.5440.34b 1.344+0.37¢ 1.12+0.41d 0.005
(x10°/L)
CD4+CD25+T
8.82+1.35a 14.76+3.63b 28.42+4.78¢ 34.13£5.66dd  0.002
cell/CD4+(%)

a: comparison between the normal group and the mild depression group (P<0.05); b: comparison between the mild
depression group and the severe depression group (P<0.05); c¢: comparison between the moderate depression group
and the severe depression group (P<0.05); d: comparison between the severe depression group and the normal group
(P<0.05); e: comparison between the severe depression group and the normal group (P<0.001). P represents the statistical

value of the same category in comparison between the four groups.
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Table I1. Comparison of CA125, HE4 and IGF-I in serum and ascites.

Moderate
Mild depression . Severe depression
Category Normal group depression P
group group
group
CA125
32.76£3.34a 39.234+4.18b 51.54+5.09¢ 78.32+8.16d 0.001
(U/mL)
HE4
Serum 343.67+89.54 375.92+77.16b 413.05+£80.91¢ 466.89+£91.22dd  0.002
(pmoL/L)
IGF-I
186.89+45.34a 179.48+52.07 169.23+68.76¢ 122.55+43.17d 0.005
(ng/mL)
CA125
38.424+4.33a 47.09+£5.12b 59.73+£591c 89.26+8.47d 0.001
(U/mL)
HE4
Ascites 369.33490.19a  399.65+87.37b 456.16+88.89¢ 497.38+92.48d 0.003
(pmoL/L)
IGF-I
155.06+41.54a  167.33+46.82b 139.43+43.04¢ 106.62+38.59d 0.004
(ng/mL)

a: comparison between the normal group and the mild depression group (P<0.05); b: comparison between the mild
depression group and the severe depression group (P<0.05); c: comparison between the moderate depression group

and the severe depression group (P<0.05); d: comparison between the severe depression group and the normal group
(P<0.05).

Table II1. Comparison of plasma D-dimer and platelet count.

) . Moderate .
Mild depression ) Severe depression
Category Normal group depression
group group
group

IL-6(ng/L) 24.92+5.99 28.91+8.41b 38.154+7.32¢ 55.62+10.27¢ 0.003
TNF-a(ng/L) 28.99+7.18a 36.36+7.47b 43.59+7.96¢ 79.61+£12.03¢ 0.002
PLT(x10°/L) 155.65+36.32 167.35+47.15 172.05+52.76¢ 317.62+68.23¢ 0.002
D- dimer (ng/mL) 2.06+0.58 2.15+0.65b 2.41£0.96¢ 4.83£1.02d 0.003

a: comparison between the normal group and the mild depression group (P<0.05); b: comparison between the
mild depression group and the severe depression group (P<0.05); c¢: comparison between the moderate depression
group and the severe depression group (P<0.05); d: comparison between the severe depression group and the
normal group (P<0.05), e: comparison between the severe depression group and the normal group (P<0.001).
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Fig. 1. Survival rates of the four groups.

groups were significantly different (P<0.05), while
the correlation coefficient between IL-6 and platelet
count was r=0.441 (P<0.05) (Table III). In addition,
there was a significant linear correlation between
the depression level and the amount of IL-6 and
TNF-a (r=3.4542; 0.493, P<0.05). There was no
significant difference in the level of plasma D-dimer
and platelet count between the normal group and the
mild depression group (P>0.05), while the difference
between the moderate group and the severe group
was statistically significant (P<0.05).

Survival rates

After 24-month follow-up, it was found that the
progression free survival, median survival, 1-year
survival, and 2-year survival were significantly
different among the four groups (P<0.05). There was
no significant difference between the mild depression
group and the normal group (P>0.05). Compared
with the normal group, patients’ free survival period,
median survival period, 1-year survival period, and
2-year survival period in the moderate depression
group and the severe depression group were
significantly decreased (P<0.05) (Fig. 1).

DISCUSSION

Most malignant tumor patients suffer from

T T
30.00 35.00

depression of different degrees. The long-term
symptoms of depression could affect the immune
functions of the patients (7, 8). Some studies have
shown that the tumor itself contains chemokines
that can combine with regulatory T-cell receptors,
secrete a variety of immunosuppressive cytokines,
inhibit the activity of the body’s effector T cells,
weaken the killing effect of NK cells on tumor
cells and complete the evasion of the tumor (9, 10).
The results of the immune function tests of this
study showed that the changes in the proportion of
immune cells may reflect the imbalance between
the regulatory T cells and inhibitory T cells in
tumor patients, thus leading to tumor cell evasion
from T cell surveillance. In addition, there was no
significant difference between the normal group and
the mild depression group in terms of CD4* T cell
ratios and lymphocyte count (P>0.05), suggesting
that the patients with stage II~III ovarian cancer
were associated with depression of different degrees,
and there was significant difference in their immune
status.

The common tumor markers in ovarian cancer
patients include CA125, HE4, and IGF-I (11). The
results of this study showed a good correlation
between tumor markers in serum and ascites, and the
expression of these tumor markers was apparently
different in different depressive states. Since the
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measurements of CA125, HE4 and IGF-I can better
reflect the tumor growth in ovarian cancer patients
at different depressive states, such measurements are
beneficial for the monitoring of curative effects in
tumor treatment. In this study, higher levels of PLT
count and D-dimer were associated with more severe
depression. In addition, this study demonstrated a
good correlation between the depression score and
the levels of IL-6 and TNF-a, suggesting that the
elevated levels of inflammatory cytokines in the
plasma of ovarian cancer patients could cause an
increased platelet count.
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This study aimed to investigate the relationship between sleep disorders and lymphocyte subsets and
cytokines in patients with lung cancer undergoing radiotherapy, and to establish a theoretical foundation
for predicting sleep disorders and preventing interventions in radiotherapy in lung cancer patients. Ninety-
two patients with lung cancer requiring radiotherapy were selected as the study subjects. The patients’
demographic data and disease-related conditions were investigated. Their quality of sleep was measured
before radiotherapy, after two and four weeks of radiotherapy, and at the end of radiotherapy. According to
the Pittsburgh Sleep Quality Index Number Table (PSQI), patients with PSQI score> 7 points were put into
a sleep disorder group, and patients with PSQI score 0-7 were put into a normal sleep group. Lymphocyte
subsets were enumerated and cytokine levels (IL-6, IL-1f) were measured during these four periods. The
difference in sleep disorders at four weeks between patients with or without synchronous chemotherapy
was statistically significant (P<0.05). The levels of lymphocyte subsets in the sleep disorder group and the
control sleep group showed no difference in the index of lymphocyte subsets before radiotherapy. In the
sleep disorder group, CD4" cells were lower after two weeks of radiotherapy (P<0.05). After four weeks of
radiotherapy, CD3*, CD4*, and CD16"56" subsets were lower (P<0.05). At the end of radiotherapy, there
was no difference in each index. There was no significant difference in IL-6 levels between the two groups
before radiotherapy, after two weeks, or after four weeks (P>0.05). At the end of radiotherapy, IL-6 levels in
the sleep disorder group were higher than those in the control sleep group (P<0.05). There was no significant
difference in IL-1f between the two groups (P>0.05). In conclusion, monitoring of T-lymphocyte subsets
and IL-6 levels in patients is enhanced during radiotherapy. Clinically effective programs of radiotherapy
for lung cancer improve the body’s immune status.

To the Editor, cancer. Although radiation therapy Kkills tumor
The incidence and mortality rate of lung cancer cells, it may cause a series of complications with
are the highest among malignant tumors. Radiation common symptoms, including anxiety, depression,

therapy is one of the main methods to treat lung sleep disorders, and dry mouth. These complications
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severely affect the subsequent therapeutic effect of
the treatment (1, 2). Among these complications,
sleep disorders have always been a topic of concern
to researchers worldwide (3, 4). The literature shows
that sleep disorders can directly result in endocrine
disorders and decreased immune function, and
can participate in the occurrence and development
of tumors (5). Therefore, the prevention and
improvement of sleep disorders in cancer patients is
vital.

Despite this, there is a paucity of studies on
sleep disorders in patients undergoing radiotherapy
(6). With the expansion of research in medical
immunology, the theory of neuroendocrine-immune
mechanisms of cancer-related symptoms has
gradually been recognized (7). In addition, studies
show that the determination of cytokines connected
to cancer-related symptoms can help clinicians
predict the symptoms and prevent intervention based
on the mechanisms of neuroendocrine immunity
(8). This study aimed to explore the relationship
between sleep disorders and lymphocyte subsets and
inflammatory cytokines. It lays a foundation for the
development of effective sleep interventions, which
in turn improves the quality of life and prognosis of
patients undergoing treatment.

MATERIALS AND METHODS

Patients

Atotal 0f92 lung cancer patients requiring radiotherapy
and seeking medical treatment in Shandong University
School of Medicine, China, were selected from June
2016 to November 2017. All patients (or their families)
signed an informed consent and this study was approved
by the ethics committee of Shandong University School
of Medicine.

Fifty microliters of venous blood was collected from
fasting patients in the early morning before radiotherapy,
after two weeks of radiotherapy, after four weeks of
radiotherapy, and at the end of radiotherapy. The blood
was then placed in two tubes containing ethylene diamine
tetraacetic acid (EDTA) anticoagulant. One tube was sent
to the laboratory within 30 min for detection of lymphocyte
subsets. The other tube was maintained at 4°C for 30 min
and then stored at -80°C after centrifugation.

Y. WANG ET AL.

Data of study subjects

Questionnaires were filled out by patients before
radiotherapy, after two weeks of radiotherapy, after four
weeks of radiotherapy, and at the end of radiotherapy.
Age, gender, body mass index (BMI), religious beliefs,
occupational status, marital status, exercise history,
smoking history, and drinking history of all the patients
were recorded. Histological type, stage of disease, history
of coronary heart disease, history of diabetes, history of
hypertension, and history of previous chemotherapy were
also noted.

Pittsburgh Sleep Quality Index

Sleep disorders were assessed using the Pittsburgh
Sleepiness Index Questionnaire (PSQI). The PSQI
consists of nineteen self-assessments and five other
evaluation items. There are seven main factors:
subjective sleep quality, sleep latency, hours of sleep,
sleep efficiency, sleep disorders, hypnotic drug use, and
daytime dysfunction. Each factor is calculated as 0 to 3
points, and the cumulative factor score is the PSQI total
score. The higher the score, the worse the sleep quality.
PSQI>7 was used as the criterion for determining sleep
disorders. The patients were divided into two groups: a
sleep disorder group comprising patients with PSQI score
>7; and a normal sleep group comprising patients with
PSQI score 0-7. Since the sleep status of 92 patients in
each period were always changing, the number of patients
in the sleep disorder group and the normal sleep group

was 20 in each period.

Laboratory testing

There are seven detection indexes of lymphocyte
subsets (name, immunophenotyping and reference
interval) as follows: average number of lymphocytes,
lymph events, no reference interval (%); B lymphocyte,
CD19%,5.0-18.0%; T lymphocyte, CD3*, 50-84%;
Inhibition/cytotoxic T cells, CD3"CD4CD8",15.0-44.0%;
Helper/inducing T cells, CD3*CD4'CDg&", 27.0-51.0%;
Helper/suppressor T lymphocyte ratio, CD3'CD4"/
CD3*CDS8*, 0.7-2.8%; Natural killer cells, CD16"56",

7-40%.

Lymphocyte subsets detection method
Fifty microliters of blood was put into 2 BD Falcon™
Tubes and marked. Then, 20 uL of antibody was added to
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each of the 2 flow tubes. One tube was CD3/CD8/CD45/
CD4 and the other tube was CD3/CD16°CD56/CD45/
CD19. The light elastohydrodynamic tube was mixed
with liquid and placed in the dark for 15 min. Next, 450
uL diluted lysate (1:10 dilution) was then dropped into
2 flow tubes and mixed and kept in the dark for 15 min.
Finally, the sample was placed on the flow cytometer for
detection.

Detection of IL-1[3 and IL-6 by cytokines

Blood samples were collected (while patients were
fasting) in the morning into 2 ml EDTA anticoagulative
purple tubes and stored at 4°C. Blood samples were
processed within 2 h. The first centrifuge parameters were:
3000 rcf, 15 min, 4°C, slow rise and slow drop; the second
centrifugation parameters were: 3000 rpm, 30 min, 4°C.
Plasma was harvested (200 uL) and frozen at -80°C. U.S.
R&D System kits and Enzyme-Linked Immunosorbent
Assay (ELISA) were used to test the indicators.

Statistical analysis

Statistical analysis was performed using statistical
software SPSS 17.0. The trend in the incidence of sleep
disorders was tested using the Chi-squared test. Changes
in the total score of sleep quality during each period were
analyzed by repeated measures analysis of variance. The
t-test was used to analyze differences in lymphocyte
subsets and inflammatory cytokine levels in the sleep
disorder group and the normal sleep group . Chi-squared
test was used to compare the distribution of sleep disorders
among different sociodemographic data, disease-related
conditions, and patients with adverse reactions.

RESULTS

A follow-up questionnaire was conducted on the
sociodemographic and disease-related data of the 92
patients. The patients were 37-75 years old, average
57.1247.57 years. The sociodemographic data of the
subjects were as follows: 16 were 49 years old or
under (17.4%), 66 were aged between 50-69 years
(71.7%), and 10 were aged 70 years or over. There
were 74 males (80.4%) and 18 females (19.6%). The
disease-related data of the study subjects were as
follows: 28 patients had squamous cell carcinoma
(30.4%), 13 patients had adenocarcinoma (14.1%),
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45 patients had small cell carcinoma (48.9%), and 6
patients had other cancers (6.5%). The pathological
stage of 3 patients was in stage I (3.3%), 5 patients
in stage II (5.4%), 64 patients in stage 111 (69.6%),
and 20 patients in stage IV (21.7%). Twelve patients
had coronary heart disease (13%), 8 had diabetes
(8.7%), 23 had hypertension (25%), 75 had a history
of chemotherapy (81.5%), and 41 had concurrent
chemotherapy (44.6%).

Sleep disorders during radiotherapy

With the progress of radiotherapy, the incidence
of sleep disorders (PSQI>7 points) in the 92 patients
with lung cancer increased from 32.6% to 52.2%, and
the trend test changes were statistically significant
(P<0.05). Compared to the domestic norm, the scores
and total scores of lung cancer patients in the PSQI
questionnaire were higher. The differences in sleep
efficiency, daytime dysfunction, and PSQI scores
were statistically significant (P<0.05), as shown in
Table I and Fig. 1.

Immunological indicators during radiotherapy

Changes in lymphocyte subsets during
radiotherapy in the 92 subjects are shown in Fig. 2.
The changes of CD19%, CD3", CD4" and CD4"/CD8*
cells were statistically significant (P<0.05). The IL-6
level in the 92 lung cancer patients was between
0.02 to 40.36 pg/ml, and the detection rate was
100%. During radiotherapy, IL-6 showed an upward
trend (F=5.013, P=0.003). The mean value of IL-6
during T1-T4 was (4.51+6.76) pg/ml, (5.22+6.94)
pg/ml, (5.65+6.98) pg/ml, and (7.57+£7.94) pg/ml,
respectively. The detection value of IL-1p in the 92
lung cancer patients was lower than the detection
threshold of -5.90 pg/ml, and the total detection rate
was 10.8%. Before radiotherapy, the positive rate was
0%. In the mid-period of radiotherapy, the positive
rate was 8.7%. In the late stage of radiotherapy, the
positive rate was 13%. At the end of the radiotherapy,
the positive rate was 21.7%.
Relationship  between sleep disorders, clinical
factors, and immunological parameters during
radiotherapy

Through the use of the Chi-square test, the
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Table 1. Scores of the PSQI Scale and the Status of Scores in each dimension during different periods of radiotherapy for
lung cancer patients ( x+s).

Item Domestic T1 T2 T3 T4 F P
norm
Sleep 0.63+£0.6  1.04+0.77 0.91+0.56 1.01+£0.55 1.15+0.51 1.80 0.14
quality g o - - - - 9
Sleep 0.70+£0.8 1.16%1.12 1.31+1.07 1.38+1.14 1.62+1.09 2.17 0.10
latency 6 " " " " 8 1
Hours of 0.70+0.5 0.83+0.73 0.80+0.75 0.86+0.78 1.01+0.92 0.64 0.58
sleep 8 ) 4 7
Sleep 0.15+0.4 0.72+0.68 0.85+0.73 0.83+0.74 1.22+1.07 3.09 0.03
efficiency 7 " " " " 8 4
Sleep 0.90+0.4 1.39+0.54 1.33+0.48 1.35+0.47 1.50+0.51 2.32 0.08
disorder 4 * ** " ** 2 7
Sodium 0.06£0.0 0.23+0.04 0.22+0.06 0.12+0.07 0.19+0.03 0.53 0.66
amytal 4 " ) 1 5
Daytime 0.73+£0.8 1.45+0.97 1.57+0.83 1.64+0.86 1.74+0.84 3.52 0.02
function 3 * ** * ** 1 1
PSQI 3.87+2.5 6.82+3.78 6.99+0.74 7.19+0.55 8.43+3.72 4.32 0.00
score | o A x5 - 9 9
* P<0.05; ** P<0.01
12 -
10
8 =
o
O
@ 6 F
g
T g4l
2 =
0
T1 12 T3 T4
survey time

Fig. 1. Trend of PSQI scores in patients with lung cancer at different stages of radiotherapy (translation: survey time,
PSQI score).
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results of distribution of sleep disorders under
different social demographic characteristics during
radiotherapy from lung cancer patients showed a
significant difference in sleep disorders after two
weeks of radiation therapy among lung cancer
patients of different ages (P<0.05); there was no
significant difference in the other factors (P>0.05).
The results of distribution of sleep disorders under
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different disease-related data during radiotherapy for
lung cancer patients showed a significant difference
in sleep disturbances between patients with or
without previous diabetes and previous radiotherapy
with chemotherapy (P<0.05). There was a
statistically significant difference in sleep disorders
at 4 weeks in patients with or without synchronous
chemotherapy (P<0.05), however, there was no

Table I1. Distribution of immunological markers in patients with sleep disorders and normal sleep during radiotherapy (x+s).

Observation  Immune Sleep Normal
time index disorder sleep group ! P
group

CD19" 8.234£3.47  9.65+4.29 -1.478 0.143

CD3" 66.45+9.80  69.53+9.21 -0.859 0.391
CD3'CD8"  26.87+9.32  27.0249.01 -0.082 0.932

Tl CD3'CD4"  39.16+7.78  41.1649.67 -0.945 0.334
CD4/CD8"  1.59+0.62  1.77+0.74 -0.894 0.371
CD1656"  19.35+9.39 22.43+11.17 -1.148 0.352

IL-6 3.7144.36  4.89+7.65 -0.593 0.557

CD19" 6.1143.890  6.34+2.72 -0.265 0.788

CD3" 68.82+11.21 73.11+12.34 -1.573 0.117
CD3'CD8" 26.29+10.01 27.23+8.37 -0.409 0.684

T2 CD3'CD4"  41.05+9.18 45.93+11.02 -2.067 0.042
CD4"/CD8"  1.76+0.73  2.68%0.79 -1.392 0.167
CD16756" 18.43+12.65 23.13+12.34 -1.749 0.086

IL-6 5224398  5.3943.76 -0.082 0.943

CD19" 4861225  5.87+3.21 -1.305 0.197

CD3" 69.62+12.18 76.71+10.13 -2.502 0.014
CD3'CD8"  26.5149.89  27.06%8.79 -0.241 0.812

T3 CD3'CD4"  42.12+10.58 49.03+12.17 -2.505 0.015
CD4'/CD8"  1.74+0.69  2.03+0.97 -1.421 0.161
CD16'56" 16.92+10.25 23.01+12.18 -2.149 0.034

IL-6 6.58+4.26  4.98+4.12 0.789 0.434

CD19" 5.0242.93  7.55+2.86 -1.102 0.274

CD3" 73.31£13.21 75.41+16.54 -0.451 0.656
CD3'CD8" 31.56+15.13 40.72+19.72 -0.959 0.342

T4 CD3'CD4" 38.89+12.04 42.21+16.58 -0.782 0.434
CD4"/CD8"  1.42+0.75 1.72+1.18 -0.894 0.375
CD16'56" 15.43+10.31 20.09+13.78 -1.385 0.169

IL-6 10.23£9.89  4.53£3.71 2.561 0.13
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Fig. 2. Changes of lymphocyte subsets in patients with lung cancer at different stages of radiotherapy.

significant difference in the other factors (P<0.05).
Compared with the normal sleep group, patients
with lung cancer had lower levels of CD4" cells at
two weeks of radiotherapy (P<0.05). The levels of
CD3*, CD4", and CD16"56" surface markers were
lower at 4 weeks of radiotherapy (P<0.05). At the end
of radiotherapy, there was no significant difference
in each index (P>0.05), as shown in Table II. The
comparison of inflammatory cytokines between the
two groups showed that there was no significant
difference in IL-6 levels between the two groups
before and after radiotherapy (P>0.05). At the end
of radiotherapy, IL-6 levels in the sleep disorder
group were higher than those in the normal sleep
group (P<0.05). In the period of T1~T4, there was
no significant difference of IL-1p between the two
groups (P>0.05). Details are shown in Table II.

DISCUSSION

This study highlights the incidence of sleep
disorders in patients with lung cancer radiotherapy

ranges from 33.3% to 52.6%. To some extent, it
showed the prevalence of sleep disorders in patients
with cancer radiotherapy. Elder patients with lung
cancer were prone to sleep disorders. The risk of sleep
disorders in patients with lung cancer was significantly
higher than that of patients with radiotherapy alone.
Complications of the body caused by multiple stimuli,
including the tumor itself, chemotherapeutic drugs,
and radiation, in patients undergoing concurrent
radiotherapy and chemotherapy seriously affected
sleep quality (9, 10).

In this study, we found that CD3*, CD4", and
CD16756" counts in the sleep disorder group were
lower than those in the normal sleep group, and there
was no difference in CD8" cells in the mid-late stage
of radiotherapy. This suggested that the occurrence
of sleep disorders during lung cancer reduced the
body’s immune status. IL-6 levels in lung cancer
patients displayed a rising trend during radiotherapy.
Radiotherapy may cause some degree of tissue
damage with radiation and/or chemotherapeutic drugs
as external stimuli, which may cause inflammatory
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reactions in the body and stimulate the secretion of
pro-inflammatory cytokines such as IL-6. The level
of IL-6 in the sleep disorder group of lung cancer
patients at the end of radiotherapy was higher than
that in the normal sleep group. This result is consistent
with published results (11, 12).

In summary, the incidence of sleep disorders in
patients gradually increased with the progress of
radiotherapy. Sleep disorders in lung cancer patients
during radiotherapy were associated with a decrease in
CD3%, CD3*CD4", and CD16"56". Patients with sleep
disorders at the end of radiotherapy were associated
with elevated levels of IL-6.
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This study aims to explore the possible mechanism of treatment of collagen-induced rheumatoid
arthritis (RA) by tolerogenic dendritic cells (tDCs). Different methods were used to induce and cultivate
tDCs, and suitable conditions for tDC cultivation were explored. The experimental RA induced by
collagen in mouse was treated by the obtained tDCs, and the possible mechanism was explored. The
serum concentration of TNF-a, IFN-§, IL-4 and anti-type II collagen antibody were detected by ELISA.
The anti-type II collagen antibody of mice without treatment was higher than that without disease
onset, while the Blank-DC group, VIP-DC group and Bay-D had no statistically significant differences
(P>0.05). Compared to the group without disease onset, the TNF-a level of those without treatment was
significantly higher, while INF-y, IL-1p and IL-4 concentration showed no significant difference (7>0.05).
Compared to the untreated group, the TNF-o and IL-1B concentration after VIP-DC treatment were
significantly decreased, while IL-4 was increased (P<0.05). In summary, VIP-DC and Bay-DC alleviate
joint inflammation, synovitis and bone erosion by reducing the production of anti-type II collagen

antibody, inhibiting proinflammatory factors and increasing inflammation inhibitors

To the Editor,

Rheumatoid arthritis (RA) is an autoimmune
disease with symmetrical polyarthritis as the main
clinical manifestation; its pathogenesis involves
antigen presenting cells, T cells, B cells, synovial
fibroblasts and cytokines. In the course of disease
development, synovial proliferate to pannus, causing
the erosion of cartilage and bone damage, eventually
resulting in joint stiffness, deformity, dysfunction and
different degrees of disability.

Dendritic cells (DCs) are recognized as the most
powerful professional antigen presenting cells, which
play an important role in inducing immune response

and immune tolerance formation (1). Tolerogenic
dendritic cells (tDCs) have the effect of inducing
T-cell resistance, inhibiting autoimmune responses,
inducing regulatory T-cell (Tregs) proliferation and
differentiation, and secreting high levels of IL-4 and
IL-10. On the one hand, it enables Th1 cells to produce
TNF-a to inhibit inflammatory reaction. On the other
hand, high levels of IL-10 reduce the DC surface
MHC- II molecules and simulate these molecule and
adhesion molecule expression, and cannot provide
corresponding stimulation signals to T cells (2). At
present, only some preliminary studies have explored
the role of tDC in RA, further studies are still needed
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to obtain safe and effective tolerable DC (3).

Vasoactive intestinal peptide (VIP) is a potential
immune inhibitor, which can affect the natural and
acquired immunity (4). VIP treatment on collagen-
induced arthritis can decrease inflammation
suppression factor levels, reducing jointinflammation
and bone erosion. VIP induced cell passivation
through combination with macrophages and VIP
receptor 1 (VPAC1). VPACI is the main functional
receptor of dendritic cells (5). Previous studies
reported that VIP-induced and cultivated human tDCs
could upregulate CD4 and CDS8 regulatory T cells
(Treg cells), which confirmed the immune tolerance
function of VIP-tDCs. As a treatment cell, presented
back to the human body, tDC should be ensured to
have low or non-immunogenicity (6). However, de
Heusch et al. (7) reported that once tDCs entered
the human body, they might induce immunogenicity
rather than immune tolerance, therefore, a key factor
in tDC therapy is to obtain low immunogenicity
of tDCs. More direct access to tDCs was achieved
through inhibiting the signal presenting pathway in
DC maturation, of which the nuclear factor NFxB
was the vital nuclear transcription factor involved
in its maturity. /n vivo, Zanetti et al. confirmed the
significance of NFkB in DC maturity (8). The results
from NF«kB knockout RelB gene mice required tDCs
immune mice? illustrated that its antigen specificity
had low reactivity, and confirmed the feasibility that
tDCs through inhibition of NFkB can effectively
reduce the immunogenicity reaction. Furthermore,
Popov et al. reported that the application of NF«xB
antagonist-induced and cultivated tolerogenic DCs
not only successfully obtained tDCs of immature
DCs cell phenotype, as the immune experimental
arthritis mice had preliminary clinical relief, but
also suppressed the antigen specific T cell responses
(9). Therefore, this intervention could obtain low
immunogenicity and induce antigen specific immune
tolerogenic tDCs through intervening in the different
steps and changing different cytokine-induced
culture conditions in DC mature process (10).
The application of tDCs in experimental arthritis
treatment could further reveal the pathogenesis of
RA, and have vital significance on the search for
novel immune intervention target.
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Previous studies confirmed that the VIP-DC and
Bay-DC treatment on collagen-induced RA in mice
could reduce the degree of inflammation, reduce
pannus formation, and prevent bone erosion. The
present study aimed to further explore the possible
mechanism of VIP-DC and Bay-DC.

MATERIALS AND METHODS

Study animals

Thirty DBA/1 SPF (specific pathogen free) mice were
purchased from Shanghai Silaike experimental animal co.,
LTD. All animals were male, aged 6-8 weeks, weight 20-25g,
and were fed in the immunodeficiency animal experimental
center without SPF environment of Zhejiang University of
Chinese Traditional Medicine.

DBA/1 mice were divided into 5 groups, 6 mice in each
group. Apart from the first group, the other groups were used
to induce CIA joint inflammation by collagen type emulsion
cattle II. (a) The group without disease onset: normal saline
was injected at the root of the tail. (b) Control group: type II
collagen was injected at the root of the tail, and saline solution
was intraperitoneally injected after modeling finalized. (c)
Blank DC group: type II collagen was injected at the root
of the tail, Blank DCs were intraperitoneally injected after
modeling finalized. (d) VIP group: type II collagen was
injected at the root of tail, VIP-DCs were intraperitoneally
injected after modeling finalized. (¢) Bay DC group: type
II collagen was injected at the root of tail, Bay-DCs were
intraperitoneally injected after modeling finalized.

DC vaccine injection and antigen specific immune
response

According to the cell culture steps, tolerance
dendritic cells were cultivated. The gained tDCs
cultivated from each group were injected to the relevant
group as vaccine, at the dosage 2x10°tDCs for each rat.
On the 40" day, the sick mice were randomly divided
into 4 groups. Intraperitoneal injection intervention
was performed on the control group, blank DC group,
VIP-DC group and Bay-DC group. The respective
injections were 0.5ml saline solution in the control
group, 2*¥10%0.5ml in blank DC group, 2*¥10%/0.5ml in
VIP-DC group and 2*10°0.5ml in the Bay-DC group.
The arthritis scores of each group were observed on
days 40, 50, 60 and 70.
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CIA mice arthritis scores

The signs of arthritis in the 5 groups of DBA/1 mice
were observed by two monitors every 10 days according
to the clinical scoring system. The evidence was based
on the degree, extent and deformity of the joint: 0 point
- no erythema or swelling; 1 point - slight swelling of
erythema was limited in the tarsal bone or ankle joint of
the foot; 2 points - erythema and slight swelling, from the
ankle to the tarsal bone of the foot; 3 points - erythema
and moderate swelling, from ankle and ankle joints to
metatarsal joint; 4 points - severe redness and swelling
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of the whole ankle, the back of the foot and the toes, or
stiffness of the limbs.

Detection of serum anti-type Il collagen antibody level

A blood sample was collected from the eyeball of each
mouse in each group. The serum dilution multiples were
1:10 by indirect ELISA method to detect the anti-type 11
collagen antibody level of mice serum in each group.

Statistical analysis
Experimental results in each group were described

Table 1. Comparison of arthritis index of mice at different days after intervention (x =S ) point.

Day 40 Day 50 Day 60 Day 70
Control group (n=6)  2.79+0.71 2.68+0.69 2.48+0.66 2.62+0.70
Blank DC group 2.87+0.52 2.63+£0.68 2.41+0.65 2.49+0.71
VIP-DC group 2.78+0.79 2.75+0.74 2.53+0.76 2.28+0.73*
Bay-DC group 2.86+0.78 2.38+0.59 2.18+0.78A  2.00+0.627*

*ys control group and blank DC group, P<0.05; A vs the remaining groups, P<0.05

Fig. 1. Manifestations of arthritis in different subgroups. a) Manifestations of arthritis in the group without disease
onset at day 40. b) Manifestations of arthritis in the group without treatment (control group) at day 40. c) Manifestations
of arthritis before and after treatment with blank-DC group at day 50. d) Manifestations of arthritis before and after
treatment with blank-DC group at day 60. e) Manifestations of arthritis before and after treatment with blank-DC group
at day 70. f) Manifestations of arthritis before and after treatment with VIP-DC group at day 50. g) Manifestations of
arthritis before and after treatment with VIP-DC group at day 60. h) Manifestations of arthritis before and after treatment
with VIP-DC group at day 70. i) Manifestations of arthritis before and after treatment with Bay-DC group at day 50. j)
Manifestations of arthritis before and after treatment with Bay-DC group at day 60. k) Manifestations of arthritis before

and after treatment with Bay-DC group at day 70.
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as X £SD. SPSS 17.0 software was used for statistical
analysis; a P value of less than 0.05 was considered to be
statistically significant.

RESULTS

Changes in arthritis scores

The arthritic condition in mice was observed on
days 40, 50, 60 and 70. Two doctors evaluated the
scores for all the animal limb joints and calculated the

XY. WANG ET AL.

average points. The group without disease onset had no
verification, the score was 0. The arthritis points in the
control group and blank-DC group did not have obvious
changes. The arthritis points in the VIP-DC group and
Bay-DC group had decreased to some degree. On day
70, the arthritis points in the VIP-DC group and Bay-
DC group were significantly less than the control group
and the blank DC group (P<0.05). On day 60, arthritis
points in the Bay-DC group were less than the other 3
groups (P<0.05), as seen in Table I and Fig. 1.

Table I1. The serum autoantibodies and cytokines in each group of CIA mice.

Anti-type
II collagen TNF-a IFN-y IL-1B IL-4
Group antibody
(IU/ml) (pg/ml) (pg/ml) (pg/ml) (pg/ml)
disease without (0 7 ¢¢ 63.1423.60 65.63+19.43 53.84427.02  146.97+14.99
onset group
Discase without 51 76 4575 A 2292645820 A 148.45+32.20 126.34+£37.92  86.78+14.99
treatment group
Blank DC group  172.21428.64  202.26+40.30 181.23+16.67%  124.86:47.44  87.63+42.62
VIP-DC group  157.02+27.65 123.58+16.76%  100.97+26.94 80.36£23.01#  154.40+26.70

Bay-DC group

131.93£22.29

188.50+58.39 A

88.78+18.94#

51.66+17.46*%# 766.01+230.40 A*#

A compared to disease without onset group, p<0.05; * vs without treatment group, p<0.05; # vs blank DC group, p<0.05
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Fig. 2. The serum cytokines and antibody levels of CIA mice in each group.
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Antibody changes in each group of mice

Anti-type II collagen antibody in the disease
without onset group was apparently higher than
that in the disease without treatment group, while
no significant differences were observed among the
blank DC group, VIP-DC group and Bay-DC group
(Table IT and Fig. 1).

Changes of cytokines in all groups of mice

Compared to the disease without onset group,
the TNF-a in disease without treatment group was
obviously increased, no significant differences in
IFN-y, IL-1B or IL-4 concentration were detected.
Compared to the disease without treatment group,
after the VIP-DC treatment, TNF-a and IL-1§
concentrations were significantly decreased. After
Bay-DC treatment, IFN-y and IL-13 were apparently
decreased, while IL-4 was obviously increased
(Table IT and Fig. 2).

DISCUSSION

In RA patients, a variety of antigens have been found
inserum and synovial fluid, including rheumatoid factor,
anti-cyclic citrullinated peptide antibody, antibodies
against keratin, and collagen antibody. In models of
collagen-induced RA, type II collagen antibody have
attracted more attention (8). In humans, anti-type 11
collagen antigen positive patients are more likely to
have bone erosion (11). In in vitro animal studies, anti-
type II collagen antibody can directly cause erosion of
cartilage and bone (12). The type II collagen antibody
injection on susceptible animals could induce arthritis
similar to human arthritis. The anti-type Il collagen
antibodies extracted from arthritic mice when injected
into healthy mice could transfer the arthritis. The above
facts demonstrate that anti-type Il collagen antibody
participated in the pathological process of RA (13). The
pathogenesis of anti-collagen antibody was suggested
to be the formed immune complex and activation of
complement, causing chemotaxis of inflammatory
cells, resulting in destruction of connective tissue
(14, 15). This experiment showed that the anti-type
II collagen antibody of mice after the onset of disease
obviously increased. Through VIP-DC and Bay-
Day treatment, the anti-type Il collagen antibody
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had a downward trend, but there were no statistical
differences. Rheumatoid factor and anti-CCP antibody
were not discovered in any group, which might have a
relationship with the time of onset.

Cytokines involved in the entire
pathological process of RA, and could be classified as
inflammatory factors or inhibitory factors according
to their function. TNF-a, IFN-y, and IL-1p were
the important inflammatory factors, while IL-4 and
IL-10 were the important anti-inflammatory factors.
The present study showed that the VIP-DC treatment
could reduce the TNF-a, IL-1B concentration, and
the differences were statistically significant. Bay-
DC treatment could obviously reduce the IFN-y,
IL-1B concentration, and IL-4 apparently increased,
which proved that VIP and Bay-induced tolerant
dendritic cells could increase the inflammation
factor expression suppression through inhibiting

WEre

the inflammatory factor, thus alleviating synovial
inflammation, and relieving the disease development.
In conclusion, VIP-DC and Bay-DC alleviate joint
inflammation, synovitis and bone erosion through
reducing the production of anti-type II collagen
antibody, inhibiting proinflammatory factor, and
increasing inflammation suppression factor.
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Prostate cancer (PC) is the most common cancer among men worldwide and its pathogenesis is complex.
The development of PC depends on family and environmental factors. Vitamin D can be associated with
both of these factors. Its reduced serum concentration has been reported in a number of tumors. However,
in the case of PC, the study results are conflicting. Polymorphism of VDR gene may also be involved in the
development of this cancer. The aim of the study was to compare the frequency of selected polymorphisms
in patients with PC and in men without this disease. Seventy-two Caucasian males aged 35-75 years with
histologically proven PC (T1/T2) were enrolled in the study group. Seventy-two random age-matched
Caucasian out-patient subjects formed the control group. VDR (Fokl, BsmlI and Taql) gene polymorphism
(rs2228570, rs1544410, rs731236) was determined by TagqMan® SNP Genotyping. The Hardy-Weinberg
Equilibrium (HWE) - p> 0.05 was in all studied polymorphisms. Deviations from the HWE were not
found. There were no differences between the study group and the control group. No difference was found

when the groups were compared in terms of age or the Gleason score.

To the Editor,

Prostate cancer (PC) is one of the most
common cancers among men worldwide. Genetic,
environmental and life style-related factors can affect
the development of PC. Age remains the strongest
risk factor as the incidence increases with age (1).
Race is also a factor that seems to have an impact
on the incidence as it is higher in African Americans
as compared to Caucasian men and Asians who are
the least frequently affected. The highest incidence
is observed in the Afro-Caribbean population (2).
In terms of geographical influence, the highest
incidence is reported in Scandinavia, whereas the

lowest in Asia. The possible role of genetic factors is
reflected by a higher risk of cancer observed in men
whose first-degree relatives were diagnosed with PC
(3). Epidemiological studies indicate the influence of
environmental factors and diet (4).

Vitamin D can be associated with almost all of
the above-mentioned factors. The reduced serum
concentration of vitamin D has been reported in
a number of tumors, however, in the case of PC,
the study results are often conflicting. While some
studies show an inverse relationship between vitamin
D levels in the blood and prevalence of PC, other
reports contradict this relationship. The role of genetic
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factors has already been mentioned, and Vitamin D
can be also connected with these. Particular attention
should be paid to the polymorphisms of genes of
enzymes involved in vitamin D metabolism, as well
as polymorphisms of genes of vitamin D receptor
(VDR) (5).

It cannot be excluded that the effect of vitamin
D deficiency on the development of PC may appear
more prominent in the case of certain polymorphisms
of the VDR gene. VDR belongs to the family of
steroid nuclear receptors and acts as an activator of
gene transcription. Most of our body cells and cancer
cells have a VDR. The gene encoding the receptor is
located on the long arm of chromosome 11 (12q13).
A number of polymorphic sites were identified
within the gene. The most common are FokI, Bsml,
Tagql and Apal. The relationship between these
polymorphisms and an increased risk of cancer has
been demonstrated in many cancers.

The aim of the study was to determine the
prevalence of Bsml, Fokl and Taql polymorphisms
in men who were diagnosed with PC.

MATERIALS AND METHODS

The study group consisted of 72 men, aged 45-75
years with histologically proven PC. The material for the
study was obtained by biopsy or electroresection. The
examinations were conducted in the Prof. E. Michalowski
Memory Specialistic Hospital in Katowice, Poland.
Table I presents the characteristics of the study group. In
accordance with the applicable procedures of the hospital,
patients in whom histological examination revealed
the presence of cancer were referred for consultation
to the Department of Radiotherapy, St. Leszczynski
Hospital in Katowice, after which further treatment was
established. Before the consultation, blood was collected
for the examination of polymorphisms. The control group
consisted of 72 men aged 45-71 years who were patients
of primary health care in Bytom. Vitamin D levels were
determined in all subjects from both of the study groups.
The study was approved by the Bioethics Committee of
the Medical University of Silesia in Katowice, Poland
(CDF 2-127/10) and written consent was obtained from
all the patients enrolled.

Three SNPs of the VDR gene, namely Fokl

R.S. BRACZKOWSKI ET AL.

(rs2228570), Bsml (rs1544410) and Taql (rs731236),
were tested. Polymorphisms were selected based on the
literature data as well as on the SNP database: http:/www.
ncbi.nlm.nih.gov/.

DNA isolation

The isolation of genomic DNA and the examination
of all polymorphisms were carried out in the Laboratory
of Molecular Biology Department of Internal Diseases,
Diabetology and Nephrology, Medical University of
Silesia, Poland. Venous blood samples were collected into
tube-syringes S-Monovette (Sarstedt), with a capacity
of 4.9 ml, containing 6.4 mg potassium-EDTA. Samples
were stored at -20°C until DNA isolation. Genomic
DNA was isolated from peripheral blood leukocytes by a
salting-out method with the use of kit manual (Epicentre
Technologies) in own modification. The precipitated
DNA was dissolved in 150 ul of TE buffer (10 mM
TRIS, and 1 mM EDTA K + pH = 8.0). Upon completion
of the dissolution of the DNA, its concentration was
evaluated using a NanoDrop (Thermo Scientific)
spectrophotometer. Genotyping was performed using
fluorescently-labeled probes complementary to each
allele, using a kit for determination of SNP TagMan
Pre-Designed SNP Genotyping Assay (Thermo Fisher
Scientific). Polymerase chain reaction and identification
of the alleles were performed on a 7300 Real Time PCR
System (Thermo Fisher Scientific).

Statistical analysis

Statistical analysis was performed using Statistica
software (StatSoft 10.0, Krakow, Poland), Stata 13.0
(StataCorp LP, TX, USA) and the R software. The Hardy-
Weinberg Equilibrium (HWE) was established by >
compliance test, using the following formula: p2 + 2PQ
+ Q2 = 1. Comparisons between the groups were made
by y? test of independence. Statistical significance was set
atp <0.05.

RESULTS

Vitamin D deficiency was found in all subjects
from the study group and the control group. The
results of our research on vitamin D concentration
in patients with PC were presented by Wieczorek
et al. (6).
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Table 1. Characteristics of the study group.

Examined group Number of persons

Age 45-75 years 72
of whom

<65 40
<65 32
TNM

Tla/b 5
Tlc 39
T2a/b 4
T2c 9
T3a 5
T3b 8
T4 2
MO, NO all group
Gleason scale points

1 -6 42
7 18
>7 12

TNM: TNM classification malignant tumours, T: tumour,
N: lymph nodes; M: metastases Table

In the case of all studied polymorphisms
deviations from HWE were not found (p> 0.05).
The results of the comparisons of the frequency
of the tested polymorphisms in the study and
control groups are shown in Table II. There were
no differences between the study group and the
control group. There was no statistically significant
difference when groups were compared in terms of
age —under 65, and 65 and over years. Furthermore,
there were no statistically significant differences in
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the frequency of polymorphisms between groups
with a different Gleason score (three groups were
distinguished: Gleason 1-6, Gleason 7 and Gleason
above 7).

DISCUSSION

Vitamin D deficiency is observed in almost the
entire Polish population. In our earlier study, we
showed that patients with PC had slightly lower but
not statistically significant concentration than patients
with benign prostatic hyperplasia (6). A number
of previous studies were related to the relationship
between VDR gene SNPs and the incidence of PC.
Isolated studies have confirmed this relationship,
however, most studies did not. In the case of the
FokI polymorphism, studies showed only a weak
relationship clearly expressed among the cases with
less advanced disease, or in the case of older patients
(7). The impact of the Fokl polymorphism on the
prevalence of PC was demonstrated by Oakley-
Girvan, however only in the group of African-
Americans (8). A Japanese study by Hamasaki et al.
did not demonstrate the links between the incidence
of PC and Taql polymorphism. However, it showed
that TT genotype was more prevalent than tt in
cases of a more aggressive course of the disease (9).
Ma et al. tried to find relationships between Bsml
polymorphism and the incidence of PC in the study
on a large group of US physicians (10). They failed
to demonstrate it when they examined the differences
in the incidence of PC between subjects with BB

Table I1. The incidence of the tested polymorphisms in patients with prostate cancer and in the control group.

Fokl (rs2228570) cancer group (n=72) CC 19 CT 36 TT 17

Control (n=72 CC 22 CT 37 TT 13 % —0.7665 p—0.682
Bsml (rs1544410) cancer group (n=72) AA 8 AG 31 GG 33

control (n=72) AA 8 AG 33 GG 31 - 0.1250 p- 0.939
Taql (rs 731236) cancer group (n=72) CC 7 CT 33 TT 32

control

(n=71) CC 8

CT 31 TT 33 % -0.122 p-0.941]
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genotype and the group of subjects with bb genotype
and those who were heterozygous (Bb). No differences
were demonstrated when age groups of those under 65
and over 65 years of age were examined. Apart from
these most commonly studied polymorphisms, other
less common polymorphisms were also investigated
e.g. tag SNPs rs2107301 and rs2238135. Holick et al.
were the first to present results indicating that there
may be a link between these polymorphisms and
the risk of PC (11). The presence of possible links
to PC was confirmed two years later by Forszt et
al., however only in the case of rs2238135 (12). In
the case of rs2107301 they demonstrated a positive
correlation with elevated PSA.

Our study contributes to the reports indicating a
lack of relationship between PC and the most common
VDR gene polymorphisms. In future we would like to
try to explain the discrepancies by demonstrating the
presence of microRNAs that block the expression of
the VDR gene. If it is not confirmed, future studies
might be focused on less common and less frequently
examined polymorphisms such as those mentioned
above.
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The regulatory role of interleukin (IL) -35 in the immunopathogenesis of multiple sclerosis (IMS)
is suggested in very few studies. We aimed to measure serum levels of IL-35 among clinically isolated
syndrome (CIS) and relapsing-remitting MS (RRMS) patients and evaluate the associations between
this cytokine and the disease clinical course. This cross-sectional study was conducted during 2017 in a
referral university clinic. Forty patients and 40 healthy controls were included in the study. The level
of IL-35 in the serum of all subjects was determined by ELISA. Serum level of IL-35 was reduced (p =
0.003) in RRMS in comparison with healthy controls. Moreover, the mean serum level of IL-35 among
new cases (diagnosed within the 6 months prior to the study) decreased compared to healthy controls
but it was not statistically significant (P=0.059). The mean serum level of IL-35 was significantly higher
in new cases compared with other cases (p=0.048). Overall, we found decreased serum level of IL-35
among RRMS patients compared to the healthy controls. Our finding provides a view of the possible role

of IL-35 in MS pathogenesis and the potential therapeutic targets.

To the Editor,

Multiple sclerosis (MS) is an autoimmune
inflammatory demyelinating disease of the central
nervous system (CNS). Immune cells, including
both B and T cells, are involved in the pathogenesis
of MS. Following exposure to auto-antigens, auto-
reactive Thl and Th17 cells are activated and migrate
from the draining lymph nodes to the CNS through
blood-brain or blood-cerebrospinal fluid barrier and
mediate CNS pathology. On the other hand, CD4"
CD25" FOXP3" regulatory T (Treg) cells have the

crucial role in controlling autoimmune inflammation
by suppressing auto-reactive T cells, and studies
have shown they are able to inhibit the pathogenesis
of experimental autoimmune encephalomyelitis
(EAE) in an animal model of MS (1).

Treg cells exert their immunosuppressive effects
through the production of inhibitory cytokines such
as TGF-B, interleukin (IL)-10 and IL-35 (2, 3). IL-
35 is a member of IL-12 family cytokines, mostly
secreted by Treg and Breg cells. The suppression
effects of IL-35 producing Treg cells (iTr35) and
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Breg cells (i35Breg) have been indicated in studies.
IL-35 contributes to attenuate autoimmune diseases
by suppressing Thl and Th17 cells in human and
mouse models (4, 5).

According to the significant role of IL- 35 in
immunological self-tolerance, IL-35 may play an
important role in the immunopathogenesis of MS
and may be used as a therapeutic target, however, it
needs to be investigated more in the clinical setting.
To the best of our knowledge, only one study has
been carried out to evaluate this cytokine in MS
cases (6). To fill this gap, we aimed to evaluate serum
levels of IL-35 among CIS and RRMS patients and
healthy individuals.

MATERIALS AND METHODS

This cross-sectional study was conducted during
2017 in the Multiple Sclerosis Clinic of Kashani hospital,
Isfahan, Iran. Patients with the diagnosis of relapsing-
remitting MS (RRMS) or clinically isolated syndrome
(CIS) based on McDonald criteria (7) and without any
other disease were included. Patients who were diagnosed
during the previous 6-months were assumed as new cases.
New cases were diagnosed patients who had not been
treated with any corticosteroids in the month prior to blood
sampling and who did not take any immunosuppressive
drugs (8). Healthy subjects with no disease and normal
examination were included as the control group. Healthy
subjects who took any type of medication or had a history
of any immune-system-related disease (e.g. severe allergy
and asthma) were excluded. All eligible subjects were
invited to participate in the study and written informed
consents were obtained before enrolment.

We collected demographic data from all subjects. Also,
data regarding disease characteristics, family history of
MS, and MS medications were recorded for all patients.
The patients were reevaluated by a neurologist to assess
their diagnosis and extended disability status scale (EDSS).

Blood samples were drawn into standard serum tubes,
allowed to clot, separated by centrifugation, and stored
at —80°C until they use. Cytokine levels of human IL-
35 in patients and controls were measured by ELISA
(Bio-Ocean, CA, USA), according to the manufacturer’s
instructions. The minimum detectable dose (MDD) of IL-
35 was 0.21 U/ml.
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Statistical analysis

We used descriptive statistics to describe categorical
(standard
deviation)] variables. Independent sample 7-test or Mann-

(frequencies (%)) and interval [means
Whitney-U test were used to compare interval variables
between the two groups and one-way ANOVA or Kruskal-
Wallis-H test were used for >2 groups. Chi-squared
test was also used to compare categorical data between
groups. Statistical analysis was carried out using IBM
SPSS 23 (Armonk, NY). A P-value <0.05 was considered

as significant.
RESULTS

The final study population included 40 subjects in
each study group. The mean age in RRMS patients,
CIS cases, and controls was 33.88 (8.48), 32.38
(8.20), and 33.13 (7.09) years, respectively (p=0.701).
Six patients (15%) in the RRMS group, 12 patients
(30%) in the CIS group, and 13 subjects (32.5%) in
the control group were male (p=0.154).

Serum level of IL-35 was decreased in RRMS
patients and CIS patients in comparison with healthy
controls, however, correcting for multiple comparisons
showed only a significant difference between RRMS
(2.63%1.1)and control groups (3.41£1.05) (P=0.002)
(Fig. 1). Separating samples based on gender resulted

I I ns

0- - T T
control RRMS clIs

IL-35 Mean concentration U/ml

Fig. 1. Comparison of serum IL-35 levels between RRMS,
CIS and healthy controls. Significantly decreased level of
1L-35 in RRMS patients compared to controls (**p < 0.01).
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Fig. 2. Comparison of serum IL-35 levels between
MS' new cases, healthy controls and other cases.
Significantly decreased level of IL-35 in new
cases compared to other cases (*p < 0.05). Also,
decreased 11-35 serum levels was found in MS new
cases compared to HC (p=0.059).

in the same observations, both in male and female
groups (Table I).

We compared IL-35 serum levels between new
and older cases, new cases, healthy subjects, and
patients receiving different MS medications (Table
II). The mean serum level of IL-35 among new cases
(2.96+1.16) (diagnosed within 6 months prior to
the study) decreased compared to healthy controls
(3.41+1.05) but it was not statistically significant
(P=0.059).However, the mean serum level of IL-35
was significantly higher in new cases (2.96+1.16)
compared with other cases (2.46+1.05)( (p=0.048)
(Fig. 2). There was no statistically significant
correlation between serum levels of IL-35 with either
EDSS (p=0.365) or duration of the disease (p=0.842).

DISCUSSION

In the present study, we found decreased serum
levels of IL-35 among RRMS cases and new cases
compared to healthy controls. These findings are in
line with the protective role of IL-35 in autoimmune
diseases proposed by previous studies. Contrarily, a
study on rheumatoid arthritis (RA) patients showed
higher levels of serum IL-35 in treatment naive
early RA patients compared to the control group
(9). It would suggest that elevated levels of 1L-35
in this condition may be due to a compensatory
mechanism to reduce inflammation. Furthermore,
Jafarzadeh et al. measured serum levels of IL-35 in
140 MS cases (51 untreated and 89 treated patients)
and 140 healthy subjects, and reported higher IL-35
serum levels among treated MS patients compared
to healthy individuals, while no statistically
significant difference was found between untreated
patients and the control group (6). However, higher
levels of IL-35 in treated patients in their study
may be related to the duration of the disease and
the duration of the treatment.

Suppression of T cells by recombinant IL-
35(rIL-35) suggests that IL-35 is needed for maximal
activity of Treg cells. So decreased serum levels of
IL-35 among new cases and RRMS cases in the
present study may be related to dysfunction of Treg
cells in MS patients. Also, the suppressor function
of IL-35 producing regulatory B cells (Bregs) has
been indicated in an animal model of MS (4, 5).
Accordingly, treatment of mice with rIL-35 provided
protection from ocular pathology in experimental
autoimmune uveitis (EAU) by the expansion of
135-Bregs and Treg cells. Therefore, according to

Table 1. Comparison of interleukin-35 serum level between study groups and separated by gender.

Category Interleukin-35 serum level (U/mL) P-value
RRMS CIS Control
All cases 2.63 (1.19) 2.98 (0.90) 3.41 (1.05) 0.002
Gender Male 2.17 (0.39) 3.29 (1.11) 3.62 (1.25) 0.019
Female 2.71 (1.27) 2.85(0.78) 3.31(0.96) 0.008

RRMS: relapsing-remitting multiple sclerosis, CIS: clinically isolated syndrome
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Table II. Comparison of serum levels of interleukin-35 between new cases, healthy subjects, and multiple sclerosis
medications.
Category Mean of Interleukin-35 P-value
New cases level+SD(U/mL)
2.97£1.17 0.048
Other cases 2.46+0.69
New case 2.97+1.17
Healthy controls 3.41+£1.05 0.059
Receiving interferon-beta 2.51+0.70
Receiving other disease modification therapies ~ 3.59+1.43 0.002
Receiving methylprednisolone 2.95 £1.12
Not receiving methylprednisolone 2.38+0.76 0.027
the immunosuppressive nature of IL-35, we may ACKNOWLEDGEMENTS

conclude that theoretically, higher levels of IL-35 is
associated with suppressed autoimmunity.

Receiving methylprednisolone resulted in higher
IL-35 serum levels in the current study and a similar
finding is reported in the clinical studies on MS
patients (6). We observed lower serum levels of
IL-35 following treatment with interferon-beta. In
contrast, Jafarzadeh et al. found higher IL-35 serum
levels in cases receiving interferon-beta and linked
it to the therapeutic effect of interferon-beta (6). The
possible mechanism of interferon-beta can be partly
associated to increase in numbers or/and function
of Treg cells (10, 11). However, Milosevic et al.
found increased FoxP3 expression over 12 months
in responder patients to interferon-beta therapy (12).
Therefore, since the average duration of disease in
MS patients in the present study was less than one
year, the decrease in serum IL-35 level may be due to
the duration of treatment with interferon-beta and/or
lack of response in some patients to interferon-beta
treatment.

Overall, our data further support an involvement
of [L-35 in the pathogenesis of MS, however, further
studies are needed to uncover the overall mechanisms
that IL-35 exerts the regulatory function in MS
patients.

We want to thank the vice-chancellor for Research
and Technology of Isfahan University of Medical
Sciences for funding this project (grant number:
195105).
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This article is to investigate the association between C677T polymorphism of 5,
10-methylenetetrahydrofolate (MTHFR) gene and congenital heart defects (CHD). Two hundred thirty-five
nuclear families (father, mother and child) with CHD were enrolled in the study (experimental group), and
two hundred thirty-five healthy nuclear families were selected as a control group. Under the case-control
study, the C677T polymorphism of MTHFR gene was detected with polymerase chain reaction-restriction
fragment length polymorphism and DNA sequencing. The distribution of genotype frequency in the CHD
group and control group were analyzed. SPSS 13.0 software was used to analyze the data. The distribution
of genotype frequency at C677T polymorphism site was significantly different between the CHD group
(including ventricular septal defect, atrial septal defect, tetralogy of fallot, double outlet right ventricle,
patent ductus arteriosus) (child and mother) and healthy control group (child and mother). There were
no differences between CHD group-fathers and healthy control group-fathers. Analyses of the MTHFR
genotypes of CHD nuclear family data with transmitted disequilibrium test (TDT) and haplotype-based
haplotype relative risk statistical method both revealed significant indications that the parents transmitted
more T allele of MTHFR to their CHD children. TT genotype of MTHFR gene is associated with CHD, and
a mother or a child with T allele has a much higher risk of CHD.

To the Editor,

Congenital heart defects (CHD) are the
most common structural birth defects, affecting
approximately 8-10 of every 1,000 live births.
The aectiology of non-syndromic CHD is
complex, involving both genetic, epigenetic,
and environmental risk factors. Periconceptional
exposure to folic acid and multivitamins containing
folic acid may modulate the maternal risk of CHD-
affected pregnancy. In China, CHDs represent the
third cause of death in children under one year of

age. It is widely accepted that the impact of folic acid
intake on pregnancy outcome is modified by variants
in both maternal and fetal genes that code for critical
enzymes in the folate and homocysteine pathways
(1-2). The methylenetetrahydrofolate reductase
(MTHFR, NM 005957) gene encodes for the enzyme
that catalyses the conversion of 5, 10-methylenete-
trahydrofolate to 5-methyltetrahydrofolate. Two
single nucleotide polymorphisms (SNPs) in MTHFR,
677C-T (rs1801133) and 1298A-C (rs1801131), are
associated with decreased enzyme activity. This
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study conducted a case-parent analysis of children
with CHD and their parents, ascertained through a
population-based birth defect registry. The present
study examined the independent and interactive
impact of the maternal and fetal MHTFR 677C-T
SNPs and their haplotypes on the risk of CHD.

MATERIALS AND METHODS

Two hundred thirty-five nuclear families with CHD
and 277 healthy nuclear families were selected from the
Children’s Hospital of Zhengzhou City (Zhengzhou, Henan
Province, China). The study was approved by the Ethics
Committee of the Hospital. All the subjects were adequately
informed of the study, and voluntarily signed consent to
participate. In cases of children of deceased parents, informed
written consent was given by the family or guardian. All
patients had isolated anomalies. No cross-over lesions were
found. In all cases, diagnoses were confirmed by standard
imaging procedures (color-coded echocardiography, heart
catheterization). Both groups were identified consecutively,
and no other factors were used in their selection.

MTHFR gene detection

Three mL of peripheral blood was placed in a tube
with ethylene diamine tetraacetic acid. DNA extraction
was performed using saturated phenol. The quantity and
purity of DNA were verified by spectrophotometry and
gel electrophoresis on 1% agarose stained with SYBR
Gold (Invitrogen). Fifty nanograms of DNA was used
for polymerase chain reaction (PCR), and subsequently,
enzymatic digestion of the PCR product was separated by
electrophoresis on a 3% agarose gel.

PCR wasadoptedto detectthe MTHFR genotype. The study
was carried out to identify the presence of 677C-T mutation as
described by Frosst et al. (3). Agarose gel electrophoresis was
utilized to detect the genotypes. The mutation 677C-T created
a Hinfl recognition sequence, and the product was digested
into 175 bp and 23 bp fragments. The products of restriction
digestion were separated on a 3% agarose gel and visualized
by SYBR Gold staining. Genotypes of all individuals were
noted as CC: 198 bp; CT: 198 bp, 175 bp, 23 bp; and TT: 175
bp, 23 bp. The PCR products were separated by 1% agarose
gel electrophoresis and the polymorphism fragments were
purified with the Wizard PCR Min-Prep Kit (Promega) and
Protocol-SK 13 1(Sangon, Shanghai, China).

H-L. WANG ET AL.

Statistical analysis

CHD nuclear families and healthy nuclear families were
tested independently for Hardy-Weinberg (HW) equilibrium
using the exact test implemented in Stata’s GENHW
command. Data were analyzed using Hardy-Weinberg
distribution for all genotypes and alleles (4-7). Comparisons
between groups were performed using Student’s z-test for
continuous variables and y? for categorical variables. Results
were presented as odds ratio (OR) with 95% confidence
interval (95% CI), and p<0.05 was considered statistically
significant.

The transmission disequilibrium test (TDT) was
used to test for allelic associations resulting from linkage
disequilibrium between a CHD punitive disease locus and
the C677T polymorphisms and also to test for the parent
of origin effects. Because the TDT was invalid when data
from ambiguous parent-child dyads were excluded, only
unambiguous parent-child dyads are included. The TDT
tests were carried out using the exact TDT implemented in
the Stata program SYMMETRY.

RESULTS

Restriction analysis and sequencing

The substitution created a Hinfl recognition
sequence which digested the 198 bp fragment into
175 and 23 bp fragments; the latter fragment had
been run off the gel. All three possible genotypes are
shown in Fig. 1. Sequencing results are in Fig. 2.

Hardy-Weinberg genetic balance test

Two hundred seventy-seven healthy nuclear
families were eligible for the study, MTHFR gene
677 site genotype was in agreement with the test of
Hardy-Weinberg balance (HWE; P>0.05) (Table I).

Genotype frequencies

The control group was composed of 277 normal
nuclear families, and the experimental group of 235
nuclear families (fathers, mothers and children) with
CHD. In the experimental group there were 128 cases
of ventricular septal defect (VSD), 34 of atrial septal
defect (ASD), 36 of tetralogy of Fallot (TOF), 20
of double outlet of right ventrical (DORV), and 17
of patent ductus arteriosus (PDA). According to the
statistical analysis, the 677 TT genotype frequencies
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of the five MTHFR genes (VSD 43%, ASD 44%,
TOF 44%, DORV 70%, PDA64%, respectively) in
the experimental group were higher than those in
control group (24.0%)(P<0.05) (8). The frequencies
of each allele, individual genotype, and combined
genotype, assuming either a dominant or recessive
mode of inheritance for CHD cases and their parents,
are presented in Table II.

The statistical analysis showed no significant
difference between experimental group and control
group mothers for MTHFR gene CT genotype, the TT
genotype frequencies of MTHFR gene (in addition to
ASD) in the experimental group mothers was higher
than those in the control group, and in the experimental
group mothers, the frequency of TT genotype was
significant higher than CC genotype (Table III).

In this case-control study, parents’ chromosome

Maker CT CC CcC

1257

allele transfer to CHD patients for cases, and
extragenetic allele of CHD for comparison; Table
IV shows that the transmission of 677T allele
from heterozygous case parents to CHD affected
offspring. There was on evidence of distortion of the
677T allele in the informative transmissions.

DISCUSSION

The 677 TT genotype of MTHFR gene in
chidren with structural CHD has an impact on the
embryonic development of commonly observed
congenital malformations such as neural tube defects
or oral clefts (9). Consistent with this hypothesis,
the frequency of TT variant is significantly higher
in children with CHD (18.4%) than in healthy
controls (9.2%). The frequency of the homozygous

CT TT CT TT

Fig. 1. Sequence change and restriction enzyme analysis for the alanine to valine substitution. Wild type CC-/-, homozygous

mutant TT+/+, heterozygous type CT+/-.

Fig. 2. The result of MTHFR C677T gene sequence. A) CC genotype; B) CT genotype,; C) TT genotype.
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Table 1. Statistical test for H-W equilibrium in the control group.

Genotype
CcC CT TT x? P
observed value 88 126 63 1.21 0.17
expected value 82.3 137.4 57.3

Table I1. Allelic distribution and genotype of the 677C-T polymorphism of the MTHFR gene in cases and controls.

Gene frequency (%)
CC CT TT 1 P OR(95%CI)
Children control 38 126 63
VSD 17 56 55 17.34 0.00003 2.559 (1.954~4.111)
ASD 5 14 15 7.36  0.006 2.682 (1.212~5.917)
TOF 6 14 16 7.95 0.005 2717 (1.254~5.876)
DORV 2 4 14 20.02  0.0000 7.926 (2.702~24.248)
PDA 2 4 11 13.85 0.0001 6.288 (2.027~19.821)
Mother control 82 129 66
VSD 19 58 51 10.93  0.0009 2.117 (1.318~3.401)
ASD 10 14 10 0.51 047 1.332 (0.562~3.104)
TOF 3 18 15 529 0.02 2.284 (1.049~4.949)
DORV 3 5 12 12.60 0.0004 4.795 (1.733~13.504)
PDA 4 5 8 459 0.03 2.842 (0.952~8.438)
Father control 79 136 62
VSD 38 60 30 2.51 0.11 1.066 (0.629~1.803)
ASD 12 13 9 0.25 0.62 1.254 (0.513~2.999)
TOF 10 16 10 0.52 047 1.340 (0.568~3.101)
DORV 6 6 8 321 0.07 2.323 (0.824~6.447)
PDA 5 6 4 0.15 0.70 1.267 (0.327~4.511)

TT genotype in healthy controls is no different
from data recently published, and which represents
the prevalence in the German population Subgroup
analysis. Our data revealed the highest prevalence
of the TT genotype in patients with pulmonary
valve stenosis, hypoplastic left heart syndrome,
coarctation of the aorta, and aortic valve stenosis/

subaortic stenosis (38-67%). It has been shown by
other authors that periconceptional multivitamin
administration could reduce the risk of conotruncal
heart defects such as transposition of the great
arteries or tetralogy of Fallot. However, the absolute
number of patients investigated in subgroups of
specific cardiac lesions is rather small, so that
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Table II1. The comparison of mother MTHFR genotype.

gene frequency (%)
cc CT TT X2 P

control 82 129 66

VSD 19 58 51 0.06 0.81
ASD 10 14 10 0.35 0.55

TOF 3 18 15 0.15 0.70
DORV 3 5 12 3.5 0.06

PDA 4 5 8 1.9 0.17

Table IV. The TDT comparison of CHD nuclear families.

CHD parents not genetic equilibrium allele

CHD parents genetic equilibrium allele frequency

frequency C T total
C 78 129 207
T 89 174 263

a definitive statement concerning the benefit of
multivitamin administration for a specific genotype
and in particular CHD cannot be given at the moment
(10). These results show a possible association
between genotype 677T/T of the MTHFR gene in
Chinese women with the presence of complex CHD
in their offspring. This finding is significant for
approximately 2,800 children born with CHD each
year in China, and early identification of risk groups
helps to decrease the complications that often occur
in these patients.

In conclusion, the data suggest that the MTHFR
677TT genotype in the embryo is significantly
associated with the development of structural
congenital heart malformation during early
pregnancy. It remains to be clarified whether this
genotype is at least a risk marker or a risk factor
for structural congenital heart malformations (11-
12). Moreover, further studies are required to clarify
whether genotype-specific periconceptional use of

folate supplementation reduces the rate of specific
structural CHD.
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Electronic noses (e-noses) are a cheap and easy method for exhaled Volatile Organic Compound
(VOC)-analysis which has shown its potential in several diseases. Before obtaining a full validation of
these instruments in clinical settings, a number of methodological issues still have to be established. We
aimed to investigate a potential influence of circadian variation on VOC-profile analyzed by an e-nose
in healthy subjects. We enrolled 22 adults free of any known diseases. A sequence of exhaled breath
samplings were performed on all participants at predetermined hours (7am, 12pm, 17pm, 23pm) and
analyzed by an e-nose (Cyranose 320). According to Principal Component Analysis, significant circadian
variations of the exhaled VOC-profile were shown for Principal Component (PC) 1 and 3. In detail,
PC1 and PC3 values were significantly higher in the morning compared to the afternoon and evening
(for all parameters p<0.05). Successive Linear Discriminant analysis confirmed the findings above. The
daily variations in VOCs-profile, with the peak in the morning, could be relevant for future clinical

applications, especially in the choice of optimal time for sampling patients.

To the Editor,

Over 3,000 endogenous and exogenous volatile
organic compounds (VOCs) are emitted during
each breath (1). Since the level of endogenous
VOCs can be altered by any inflammatory and/or
impaired metabolic processes, their potential use as
biomarkers for clinical purposes has been suggested
in recent years (1).

The measurement of the exhaled breath Volatile
Organic Compounds (VOC)-profile by electronic
nose (e-nose) has been proposed as a promising tool
in the diagnosis and monitoring of several respiratory
diseases due to its non-invasiveness, cost-effectiveness
and ease of use (2). In particular, various investigations
have shown the potential for applying exhaled VOCs-

profiling in lung cancer, respiratory infections, and
obstructive lung diseases (2). When performing this
type of analysis, it is essential to identify and correct
any possible source of signal interference, as being
potentially confounding factors (i.e. hypoxia, smoke
and comorbidities) (3-4).

Although a European Respiratory Society task
force has recently established, recommendations
for VOC-analysis concerning standardization of
sampling, analyzing and data reporting, a complete
validation is still lacking in order to reach clinical
practice. Among the internal variables, human
biorhythm is one of the as-yet unstudied factors that
may affect exhaled VOC-composition.

It is well known that human physiology is

Key words: exhaled breath, volatile organic compounds, electronic nose, circadian rhythm
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profoundly modulated by the circadian biological
clock synchronized with time of day (5) and its
alteration leads to important consequences for
human health and disease (5).

For the above reason, in the current study we
aimed to investigate the likely circadian variations
of exhaled VOC-profile in healthy adults analyzed
by an e-nose.

MATERIALS AND METHODS

A total number of 22 healthy, never-smoking, with a
negative anamnesis of chest symptoms and any known
diseases (e.g. respiratory disorders, diabetes mellitus,
neurological dysfunctions, cardiac impairments, renal
diseases, autoimmune conditions and all neoplasms)
were included in the study. Age range was 25-62 years.
All the participants were volunteers and were enrolled
from hospital members. A sequence of exhaled breath
measurements were performed on all individuals at
predetermined hours (7am, 12pm, 17pm, 23pm). None
of the subjects reported upper or lower respiratory tract
infection in the four weeks before sampling. Lung function
was obtained for all individuals. Subject characteristics
are described in Table I.

The local Ethics Committee had previously approved
the study (protocol number 46403/15) and an informed

Table 1. Clinical characteristics of the study population.

Total cohort

Subjects (n.) 22

Mean age (y.) 40.1£13.8
Sex M\F (n.) 10\2
BMI (kg/m2) 24.8+3.7
FEV1%pred. 101.3+3.6
FVC%pred. 100.4+8.8
(ex)-smokers(n.) 0
comorbidities(n.) 0

Values are intended as mean+SD

V. LIOTINO ET AL.

consent form was signed by all participants.

Study design

We performed a longitudinal study. The measurements
were performed at four separate visits within one day,
based on predefined hours. Participants could not eat or
drink (except water) in the 2 hours before the tests, or
perform vigorous physical activity. Exhaled breath was
collected and closely analyzed by the e-nose.

Electronic nose

A Cyranose 320 (Sensigent, USA) was used for breath
profiling. It is based on a nano-composite set of 32 organic
polymer sensors. The polymers swell when are exposed
to VOCs mixtures, leading to an increase of electrical
resistance. Operating parameters were the following:
Sampling time: 607, purging time 2007, temperature
42°C.

Lung function testing

A lung function technician performed flow-volume
spirometry (MasterscreenPneumo, Jaeger, Wurzburg,
Germany) on all participants during a separate visit.
Forced expiratory volume in one second (FEVI1) and
forced vital capacity (FVC) were collected.

Exhaled breath collection.

Measurements were performed always in the same
room with stable temperature and humidity rate. By
wearing a nose-clip, all subjects performed 5 min tidal
volume wash-in through a two-way non-rebreathing valve
(Hans Rudolph 2700, USA). An inspiratory A2 VOC-
filter (North Safety, Netherlands) capable of filtering over
99% of environmental VOCs was connected to the valve.
Afterwards, subjects were asked to exhale one vital capacity
volume into an inert bag (Tedlar). Finally, the filled bag was
sampled by the e-nose within 5 min from collection.

Statistical analysis

Statistical calculations were performed by SPSS 16.0
(SPSS Inc., Chicago, USA). Initially, principal component
analysis (PCA) was performed in order to reduce raw
data based on sensor responses. Principal components
(PCs) were set based on their initial Eigen values and
the top 3 (PC1, PC2 and PC3) were selected for further
investigations. Repeated-measures ANOVA on principal
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components was applied to examine whether circadian
rhythm could modify the breathprints of our population.
Least significant difference (LSD) was used as post hoc
test. Furthermore, we used linear canonical discriminant
analysis to classify cases into categorical divisions and
the cross-validated accuracy percentage (CVA, %) was
calculated with the “leave-one-out method” for internal
validation.

Pearson correlation, multivariate linear and logistic
regression were used to assess relations between PCI,
PC3 and clinical parameters.

We estimated our sample size according to earlier
investigations (6). In detail, we based sample size by
limiting the standard error lower than 10%. If we consider
80% accuracy, our sample size was sufficient for the
current study. Finally, we considered as statistically
significant a p value <0.05.

1263
RESULTS

By performing PCA, we selected the following
principal components: PC1 (81.9% of the total
variance), PC2 (10.2% of the total variance) and PC3
(2.3% of the total variance). ANOVA was performed
on the aforementioned PCs. We observed significant
modifications of the exhaled VOC-spectrum over the
circadian rhythm for PC1 and PC3 (p<0.05 for both).
In detail, PC1 value was higher during morning
time and noon compared to the afternoon (for all
parameters p<0.05, Fig. 1). By observing analysis
on PC3, a significant increase was shown in morning
time compared to noon and evening time (for all
parameters p<0.05, Fig. 1). Analysis on PC2 did
not reach the statistical significance. These findings
were reflected when performing subsequent linear

Table 1. Discriminant analysis with cross-validated valuesamong all hours of measurement.

Jamvs 12pm | 7amvs [7pm | 7am vs 23pm | 12pm vs [7pm | 12pm vs 23pm | 17pm vs 23pm
Cross-
Validated 56.8 63.6* 62.4%* 65.9* 523 56.8
Value
*0<0.05
i i = 1 41 lo—l
X%
pc1 0
| PC3 0 N j|; I :|:
| L J
7 I’\M 12 ‘pM 17 Ip|\/| 23'pM 7 ;\M :I.ZVPM 17 ‘PM 23IPM

Fig. 1. Changes of Principal Component 1 (left) and 3 (right) in relation to circadian rhythm. Data are expressed as
mean £ SD. *7am vs 12pm, p=0.033 ; ** [2pm vs 17pm, p=0.013; ° 7am vs 12pm, p=0.023 ; °° 7am vs 17pm, p=0.013
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discriminant analysis (Table II).

We performed Pearson correlation, multivariate
linear and logistic regression, showing no
relationship between PC1, PC3 and any of the
following parameters: FEV1, BMI, age and gender

(p =ns).
DISCUSSION

To our knowledge, this is the first investigation
specifically addressed on e-nose exhaled biomarkers
in relation to circadian variations in a carefully
checked healthy population.

A significant circadian rhythm was previously
reported on exhaled nitric oxide (eNO) (7-8). In
particular, Antosova et al. observed a peak of eNO
at 10am and detected the lowest value at 10pm
(7). Moreover, Mattes et al. showed a decrease in
eNO levels at 10pm with an increase after lam,
peaking at 7am (8). Another study by Olopade et
al. reported overnight elevation in FENO in healthy
volunteers (9). Diurnal variability has also been
shown for exhaled breath condensate hydrogen
peroxide levels in healthy subjects and patients with
chronic obstructive pulmonary disease (COPD) (10).
Moreover, Carpagnano et al. analyzed the effect of
circadian rhythms on Exhaled Breath Temperature
measurements, demonstrating significant differences
between 08.00 and 12.00am and between 4.00 and
8.00pm (11). Regarding exhaled VOCs, specific
daily-patterns of ammonia in breath were detected
(12). Interestingly, King et al. showed significant
variations in acetone and isoprene (13) during sleep.
Furthermore, by real-time breath metabolomics,
Martinez-Lozano et al. showed up to 50 features
with significant circadian variations in the breath
of all individuals (14). By using our same e-nose,
Kunos et al. analyzed overnight changes and found
no difference between the evening and following
morning VOC levels in healthy subjects (15).
Additionally, as a secondary aim, other authors
have investigated the within-day variability of the
data in disease and in health (6, 15-17), showing
reproducible results.

We must disclose several limitations of our
study. First, we chose the sampling hours arbitrarily

V. LIOTINO ET AL.

and we do not have measurements from 23pm to
7am and therefore may have missed important
information. Further investigations should also
include “after-midnight” sampling. Second, 22
subjects is a relatively small sample size, although
being adequate in our pilot investigation, warranting
further larger studies also including an external
group of validation.

Third, it is well known that e-noses do not identify
specific VOCs. In order to do so, future investigations
should be accompanied by Gas Chromatography
and Mass Spectrometry (GC-MS) or other chemical
analytical procedures. Fourth, we did not register
subjects’ meals among measurements and we are
aware that this may have influenced our data. Fifth,
our study lacks multiple inter-day measurements
at the same time intervals. Further studies are
warranted in order to eliminate the measure bias due
to circadian changes in VOC concentrations.

According to our results, we observed an increase
of PC1 and PC3 in morning time compared to
other hours of the day. This is in line with previous
reports with nitric oxide (7-8), suggesting a different
metabolic activity during daybreak hours. By a pure
data observation, we may hypothesize that PC1 and
PC3 trend is similar to that of cortisol, whose levels
build up overnight to reach a peak in the morning
and then decline slowly throughout the day. Specific
investigations are required to reveal the mechanisms
behind the above, which are still unknown to date.

Based on the present results we can conclude that
the circadian variation in VOCs-mixtures may be
important for diagnosis and monitoring of patients
with several respiratory diseases and their controls.
It appears to be warranted to select the optimal time
for e-nose measurements and perhaps to maintain
the same time during all the monitoring procedures.
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Snoring is a very common human habit, and for this reason it is considered more a social nuisance
that a disease symptom. The nasal valve area has the minimal cross-sectional area of the upper airways.
A problem at this level may easily induce impaired breathing and consequently snoring, therefore nasal
dilation might significantly improve this complaint. Nas-Air® is a new internal nasal dilator which was
tested on 41 outpatients who snore. Snoring duration, assessed by smartphone, visual analogue scale for
the perception of sleep quality were measured before and during Nas-Air® use. A significant reduction of
snoring time and an improvement of sleep quality were achieved during Nas-Air® wearing. In conclusion,
the present study demonstrates that Nas-Air® is an internal nasal dilator able to reduce snoring time and

improve sleep quality.

To the Editor,

Snoring is the most common human habit,
and for this reason it is considered more a social
nuisance that a disease symptom (1). In fact, snoring
prevalence is very high and increases with increasing
age. In young adults, snoring affects from 5% of
females to 20% of males; in elderly people, snoring
affects from 40% of females and 60% of males.
Moreover, the relevance of nasal obstruction in
modifying breathing during sleep as well as daytime
behaviour is very old. Since the XIX century, it has
been reported that nasal obstruction is associated
with disturbed sleep, insomnia, and intellect and
memory impairment. In the nose, there is about half
of the total respiratory resistance to airflow passage.
A direct relationship exists between increased nasal

resistance, due to nasal obstruction, and obstructive
sleep breathing. In this regard, the nasal valve area
has the minimal cross-sectional surface.

Sleep-disordered breathing can be divided into
simple snorer, sleep apnea syndrome, and upper
airway resistance syndrome.

The pathogenic mechanisms for snoring
occurrence are characterized by high-frequency
oscillations of the soft palate as well as the pharyngeal
walls, epiglottis, and tongue. These oscillations
alternately occlude and open a narrowed airway. Even
though the nose is not the site of sound generation,
there is evidence implicating nasal obstruction as
a causative factor in breathing disturbances during
sleep. Other reports have shown that increasing nasal
patency improves snoring (1, 6).

Key words: snoring, nasal valve, obstruction, internal nasal dilator, Nas-Air®
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The internal nasal valve, the narrowest portion
of the nasal cavity, is formed by the junction of the
upper lateral cartilages with the nasal septum. The
normal angle between these 2 structures ranges
between 10° and 15°. The nasal valve offers the
greatest resistance to nasal airflow. The narrower
the site, the more vulnerable it is to pathologic
nasal obstruction. The most important and common
reasons for nasal obstruction are due to nasal valve
abnormalities which may result from either dynamic
or static problems. Despite these facts, nasal valve
collapse is a frequently overlooked cause of nasal
obstruction. In particular, the normal airflow through
the nasal valve depends on the Bernoulli principle
and Poiseuille law. The Bernoulli principle states
that as the flow of air increases through a fixed
space, the pressure in that space decreases. If the
decrease in pressure overcomes the inherent rigidity
of the flexible nasal sidewall, collapse can occur,
resulting in obstruction. Clinically, the collapse
of the nasal sidewall during inspiration is termed
dynamic obstruction. Pouseille law states that the
flow is inversely proportional to the fourth power
of the radius, which means that small decreases in
the radius of a space have dramatic impacts on the
flow of air through the nose. In the clinical setting,
an anatomically narrowed portion of the nasal valve
is defined as a static obstruction.

The management of snoring includes careful
evaluation and correction of wupper airway
obstruction. Septoplasty alone or associated with
lateral osteotomies did not increase nasal air flow,
but correction of a narrowed nasal valve created a
2.5-fold reduction in nasal respiratory resistance (2).
Even in the presence of septal deviation, the airflow
may be improved with repair of an obstructing
nasal valve. Therefore, it has become evident that
the evaluation and correction of the collapsed nasal
valve in a patient with nasal obstruction is essential.
The therapeutic modalities that increase the nasal
valve area and strengthen the lateral wall of the nose
help to improve nasal patency. A number of surgical
techniques have been described to increase the
nasal valve area. The most frequently used method
involves the use of spreader grafts. However, a
potential alternative to surgical procedures may be
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represented by the mechanical nasal alar dilators.
The nasal dilators can be classified as external
and internal (3). Many studies have explored the
possibility of relieving snoring by wearing these
dilators.

For the aforementioned reasons, we aimed to
investigate whether a new internal nasal dilator
(Nas-Air®) may be able to reduce snoring in a group
of outpatients.

MATERIALS AND METHODS

The present study was designed as open and recruited
a group of 41 outpatients who snore. It was conducted in a
real-world setting, such as otolaryngologist clinics.

Inclusion criteria were adult age and snoring history
in the past month. Exclusion criteria were: anatomical
clinically relevant problems (e.g. very severe septal
deviation and/or turbinate hypertrophy, such as grade IV),
obstructive sleep apnea syndrome, disorders and current
medication potentially able to interfere with the findings.

The  outpatients underwent  otolaryngologist
examination, including anterior rhinoscopy. The Nas-Air®
was given with appropriate instruction for its use. Briefly,
this internal nasal dilator should be applied into the nose
at bedtime. All patients gave informed, signed consent to
participate in the study.

Snoring assessment was performed by the app “Do 1
Snore®” using a smartphone and recorded at home during
the sleep. This app measures the time of snoring during
sleeping. Patients were instructed to measure snoring the
first 2 nights (without Nas-Air®) and the further 2 nights
(with Nas-Air®).

During the otolaryngological visit, the following
parameters were considered: age, gender, body mass index
(BMI), Nasal Valve Obstruction, according to validated
criteria (4), turbinate size, septal deviation, tonsil size.
Turbinate and tonsil size were assessed by ranging from
0 (= normal size) to 4 (= maximal size) according to
validated criteria (5).

Subjective parameters were evaluated by the patients
at baseline, such as before using Nas-Air®. They include
nasal obstruction, sleep quality, and olfaction; they were
measured by a visual analogue scale (VAS). VAS score
for nasal obstruction ranged from 0 (= completely blocked
nose) to 10 (= completely patent nose); VAS score for
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olfaction ranged from O (= no smell) to 10 (= optimal
smell); VAS score for quality of sleep ranged from 0 (=
worst sleeping) to 10 (optimal sleeping). In addition, VAS
was used for assessing the satisfaction for the Nas-Air®
(0= bad; 10= best). Sleep quality VAS was recorded by
the patients at baseline, after the 2 nights without Nas-Air,
and after the 2 nights with Nas-Air®.

Overweigh/obesity was considered according to WHO
definition as body mass index > 25 (http://www.who.int/

mediacentre/factsheets/fs311/en/ last accessed March 29" 2018).

Demographic and clinical characteristics are
described using means with SDs for normally-distributed
continuous data and absolute frequencies and percentages
for categorical variables. Any statistically significant
difference between or among mean values of each
continuous variable was evaluated with the Paired #-test
(comparisons between two groups) or the Repeated
Measures ANOVA (comparisons among three groups),

Table 1. Demographic and clinical data of outpatients at baseline.

Age (years) [mean (SD)]

48.29 (13.03)

Gender (m,f) [No. (%)]

32m (78.05%), 9 (21.95%)

BMI (kg/m?) [mean (SD)] 26.87 (4.28)
Normal (18.5<BMI<25) [No. (%)] 10 (24.39%)
Overweight/obesity (BMI>25) [No. (%)] 31 (75.61%)

Allergy [No. (%)] 12 (29.27%)

Nasal Valve Obstruction [No. (%)]

No 19 (46.34%)
Monolateral 8 (19.51%)
Bilateral 14 (34.15%)

Turbinate Hypertrophy [No. (%)]

Grade 0 7 (17.07%)
Grade I 11 (26.83%)
Grade 11 21 (51.22%)
Grade III 2 (4.88%)

Septal Deviation [No. (%)]

No blocking

32 (78.05%)

Blocking

9 (21.95%)

Tonsil Hypertrophy [No. (%)]

Absent 5(12.20%)
Grade I 22 (53.67%)
Grade II 11 (26.83%)
Grade III 3(7.32%)
VAS nasal obstruction [mean (SD)] 5.56 (2.43)
VAS olfaction [mean (SD)] 7.78 (2.73)
VAS sleep quality [mean (SD)] 5.98 (2.54)
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followed by Bonferroni’s Multiple Comparison Test as
post-hoc test, respectively. Chi-squared test or Fisher’s
exact test, in case of expected frequencies lower than
5, was used to compare frequencies. Correlations were
evaluated with Pearson correlation coefficient. Statistical
significance was set at p <0.05, and the analyses were
performed using GraphPad Prism software, (GraphPad
Software Inc, CA, USA).

RESULTS

Table I reports the demographic and clinical data
of the outpatients during the otolaryngological visit.

The application of Nas-Air® significantly reduced
snoring time (expressed as % snoring during the
nighttime) from 36.80 (£16.42) % before application
to 23.00 (+14.77) (p<0.001) and 23.54 (+15.70)
(p<0.001) after one or two nights of using Nas-
Air®, respectively (Fig. 1). No statistical significant
difference was found between snoring percentage
detected during the first night and the second night
with Nas-Air® (p=NS). In addition, the frequency of
patients with reduced snoring after having used Nas-
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Air® for one or two nights was similar (p= 0.48).

The evaluation of Nas-Air® liking by VAS
demonstrated that it was well tolerated, the VAS
score being 6.32 (2.17). Nas-Air® liking VAS score
was higher for patients with a normal weight as
compared to overweight/obese patients, being 7.60
(0.56) and 5.90 (0.39), respectively (p=0.0299).

Sleep quality VAS score significantly improved
after having used Nas-Air®, being 5.98 (2.54) before
and 7.32 (1.98) after use (p = 0.0012) (Fig. 2), and
moderately correlated with Nas-Air® liking VAS
score (Pearson r = 0.476, p = 0.002) (Fig. 3).

DISCUSSION

Snoring can be a very disturbing complaint for
a good social and family life. In fact, the partner of
the snorer in a relationship is the one who suffers
the most from these nightly noises in the beginning.
However, during the following years also the snorer
becomes aware of his/her problem. So, he/she wakes
himself up, gets a dry throat, and is sleepy and tired
in the morning.
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Fig. 1. Snoring (expressed as % snoring during the nighttime) before and after the application of Nas-Air® for one or two

nights. Horizontal bars represent mean values.
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From a pathophysiological point of view, the nasal
valve area represents the narrowest passage in the
respiratory tract, causing more than half of the total
resistance to nasal respiration in a healthy subject.
In this regard, the proportional ratio between the
cross-sectional area of the nasal valve and the bony
piriform aperture is about 1:1.4. The cross-sectional
area surfaces vary in the nasal cavity: in the nasal
valve it is about 30 mm?, in the middle of the cavity is
120 mm?, and in the rhinopharynx is approximately
150 mm?. After mechanical dilation the nasal airflow
can increase up to 25%; interestingly, this change is
comparable with that observed after decongestant
use. In fact, with the dilator, the cross-sectional
respiratory area increases; according to the Poiseuille
law for laminar fluid-flow (Ap=l/d", n=4), a small
increase in the diameters (d) and the area is able to
significantly reduce the pressure (Ap). Furthermore,
the intrathoracic pressure can be halved (from 4 to
2 ¢cm of H,0) after dilating the nostrils. Therefore,
less energy is necessary for the respiratory muscles
to inhale the same quantity of air.

Many disorders may result in pathologically
narrow upper airways, including adenotonsillar
enlargement, cancers, chronic rhinitis, traumatic or
congenital anatomical defects and so on. In particular,
nasal obstruction represents the most common
cause for snoring (6). Nasal valve obstruction is
the crucial point for snoring pathogenesis. Many
studies investigated the role of the nasal valve and
its subjective and objective measurement (7, 8).
However, in clinical practice the most important
parameter is the snoring perception of the partner
and/or of the patient.

From a therapeutic point of view, mechanical
dilation of the nasal valve is the best non-surgical
approach in snorers. Many dilators exist, both
external and internal. Several studies investigated
their efficacy and most of them were positive (9-
12). The current study therefore investigated the
efficacy of a new internal nasal dilator: Nas-Air®.
Interestingly, about 90% of patients achieved a
significant improvement of the sleep quality and
there was a significant reduction of snoring time.

However, this study has some limitations,
including the open design, the limited number of
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enrolled patients, the lack of a follow-up, and the
absence of validated objective parameters. Therefore,
the current experience should be confirmed by
further studies designed according to more robust
methodology.

In conclusion, the present study demonstrates that
Nas-Air® is an internal nasal dilator able to reduce
snoring time and improve sleep quality.
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Mesenchymal stem cells (MSCs) are found in high concentrations in several tissues, such as umbilical
cord, adipose tissue and dental tissue. Dental stem cells reside in many areas of the oral cavity. Thanks to
their abilities, dental stem cells could be used to treat diseases and to understand the basic mechanisms
of developmental pathologies. There are currently numerous ongoing clinical trials evaluating a broad
spectrum of conditions and situations using different stem cell populations. However, stem cell studies
are raising profound ethical questions that weigh on the world of scientific research. Stem cells are always
a hot topic in the scientific community. Their use is related also to their banking, as cell manipulation is
also often related to medical and ethical issues. Many biomedical studies aim to treat diseases that were
previously considered incurable with MSCs. All this has created the need to quickly and safely storage
stem cells, usually in a stem cell biobank (SCB). Regenerative medicine is the most important approach
for achieving complete tissue regeneration using stem cells isolated from adult tissues, embryonic
stem cells, but also through the application of induced pluripotent stem cells (iPSC). iPSCs are non-
pluripotent cells that are engineered to acquire the ability to differentiate into all different types of
cells. In conclusion, the daily use of stem cells in regenerative procedures is still far from being safe and
predictable, especially because of the biomedical component, often requiring experienced biologists and

complex technologies for cell manipulation and cell banking.

To the Editor,

Stem cells are undifferentiated cells, capable of
transforming and dividing into multiple cell lines.
Mesenchymal stem cells (MSC) are present in high
concentrations in several tissues such as umbilical
cord, adipose tissue and dental tissue (1).

Dental stem cells reside in many areas of the oral
cavity. In 2000, Gronthos et al. first hypothesized that
the dental pulp of permanent teeth could be a source
of mesenchymal stem cells. They demonstrated
the presence of a certain cellular population within
the adult human dental pulp which appears to be
clonogenic, highly proliferative and capable of
regenerating tissue, thus defining it as a stem cell
population called DPSC (2). Later, Tatullo et al.

showed that these dental pulp stem cells (DPSC)
can have numerous and varied applications in
regenerative medicine of tooth structures (3, 4).
Following the discovery of the DPSC, a study
conducted by Miura et al. showed that the residual
dental pulp derived from human exfoliated deciduous
teeth contains a population of multipotent stem cells
(SHED). Deciduous teeth can therefore be considered
as an ideal resource for stem cells to repair damaged
dental structures, induce bone regeneration, and
possibly to treat neural tissue lesions or degenerative
diseases (5). The periodontal ligament (PDL) has
been identified as a further source of mesenchymal
stem cells (PDLSCs). In fact, several researchers
demonstrated after the surgical extraction of human
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molars that the periodontal ligament contains stem
cells capable of generating, in vivo, tissues such as:
dental cementum, periodontal ligament and alveolar
bone. After the isolation and characterization of the
first oral-derived stem cells, several studies were
carried out on the role of the environment, also
defined “cell niche”, on such dental-derived MSCs; in
fact, specific tissues have demonstrated their ability
to influence the differentiation of mesenchymal stem
cells towards specific lineages, and the same ability
has been also investigated on decellularized scaffolds
where dental stem cells were cultured (6, 7).

Mesenchymal stem cells have also been isolated
from the dental follicle, an ectomesenchymal tissue
that surrounds the developing tooth germ. These cells
are known as DFPC and give rise to cementoblasts,
periodontal ligament cells and osteoblasts (4). The
apical papilla also has multipotent mesenchymal
stem cells expressing various MSC markers. They
are known as SCAP and are able to form odontoblasts
and produce in vivo dentin (6-8).

In 2013, Marrelli et al. isolated for the first
time mesenchymal stem cells from periapical
cysts (hPC-MSC). HPC-MSCs possess multi-
lineage differentiation capabilities, allowing their
differentiation into osteoblasts and adipocytes. Thus,
hPC-MSCs could be a valid source of MSC for stem
cells research (2-4).

Ethical issues in regenerative medicine

Thanks to their capacity for multilineage
differentiation, stem cells could be used to treat
diseases beyond the reach of conventional medicine
and to understand the basic mechanisms of human
development. In fact, there are currently numerous
ongoing clinical trials evaluating a broad spectrum
of conditions and situations using different stem cell
populations.

However, stem cell studies are raising profound
ethical questions that weigh on the world of scientific
research. The sources of stem cells can create ethical
issues, not necessarily related to their isolation,
but linked to their origin. Specifically, the use of
pluripotent stem cell lines derived from oocytes and
embryos appears to be full of contrasts, while stem
cells from other sites are raising less moral concerns.

A. PACIFICI ET AL.

In fact, one of the most promising sources of
stem cells from a clinical point of view is from
the embryo. However, this process includes an
important ethical problem, because at present these
cells cannot be obtained without the destruction of a
human embryo (5-7). The first ethical issue against
the use of embryonic stem cell lines is therefore
based on the idea that embryos are living people.
The reprogramming of somatic cells to produce
induced pluripotent stem cells avoids the specific
ethical problems of embryonic stem cell research.
However, every research carried out on stem cells
presents ethical problems concerning informed and
voluntary consent for the donation of biological
material, the evaluation of the risks and benefits
of the experimental intervention and the careful
supervision of the research. In fact, the complexity
and diversity of therapies involving the use of stem
cells in human trials require more complete and
accurate evaluations to ensure a level of risk that
is justified for the recipient. These studies must
be based on solid evidence of preclinical efficacy
that justifies testing on humans. It has become
mandatory to improve the evaluation of stem cell
therapies. Therefore, the International Society
for Stem Cell Research has developed a series of
practical questions for which clear evidence-based
answers need to be obtained before approving a
stem cell-based study. Furthermore, according to
the guidance of the Food and Drug Administration,
researchers have an ethical obligation to ensure that
risks to individuals associated with stem cell use are
reasonable in relation to the expected benefits.

DISCUSSION

Stem cells are always a hot topic in the scientific
community. Their use is related also to their banking,
as the manipulation is often related to medical and
ethical issues. Many stem cell studies aim to treat
diseases that were previously considered incurable
which has created the need to quickly and safely
find biomaterial giving life to deposits oriented to
the collection, storage and distribution of the cells,
commonly referred to as stem cell biobanks (SCB).
The construction of public and private biobanks
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of different stem cell samples thus guarantees the
immediate availability of biological material for
research and clinical use. Given the high level of
control over stem cell research, a centralized banking
system appears to be more inclined to adhere to legal
and ethical frameworks, thus including only cell
lines with traceable lineage and certified quality (4).

The main modality of stem cell conservation
is represented by cryopreservation. It is a method
that guarantees the preservation of stem cells for
an indefinite period through the use of chemicals
called cryoprotective agents (CPA), equipment
for freezing and storage in liquid nitrogen. With
cryopreservation, the cellular metabolic activity is
reduced, preserving the vitality, the phenotype and
the potential for differentiation.

Stem cells are harvested by centrifugation. The
sample is then gradually frozen until a temperature of
-196°C is reached in liquid nitrogen. Along with the
very slow freezing rate, a rapid thaw is considered
essential for successful stem cell retention.

Recently, more authors have studied and optimized
the process of collection, isolation, characterization
and cryopreservation of DPSCs, thus facilitating the
creation of biobanks. This study demonstrated for
the first time the effectiveness of a saline containing
gentamicin to prevent contamination of the tooth
from which to extract stem cells, also attesting the
effectiveness of 5% dimethyl sulfoxide (DMSO) as
a culture medium for cryopreservation by freezing at
controlled speed (1-8).

Regenerative medicine is the most important
approach to achieve complete tissue regeneration
using stem cells isolated from adult tissues, embryonic
stem cells, but also through the application of
induced pluripotent stem cells (iPSC). (iPSC are non-
pluripotent cells that are engineered to acquire the
ability to differentiate into all different types of cells.

Recently, many authors tested the potential of
iPSC obtained from stem cells derived from dental
pulp (DPSC). DPSC cells can be successfully
reprogrammed in iPSC by electroporation. The
iPSCs obtained can generate a tissue similar to the
pulp with functional odontoblasts able to produce in
vivo a tubular dentin. Human iPSCs can therefore be
an important source for deriving human odontoblasts
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and for testing the bioactivity of materials. In further
studies, iPSCs were reprogrammed from stem
cells from apical papilla (SCAP) and DPSC using
a non-integrative RNA virus vector. Scholars have
induced iPSCs to differentiate into cardiomyocytes,
thus demonstrating that iPSCs may represent
an important resource for the regeneration of
compromised cardiac muscle tissues (6-9). The
focus on mesenchymal stem cells in regenerative
medicine is, of course, highly promising: such cells,
in fact, act also with their paracrine effect on tissue
homeostasis, thus improving the local feedback to
oxidative stress (8, 9), and to infections (10). The use
of iPS has been opposed by the hypothesis that such
pluripotent stem cells may evolve towards tumoral
cells, therefore creating heterotopic localization of
oncological diseases (11).

In conclusion, the daily use of stem cells in
regenerative procedures is still far from being safe
and predictable, moreover, the surgeons should
improve their ability (12) to manage both simple
surgeries and complex regenerative
especially those where the biomedical component
requires experienced biologists and technologies for
cell manipulations and cell banking. Future clinical
therapies, developed thanks to the last innovative
studies on MSCs, will represent an important
chance to treat primarily degenerative pathologies,
especially those related to the brain and the nervous
system. Furthermore, also post-traumatic and
reconstructive surgery will be highly improved with
MSC therapy, thanks to their good influence on soft
tissue regeneration, on neo-angiogenesis and on the
management of local infections because of their
paracrine effects able to modulate inflammation and
the release of specific local cytokines.

surgeries,
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Nonsurgical cosmetic facial procedures have gained popularity in recent decades. These procedures
are commonly referred to as facial rejuvenation, and only a few are performed in the neck region.
Herein, the authors describe their experience with off-label use of deoxycholic acid (DC) injections on
18 patients for remodeling of the neck and lower jaw. The injection protocol was personalized for each
patient, and lidocaine was always premixed with the DC. After the initial injection visit, at least 3 months
passed before further injections were considered. All documented side effects, including swelling and
dysesthesia, resolved spontaneously. All patients received follow-up for at least 3 months, and only 2
patients required a second session of injections. By personalizing the injection protocol for each patient,
good outcomes were achieved, including aesthetic enhancement of the shape and contour of the jaw and
neck. Although the study is limited by the relatively small sample size, the results are promising and

warrant additional investigations.

To the Editor,

Statistics released by the American Society for
Aesthetic Plastic Surgery in 2016 show the dramatic
increase of surgical and nonsurgical cosmetic
procedures throughout the preceding 20 years;
the number of plastic surgery procedures doubled
in that period, and the quantity of nonsurgical
cosmetic procedures increased by 12-fold (1).
This demonstrates that an increasing number of
subjects are seeking cosmetic improvements and
that nonsurgical procedures are preferred to surgical
interventions. Reasons for this preference vary and
may include fear of surgery and the operating room,
and concerns about lengthy convalescence time
causing interference with social and/or professional
aspects of life (2).

Various tools are available for nonsurgical
rejuvenation of the face, including dermal fillers,
botulinum toxin, energy-based devices (EBDs).
However, until recent years, cosmetic injectables for
use in the neck were lacking. Although rejuvenation
of the neck can be achieved successfully with several
EBDs (such as radiofrequency and high-intensity
focused ultrasonography), moving an EBD can be
difficult and cumbersome; therefore, these systems
may not be practical for physicians who work in
multiple locations. Injectable treatments do not have
this disadvantage and can be performed on demand.
Moreover, EBDs must be purchased upfront, whereas
a supply of injectables can be purchased as needed,
when needed.

Since 2015 in the United States and Canada, and
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2 years later in parts of Europe (eg, Italy, Poland,
Check Republic), a DC-based product specifically
indicated for reduction of submental fullness has
been available (3). The product is used according
to a specific injection protocol, which includes a
grid specifying proper placement. Injection sites
are spaced 1 cm apart, and 0.2 mL of the product
is injected into each site. Moreover, the product
information suggests that injections be performed
every 4 to 6 weeks, until the desired outcome is
achieved, up to a maximum of 6 sessions. (4)

The authors of the present study have extensive
experience with adipocitolitic DC-based solutions.
Herein, they describe their own protocol for a DCA-
based product, which entails personalizing the timing
and sites of injection on a case-by-case basis.

MATERIALS AND METHODS

This is a retrospective clinical study of a cohort of
patients (N = 18) treated consecutively between May
2017 and January 2018. The cohort included 12 females
and 6 males, aged 24 to 57 years. All patients received
1% DC injections (Belkyra 10 mg/mL, Allergan S.p.A.,
Rome, Italy). Exclusion criteria were an excess of neck
skin ptosis, unelastic skin excess, unrealistic patient

Fig. 1. The pre-operative marking of “neck collar” injections.
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expectations, breastfeeding, pregnancy, liver disease,
kidney disease, and all medical conditions for which this
treatment is contraindicated.

Each patient was evaluated, including clinical and
photographic assessment. Before treatment, all patients
signed a consent form confirming that they had been
informed of the off-label protocol to be used for their
treatment. Every patient received a personalized injection
protocol that did not adhere strictly to the manufacturer’s
proposed protocol. Each individualized protocol was
based on the patient’s anatomy and need. The pretreatment
evaluation of skin elasticity was helpful for the patient to
have a clear understanding of the result that would likely
be achievable, which was explained to the patient in
advance.

The injection grid designed by the manufacturer was
used only for the submental area. For each patient, a
specific marking was made based on pretreatment clinical
evaluation. If overall improvement of the neck area was
desired, a “neck collar—like” marking was drawn (Fig.
1). If the aesthetic goal was a more acute cervico-mental
angle, pre- and retro-platismatic fat injections were
planned.

All patients received injections to the neck area and/
or pre-jaw line. Injection sites were spaced 1 cm apart.
The contents of each 2-mL vial of DC were premixed
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with 0.5 mL of 2% lidocaine (lidocaina cloridrato 20 mg/
mL; Bioindustria L.I.M.; Novi Ligure, Italy). Each site
was injected with 0.25 mL of solution, and no more than 4
vials were used during each session.

Following the first session of injections, a waiting
period of at least 3 months ensued, after which the result
was evaluated and a decision made as to whether to
perform a second series of injections.

All patients were followed-up for at least 6 months
after the final session of injections.

RESULTS

No patient complained of pain during the
procedure. All patients experienced progressive
swelling, as expected, which lasted 25 days on
average. For 3 patients, ecchymosis was observed,
which self-resolved within 1 week. Four patients
experienced dysesthesia of the treated area, which
lasted for 2 months after the injections and also self-
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resolved. One patient vomited within 6 hours of
the injection session (data presented in Table I). No
other complications were recorded.

Only 2 patients required a second session of
injections. All patients returned for clinical control
1 and 3 months after the injection session(s) and
were followed-up for 6 at least months after the final
injections. Each patient affirmed to be happy with
his or her result. (Fig. 2 shows clinical photographs
of a female patient).

DISCUSSION

In humans, DC is derived from cholic acid
produced by the liver and is then metabolized
by intestinal bacteria; in the small intestine, DC
determines the emulsification and absorption of fat.

When DC is injected into fat, it alters the
permeability of fat cell membranes, causing
progressive cellular swelling that ultimately results

TO0 T 1 month
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Fig. 2. In this figure it is possible to see the progressive improvements of the neck appearance of a 26-year-old woman 1
and 3 months after injection of 4 vials of ATX 101, injected in a single session.
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in the breakup of fat cells. This process can take
several days to several weeks. After cellular breakup,
macrophages enter the site and eliminate cytoplasm
and cell membranes, while the healing process is
carried out by the development of fibrotic tissue.
The entire process, including healing, usually takes
several months. These processes have been described
in scientific literature (5, 6). Based on this knowledge
and on previous experience with DC compounds, in
the present study Belkyra was injected to reduce fat
in the neck and pre-jawline and to achieve tightening
of the overlying skin.

The use of DC as an injectable for fat reduction has
been debated for years, since the discovery by Rotunda
and Duncan regarding its role in injection lipolysis that
refuted the findings of Dr. Rittes from early in the 21st
century (7-10). Over the years, DC injections have
been largely performed to reduce body fat, despite the
lack of information on posology, timing of injections,
and safe use of DC. A major safety concern, namely
skin necrosis after subcutaneous injection of DC, has
been reported (11).

In 2009, without any preclinical study, a product
containing DC was sold in Europe (Aqualyx;
Marllor International; San Giovanni in Marignano,
Italy) and was classified as a medical compound.
However, in 2013, Duncan et al. compared the
cytolytic index of this medical compound with that
of a phosphatidylcholine/DC compound and noted
that Aqualyx had a higher cytolytic effect; in order
of effectiveness, the cells most sensitive to cytolysis
were dermal, endothelial, muscular, fat, and neural
(12). These findings emphasized the lack of safety of
the medical compound. In fact, in 2016, the Italian
Ministry of Health blocked the merchantability of
Aqualyx (5, 11-13). In 2014, McDiarmid compared
DC volumes of 1 mg/cm? and 2 mg/cm?, and observed
that 1 mg/cm? was associated with a better safety
profile, including a lower incidence of side effects
(14). That study represents the first investigation
of optimal posology for injection of DC. Several
months later, in 2015, the product debuted in the
United States (as Kybella) and Canada (as Belkyra)
as the first DCA-based drug specifically indicated
for reduction of submental fat.

The DC present in Belkyra/Kybella is a
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nonanimal, nonhuman, purified version that appears
to be partially selective because cells with a high
percentage of membrane proteins (such as those
in the dermis, muscles, nerves, and vessels) seem
to be less sensitive to its action. Investigators have
demonstrated that albumin neutralizes or binds DC
in nonadipose tissue, given the lack of tissue damage
seen by endogenous DC (3, 4).

The injection protocol used in the present study
was in part concordant with the manufacturer’s
guidelines. However, in addition to injecting into
the area indicated in the manufacturer’s protocol,
injections were performed elsewhere to achieve neck
and jaw recontouring secondary to fat cell lysis. To
accomplish this, it was necessary to vary the injection
sites and to customize them for each patient.

Moreover, DC was premixed with lidocaine
in the present study because it is well known that
DC injection is painful for the patient. For the
same reason, it has been suggested to use ice packs
immediately prior to injections or to administer local
anesthesia before DC injections. However, ice packs
are often not helpful in reducing pain during injection,
and local anesthesia may alter the anatomy of the
area to be injected. These potential problems can be
avoided by mixing DC with lidocaine, effectively
minimizing pain during injection.

In respect to the quantity of lidocaine added to
the contents of each vial of DC, we aimed for the
minimum amount required to reduce pain whilst still
allowing the physician to easily inject the appropriate
volume of DC into each site. Considering the
posology of 0.2 mL of DC per site (as prescribed by
the manufacturer) and that each vial contains 2 mL
of product (from each vial, it is possible to fill two
I-mL syringes to inject 10 points), adding 0.5 mL of
lidocaine permitted the filling of two 1-mL syringes
plus another half syringe, enabling 10 individual
placements of 0.25 mL of DC per site.

The buffer system present in the injectable
DC product, represented by anhydrous disodium
phosphate, is able to avoid pH modification if another
drug is added, which explains why the effectiveness
of DC is maintained after mixing with lidocaine.
Another favorable feature of this mixture is the total
absence of precipitation of the solution.
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In the present study, the interval between
injection sessions was substantially longer than
usual. In general, DC is injected every 4 to 6 weeks;
in the present study, it was injected every 3 months
(if a subsequent session was required). This protocol
was successful because of the authors’ previous
experience with DC injections (5). In 2015, Dr Salti
and the senior author of the current study (R.R.)
described their own protocol, derived from analyzing
an abdominal specimen harvested 3 weeks after
injections: different phases of progressive cellular
swelling were apparent, including the breakup of
cells. Areas of cytoplasmic homogenization and cell
membrane dissolution also were present (5). These
findings demonstrate that, even after several weeks,
an inflammatory component is still present in the
injected area; therefore, a period of more than 4 to 6
weeks is needed to allow for sufficient healing and
for objective evaluation of fat reduction and skin
tightening. Therefore, our protocol is to wait at least
3 months between injection sessions.

In the present study, a relatively new DC-based
product was injected to improve the appearance of
the neck and/or lower jawline, according to a novel
protocol characterized by premixing lidocaine,
performing “on-demand” injections, and waiting at
least 3 months between injection sessions. Good
results were achieved in all patients, and side effects
were minimal, with a lower incidence than reported
previously by others. (3) Larger and longer-term
studies of the present protocol are warranted to
confirm its safety and effectiveness.

Disclosure: Prof. Rauso received grants from
Allergan, the manufacturer of the drug injected in
the present study. The other Authors have no conflict
of interest to declare.
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Three cases of anatomical variation of the median nerve at the wrist found during our surgical activity
led us to take the opportunity to expose anatomical variations by reviewing already published reviews.
Consequently, on the basis of anatomical studies, clinical reports and imaging, as a result of careful
examination of the published literature, it has been observed that the interventions in such anatomical
area must take into account these variations. In particular, the most performed procedure is the lysis of
the transverse carpal ligament (TCL), which is not free from complications. In our opinion it is therefore
necessary, in order to avoid the complications of the nervous, vascular and tendinous sections, to use

some specific technical procedures.

To the Editor

The anatomical variations of the median nerve
at the wrist, apart from the simple anatomical
curiosity  and notwithstanding the seemingly
infrequent observation, may, during a surgical lysis
of the transverse carpal ligament of the carpus
(TCL) caused by carpal tunnel syndrome (CTS),
generate considerable difficulties, and even very
serious damage (1). The diagnostic and therapeutical
approaches must be taken into due consideration.

CTS is the most frequent nerve canalicular
entrapment syndrome (2, 3). The age-based peak is
around 50 years while the female/male ratio is 3:1
(4-6), and only 10% of all CTS patients are under

30 years of age (7). The prevalence, however, is
500 cases per 1,000 subjects in certain categories,
justifying a classification as an occupational disease.
Studies concerning occupational groups have of
course focused on tasks and activities involving high
loads and frequencies or incongruous work postures,
detecting higher prevalence than those of the general
population.

Anatomy of the carpal tunnel

The carpal tunnel is formed posteriorly by a bone
component consisting of a set of eight small bones
divided into two chains:

* proximal from radial to ulnar (scaphoid,

Key words: median nerve, anatomical variations, carpal tunnel syndrome (CTS), lysis of the transverse carpal ligament
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semilunar, pyramidal and pisiform)
o distal (trapezius, trapezoid, large bone and
hooked)
The anterior fibrous portion is determined by the
transverse carpal ligament subtended between the
pisiform bone and the hamate bone hook, while
laterally it splits into a superficial layer and a deep
layer: the superficial lamina is fixed to the scaphoid
and the trapezius tubercle, while the deep lamina is
at the border of the trapezius groove (7) ( Fig. 1).

Clinical presentation

Cases 1 and 2. Cases 1 and 2. The patients,
a 55-year-old woman and a 48-year-old woman
complained of nocturnal paraesthesia, tingling and
sensitivity reduction on the radial surface of the first
finger of her right hand. Clinical evaluation led to
suspected diagnosis of median nerve compression
neuropathy at the wrist. Electromyography and
electroneurography  confirmed the suspected
diagnosis of CTS. In the surgical exploration of
the median nerve, a variation of the course was
found in the intraoperative inspection: the nerve
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was divided into two branches of equal diameter.
The radial half innervated the muscles of the thenar
eminence two sensory branches further towards the
first and second finger. The ulnar portion split into
two common digital nerves reaching the middle and
the ring finger. Another noteworthy variation is the
observation of the perforation of the TCL by the
anomalous median nerve. The flexor retinaculum
was dissected and after two months there were no
neuromotor-sensitive signs and symptoms.

Case 3. A 37-year-old woman, had suffered for
several months of painful paresthesia in both hands,
but greater in the left side, especially at night, with
presence of A slight deficit in opposition of the thumb
in the right hand. The electro-neurographic response
showed marked pain at the median nerve bilaterally,
but greater on the left. She underwent surgery on the
left hand in September 2016, and the intraoperative
diagnosis resulted in the presence of a bifid sub-
fascial median nerve. The postoperative course
was normal except for a thermo-tactile and painful
hypoesthesia in the median area, more evident in the
third finger, which improved in about 5 months.

b

«———Longitudinal ——

«——Transverse——>

Trapezium Hamate

Pisiform

Scaphoid

Fig. 1. Relationships between transverse carpal ligament and its bony insertions.



Journal of Biological Regulators & Homeostatic Agents

The intraoperative clinical observation of the
above-mentioned cases offers us the opportunity to
point out their anatomical variations.

All three patients of the cases above-described
gave a signed informed consent to participate in the
present study.

DISCUSSION

The median is a mixed nerve originating from
two different roots coming respectively from the
anterolateral and antero-medial secondary trunks
of the brachial plexus. Near the wrist, the median
nerve is superficialized by its position between the
tendons of the superficial flexor of the fingers and
the radial flexor of the carpus. Within the carpal
canal, the median nerve emits a sensory branch
known as the palmar cutaneous branch of the median
nerve (PBCMN). At this level, it crosses the carpal
canal immediately deeper than the transverse carpal
ligament (TCL) and continues until it ends in its
terminal branches.

The anomalies of the anatomical structures at the
wrist can be classified as shown in Table 1.

Table 1. Anatomical abnormalities at the wrist.
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Anatomical variations of the median nerve within
the carpal tunnel

In previously reported surgical series, different
anatomical variations of the median nerve within the
carpal tunnel have been described (Table II).

In relation to the transverse carpal ligament, we
observe the following variants:

* Extra-ligamentous, in which the motor
branch distally originates from the transverse
carpal ligament and goes along the thenar
eminence muscles (from 46 to 82%)

* Sub-ligamentous, originates below the
transverse carpal ligament

* Trans-ligamentous, which has the peculiarity
to hole the ligament itself

Muscle abnormalities at the carpal tunnel and
thenar eminence
Muscular and tendon abnormalities of surgical
interest which therefore may be responsible for
compression of the median nerve are (10):
Muscle

*  Hypertrophy of muscles of the thenar

eminence

e Nerve abnormalities

O O O O

e Tendon anomalies

High bifurcation of the median nerve

Aberrant origin of the motor branch of the median nerve
Transligamentous palmar cutaneous branch of the median nerve
Abnormal course of the ulnar nerve

o Ulnar-medial connections

o Joint FPL and FDP II tendon (Linburg-Comstock syndrome)

e Vascular abnormalities
o Persistent median artery
o Superficial ulnar artery
e  Muscle abnormalities
o Long palmar

o Lumbrical of the 2nd finger

o Superficial flexor of the fingers

FDP Flexor digitorum profundus; FPL Flexor pollicis longus
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Table I1. Anatomical variations of the median nerve within the carpal tunnel.

Incidence in carpal tunnel surgical
Type !
lysis

|Latera1 division 3
Open division P
Closed loop <1
Motory branch 19
Trans-retinacolar 15
Multiple b
Multiple and Trans-retinacular 5
Palmar cutaneous branch 2.5
Trans-retinacular 25
Multiple 0
Multiple and Trans-retinacular 0
Medio-ulnar sensory branch (from
proximal

1
median nerve on arcus superficialis)
|N0t classifiable | 0

type A type B type C type D type E
HTH TH |HTH TH ; ;
HTH TH |[HTH TH |HTH TH DWC: distal wrist
crease;
TH: thenar;
pwc DWC DWC DWC Dwc T
48 of 193 cases | 39 of 193 cases | 23 of 193 cases | 31 of 193 cases | 52 of 193 cases HTH: hypothenar.
(25%) (20%) (12%) (16 %) (27%)

Fig. 2. Schematic presentation and frequencies of the different types of subcutaneous nerve distribution at the wrist.
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e Palmaris longus
* Index lumbrical
*  Flexor digitorum superficialis indicis
Tendon
» Joint flexor palmaris longus tendon and
IT flexor digitorum longus (Linburg-
Comstock syndrome)

Recurrent thenar motor branch

The classification by Lanz (12) in 1977 remains
the most quoted, as well as the most comprehensive,
in describing anatomical variations, subdividing
them into four groups: i. changes in the course of
the thenar branch; ii. accessory branches inside the
distal portion of the carpal tunnel; iii. high division
of the median nerve; iv. accessory branches proximal
to the carpal tunnel.

Different types of subcutaneous distribution at
the wrist must be also be considered (Fig. 2).

Anatomical variants of vascularization of the median nerve

The persistent median artery is an accessory
artery originating from the ulnar artery in the
proximal portion of the forearm; it runs laterally
along the median nerve. Together with the
interosseous arteries, the median artery is the main
source in the hand of the embryo. After 8 weeks of
gestation it normally regresses, leaving the ulnar and
radial arteries. It may persist through two schemes:
palmaris and antibrachial.

In the palmaris form this artery reaches the palm
of the hand while in the antibrachial type it ends
before reaching the wrist. It may contribute to the
vascularisation of the superficial palmar arch or even
to the finger radial arteries. In a normal nerve, the
median artery, when present, runs along the ulnar
side. In cases of bifurcation it stands between the
two nerve branches.

Superficial ulnar artery

The ulnar artery is a branch of the brachial artery
which runs along the ulnar side of the forearm in
depth in relation to the ulnar carpal flexor muscle. It
can sometimes have a more superficial course than
the aforementioned muscle, but is still deeper than
the antibrachial fascia. The impact of this anatomical
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variation variably ranges between 0.7% and 9.4%.
The surgeon should keep in mind this possibility
when performing an extended incision in the fold of
the wrist, in order to avoid the risk of lesions.

Based on the above-mentioned abnormalities, the
surgeon who undertakes interventions at the wrist
or hand must bear in mind the anatomical variations
that can lead to serious complications.

The open technique has great advantages for the
detection (under vision of lenses 2-3X) of dangerous
anatomical variations (transligamentous or “Knight-
like”) starting proximal-distally. The TCL section
must also be on the ulnar side of the palmaris lungos
tendon in order to prevent accidental sections of
Knight-like or transligamentous. Such manoeuvres
are difficult to carry out through a closed access.
Endoscopic techniques are limited to those cases
in which it is difficult to reach the distal margin of
the TCL, where the carpal tunnel is narrower and in
which most of the more-at-risk structures are present.

Knowledge of anatomical variations has a
significant incidence in clinical practice and is a
guide for the surgical technique most suitable to
achieve the best clinical outcome with the least
possible risk.
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The palatal rugae, which are anatomically described as folds or wrinkles of the palate, are located on the
anterior third of the palate on each side of the palatal raphe and behind the incisive papilla, The use of palatal
rugae for personal identification was suggested several years ago, and attracted interest from different researchers
which created different classifications, still used in scientific literature. The “identity base” (IB) system has as its
object a complex information system and a personal identification protocol by means of three-dimensional palatal
scans in digital format. The usefulness of this system is based on the management needs of big data. For example,
in the field of forensic odontology, IB can be useful in the identification of a living or cadaver subject; and can
estimate the age of a human subject. Moreover, IB stores its associated biometric data. The IB system demonstrated
to overcome the issues shown by other similar systems of digital image storage. Furthermore, its high accuracy in
the identification process makes IB a reliable tool for institutions in the management of immigrants, as well as in
the archiving of people under restrictive measures. Finally, IB is also a system for sharing and processing clinical
images, useful in dental prosthetics to reduce the number of steps from the first visit to dental prosthesis. The next

generation of big-data archiving will speak the same language as IB: the route has been already set out.

To the Editor,

The palatal rugae are anatomically described as
folds or wrinkles of the palate. Pattern and number
of the rugae differ between individuals; indeed,
the rugae holds the characteristic of a perfect
forensic identification factor. The anatomic site of
palatal rugae is able to protect them from trauma,
furthermore, palatal rugae are resistant to any
chemical aggression, and to thermal effects or to
decomposition changes (1).

Identity Base: the new tool for personal recognition
The “identity base” (IB) system consists of
a complex informatic-process aimed to offer

a personal identification protocol by means of
three-dimensional palatal scans in digital format.
Personal identification system, through the three-
dimensional scans of the palate, is a system using
a main processor connected to a storage memory,
with at least one secondary computer connected to
an intraoral scanner (Fig. 1). The main computer
and the secondary computer are connected to each
other; the main computer has a specific software
configured to compare one 3D palatal scan of
a human subject that will be subjected to an
identification: the identification occurs through the
comparison between the scan acquired through the
intraoral scanner, and a database of palatal models

Key words: big-data, palatal rugae, forensic odontology, intraoral scanner, oral pathology
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in 3D format, previously stored in the storage group.
Comparison between the scan of the subject and
that present in the archive will allow to recognize
the subject who has already been inserted in the
database. The usefulness of this system is based on
the management needs of big data. For example, in
the field of forensic odontology, IB can be useful in
the identification of a living or cadaver subject. IB
can estimate the age of a human subject and store
its associated biometric data. An important ability
shown by the IB system is a protocol capable of
excluding from the detection any discrepancies of
palatine wrinkles due to factors that can change the
morphology of the same, such as diseases, surgical
operations and any other condition able to make a
subject unidentifiable.

Operating principles of IB protocol

First, two scans are sampled to standardize the
distribution of model-points. It is important to scan
the largest area possible of the subject’s palate to find

N.R. PEPE ET AL.

the major number of anatomical points to register
(Fig. 2A). The two scans are then superimposed
using an Iterative Closest Point (ICP) algorithm
(Fig. 2B). If the alignment is successful, IB assigns
an evaluation of the affinity between the two scans
based on the average distance between the two
models and the number of aligned points (Fig. 2C).

Preliminary results of IB protocol

All tests were performed on a pool of about
100 scans, some of which belong to to twins,
morphologically very similar. After a calibration
phase, the algorithm was able to correctly identify
the 3 pairs of scans without reporting either false
negatives or false positives.

DISCUSSION

A number of different studies investigated the
option to use palatal rugae as a unique parameter for
individual identification (1). Recent studies aimed

W.B.S.

Work Breakdown Structure

IDENTITY BASE PROTOCOL

» ANALYSIS [

BIOMETRIC

CLINICAL

E-ELABORATION

RECOGNITION

LEGAL MEDICINE

MONITORING over/rime

Fig. 1. Work Breakdown Structure of IB-protocol. Ability of the IB-protocol to serve as big-data storage, as well as a
tool for clinical and social professionals. Finally, a strategic use is for unknown people recognition, such as foreigners

escaping from wars or low-income countries.
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to identify the palatal rugae patterns differences in
males, females, families and identical twins. The
reported findings in these studies were in accordance
with the results obtained in previous similar studies,
and confirmed the role of palatal rugae conformation
as an important factor for unique individual
identification.

The application of 3D models of a specific
portion of the oral cavity for personal identification
provides a reliable evaluation of distinctiveness
of palatal rugae, based on their anatomical 3D
conformations, with consequent applications to
individual identification. The studies on tissues were
highly improved by stem cell research, as this topic
is useful for tissue regeneration in several areas (2-
8). Moreover, it has been demonstrated that the same
tissues can show different behaviour (6-9) thus, it is
useful to find a technique to univocally identify and
memorize tissues and biological characteristics.

The IB system demonstrated to overcome the
issues of other similar systems of digital storage of
images. No biological variations can influence such
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process, such as oxidative stress, inflammation,
smoking habits (10), neoplasia (11) or operator’s
bias (12).

Furthermore, the high accuracy shown in the
identification process makes IB a reliable tool also for
institutional bodies in the management of immigrants,
as well as in the archiving of subjects under restrictive
measures. Finally, IB is also a system for sharing and
processing clinical images, which is useful in dental
prosthetics to reduce the numbers of steps from first
visit to dental prosthesis. The next generation of big-
data archiving will speak the same language as IB: the
route has been already set out.
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This study investigates the characteristics of load transmission to bone of alternative treatments for
posterior maxilla edentulism with relatively limited available bone volume. Implant shape (conical and
cylindrical), augmentation technique and the effect of bone-graft stiffness were taken into consideration.
The finite element models of the atrophic sinus implanted with short implant were compared to two grafted-
sinus models implanted with longer implants, engaged bicortically. Bone-graft stiffness was varied to
describe different stages of graft-maturation (from short-term to long-term). Stress and load distributions
due to axial and bending loads were compared on the bony structures. In the short-term, axial force is
supported almost equally by the cortical layers and the trabecular core, while a bending load is mainly
supported by the crestal cortical layer and secondarily by the cortical floor, the bone-graft supported a
negligible load. Bicortical engagement produces higher load transfer to the cortical floor under axial load.
In the long-term, as the stiffness of the bone-graft increases, the load is transferred progressively towards
the grafted region, progressively unloading other structures, particularly the internal cortical layer.

To the Editor,

Bone augmentation techniques have been
proposed to obviate the lack of adequate bone volume
and density following bone remodelling processes
that often respond to the loss of mechanical stimuli,
such as in edentulism (1).

With regard to maxillary restoration, the most
common situation of insufficient bone volume is

found in the lateral and posterior areas, where the
anatomy of the maxillary sinus could limit the
possibility to place dental implants. Maxillary sinus
floor elevation with simultaneous or delayed implant
placement is acommon surgical procedure that allows
to augment the available bone in posterior maxilla,
creating the conditions to place a dental implant
either simultaneously to the augmentation procedure

Key words: sinus atrophy, bone graft, implant design, finite element
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or after a healing period. Different approaches have
been described and validated by systematic literature
reviews, reporting high long-term implant survival
and limited peri-implant marginal bone loss (2, 3).
Even though the positive clinical outcome of the
placement of short implants (<8 mm) is considered
a valuable alternative in terms of survival rates
and limited peri-implant bone resorption (2, 3), the
choice of the best clinical option is still debated.

The present numerical theoretical study
investigated the load transfer occurring at implant-
bone/graft interfaces with alternative approaches in
terms of graft stiffness, implant shape and length
for the treatment of posterior maxilla edentulism.
To the best of our knowledge, none of the
previous systematically numerical studies has ever
investigated the effect of implant design, comparing
in particular cylindrical and conical implant shapes
when applied to augmentation technique and bone-
graft quality (or stiffness): such information may
be useful to clinicians in the selection of the best
approach to promote graft maturation.

MATERIALS AND METHODS

A simplified finite element model of a portion of a
typical atrophic sinus, with an average thickness of 5 mm
and cortical layers of 0.7 mm, was created from diagnostic
computed tomography (CT) images of an adult female under
treatment at the IRCCS Galeazzi Orthopaedic Institute (Fig.
1). The native atrophic sinus was reconstructed in Mimics
(Materialise, Leuven, Belgium) and further modified to
describe two augmentation scenarios representative of a
low bone-graft volume, resulting from the insertion through
the pilot drill during sinus-floor elevation, and a high bone-
graft volume, obtained by a more invasive procedure where
a bony window was opened on the lateral maxilla during
surgery. The models were imported in ABAQUS/Standard
6.12 (Dassault Systémes Ri. Simulia, Waltham, MA, USA),
which was used to create and mesh the model (Fig. 2). Six
osseointegrated titanium dental implants, differing in shape
and length of the threaded portion, were drawn in PTC
Creo Parametric 2.0 (Parametric Technology Corporation,
Needham, MA, USA) imported in Abaqus and placed in the
corresponding sinus/graft model, as follows:

- Model A: native atrophic sinus implanted with an

L. LA BARBERAET AL.

implant with 5 mm endo-osseous threaded part (overall

length 10 mm including the abutment), both conical

and cylindrical;

- Model B: low volume-grafted sinus implanted with
7.5 mm endo-osseous part (overall length 12.5 mm),
both conical and cylindrical;

- Model C: high volume-grafted sinus implanted with a
10 mm endo-osseous par (overall length 15 mm), both
conical and cylindrical.

Quadratic tetrahedral elements were used to discretize
all components. Mesh density was progressively refined
until the variables of interest (von Mises stress, principal
strains) demonstrated a percentage variation less than 5%
(convergence criteria). The number of elements ranged
between 120,665 and 207,850 (176,409 and 300,794
number of nodes). Every component was modelled using
linear elastic material properties: 15 GPa for the cortical
bone, 500 MPa for the trabecular and 110 GPa for the
implant (with 0.3 Poisson ratio). To possibly represent
different stages of bone-graft maturation process, during
which the bone-graft remodels from a semi-fluid media to
a denser and stiffer tissue, different elastic modulus were
assigned to the bone-graft. Therefore, we distinguished
between “low” (5§ MPa), “medium” (50 MPa) and “high”
(500 MPa) modulus (assumed to be equal to trabecular
bone hypothesizing the usage of autogenous bone (4),
respectively corresponding to short-, mid- and long-term
postoperative; a “very high” (5 GPa) bone-graft modulus
(sometimes arbitrarily assumed in the literature (5) was
also considered as a comparison. Finally, 18 models were
compared.

Two loading conditions were considered, applying a
load with magnitude 129 N (6) directly on the abutment
along the longitudinal axis of the screw (axial load) and
with an inclination of 45° (bending load). The mesial and
distal surfaces were constrained in all simulations. To
simulate the interaction between the implant and the bone/
graft, a surface-based contact with a friction coefficient
of 0.3 was assumed (6). The simulations were run in
ABAQUS/Standard 6.12 (Dassault Systémes Ri. Simulia,
Waltham, MA, USA).

Each of the 36 simulations was analysed to evaluate
the median von Mises stress distribution on bony
structures within 2 mm around the implant. The forces
supported by the crestal cortical layer, trabecular core,
cortical floor and bone-graft were calculated by summing
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Fig. 1. Overview of the investigated models, from left to right: native atrophic sinus implanted with a 5 mm endo-osseous
implant (Model A), low volume-grafted sinus implanted with a 7.5 mm endo-osseous implant (Model B) and high volume-
grafted sinus implanted with a 10 mm endo-osseous implant (Model C). In each condition both cylindrical and conical
implants were considered, while graft stiffness (i.e. maturation) was investigated only for Models B and C.
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the corresponding nodal forces at the interface with the
implant. These values were compared to investigate the
effect of alternative procedures for the treatment of the
atrophic maxillary sinus on load distribution, with varying
implant shape (conical vs cylindrical) and bone-graft
stiffness (or maturation).

RESULTS

Axial load

The comparison between the stress distribution
on the bony structures in Models A, B-Low and
C-Low did not show any appreciable difference, nor

L. LABARBERA ET AL.

in Models B-Mid and C-Mid (Table I, Fig. 3).

In Model A, the crestal layer and the cortical
floor supported, respectively about 27% and 24% of
the total axial load, while the trabecular bone about
49%. Despite the crestal layer supporting almost
the same load as in Model A (26% Model B-Low
and C-Low), the force supported by the trabecular
core decreased to about 40%, while it increased to
34% for the cortical floor; the bone-graft supported
a negligible amount of the total load (less than 1%).

As the elastic modulus of the bone-graft increased
in Models B-Medium and C-Medium, the bone-
graft started supporting some load (1% and 3%,

Table 1. Von Mises stress values over the crestal cortical layer, trabecular bone, cortical floor and bone-graft
as a function of implant shape, implant length and graft stiffness.

Von Mises Stress (MPa) - Axial load

Von Mises Stress (MPa) - Bending

I’;;'pal;:t I;Zg ;;;Zt qi:‘;{lfy cCZ;ﬂe;Zzll Trab. Cortical  Bone (:CZ:;;ZZII Trab. Cortical Bone
layer bone floor graft layer bone  floor graft

Conical 5 mm - 8.1 1.3 9.0 - 18.7 1.4 13.0 -
7.5 mm Low 7.3 1.1 8.2 0.0 16.4 1.3 11.4 0.0

Mid 7.5 1.1 8.2 0.1 16.0 1.3 11.0 0.1

High 6.4 1.0 7.2 0.6 13.9 1.1 9.2 1.0

Very high 3.6 0.5 4.4 24 11.5 0.7 4.2 35

10 mm Low 7.2 1.2 8.4 0.0 17.9 1.4 11.2 0.0

Mid 7.2 1.1 8.1 0.1 14.6 1.3 10.2 0.1

High 5.5 0.9 6.5 0.6 13.6 1.0 6.3 0.8

Very high 2.4 0.4 2.8 1.8 11.6 0.7 34 2.0

Cylindrical 5 mm - 6.8 1.1 8.3 - 15.5 1.3 13.4 -
7.5 mm Low 6.6 1.0 8.0 0.0 15.4 1.3 1.1 0.0

Mid 7.1 1.1 8.0 0.1 14.4 1.2 10.7 0.1

High 6.1 0.9 7.0 0.6 14.7 1.1 8.7 1.0

Very high 33 0.5 4.0 22 12.4 0.7 4.4 3.5

10 mm Low 6.6 1.0 8.3 0.0 15.4 1.2 11.7 0.0

Mid 6.9 1.0 8.1 0.1 14.9 1.1 11.0 0.2

High 5.1 0.8 6.3 0.5 11.7 0.8 6.2 0.8

Very high 22 0.3 2.7 1.5 9.7 0.5 3.0 1.9
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respectively), while a general slight decrease was
noticed on other structures.

Differences were much higher for Models B-High
and C-High, where the bone-graft supported 11%
and 22% of the total axial load, respectively; while
the force on the other structures generally decreased
(crestal cortical layer: 23% and 19%, respectively;
cortical floor: 32% and 28%; trabecular core: 34%
and 31%). These trends were confirmed by more
significant changes, when a very high bone-graft
stiffness was assumed.

The differences found for an implant length of
10 mm (Model C) were higher than for a 7.5 mm
(Model B), but the qualitative trend kept the same in
all bone-graft qualities.

Withregard to implant design, despite acylindrical
shape having involved slightly higher stress values
on the cortical floor and bone-graft compared to a
conical design (Table 1), the load supported by each
structure did not highlight any specific trend.

Bending load

Bending involved much higher maximum stresses
than an axial load on all bony structures, with the
highest stress reached on the crestal layer. The stress
field on the bony structures in Models A, B-Low and
C-Low did not show any appreciable difference, nor

=

Axial load

2

-

0

Bending

&\

oyn (MPa) s ——

4 6

Very high
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in Models B-Medium and C-Medium (Table I, Fig.
3). Appreciable stress reduction was noticed with
higher bone-graft stiffness in B-High/Very high and
C-High/Very high models (Table I, Fig. 3).

In Model A, the crestal cortical layer supported
about 63% of the total bending load, while the
trabecular bone about 10% and the cortical floor
only 27%. Although in Model B-Low and C-Low
the external cortical layer supported almost the
same load as Model A, the force supported by the
trabecular core slightly increased to 12%, while
it decreased to about 25% for the internal cortical
layer; the bone-graft supported a negligible amount
of the total load (less than 2%).

As the elastic modulus of the bone-graft increased
in Models B-Medium and C-Medium, the bone-
graft started supporting some load (2% and 4%,
respectively), slightly unloading the internal cortical
layer. The observed trends were confirmed by more
significant changes only for the crestal cortical layer
and bone-graft, when a very high bone-graft stiffness
was assumed.

Differences were much higher for Models B-High
and C-High, where the bone-graft supported a 10%
and a 17% of the total load amount, respectively,
unloading the force applied on the internal cortical
layer to 16% and 10% (only marginal differences

8 10 12

Low

Very high

Fig. 3. Von Mises stress maps in axial (top) and bending (bottom) loading condition varying implant length and bone-
graft stiffness. Only conical model results are depicted, as no differences could be appreciated compared to cylindrical
cases, only extreme scenarios with “low” and “very high” graft-stiffness are reported.
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less than 2% were observed on other structures). The
differences found for an implant length of 10 mm
(Model C) were higher than for a 7.5 mm (Model B),
but the qualitative trend kept the same for all bone-
graft qualities. The comparison between conical and
cylindrical implants in terms of stress (Table I) and
load distribution on the bony structures did not lead
to any significant difference.

DISCUSSION

The present theoretical approach offered the great
advantage to finely control specific study parameters
that would exhibit a huge intrinsic variability in real
clinical setting and would have a confounding effect
on the final outcome. However, the results here
reported should be interpreted with great care, to be
correctly translated to clinical practice.

A longer implant is related to a higher axial load
transfer on a larger volume by the cortical bone of
the maxillary floor. Although the clinical results
are still controversial (7), our results may provide
a biomechanical rationale to prefer bicortical
anchorage instead of a proximal monocortical
engagement to promote a distal load transfer (8).

The results of the present study demonstrate
that in the early healing phase, when the bone graft
has a negligible stiffness, the primary stability of
the implants placed simultaneously to sinus floor
elevation is essentially due to the native bone (9,
10), both considering axial an non-axial loads.
In the later healing phases, as the bone-graft is
entirely remodelled, becoming trabecular, the load
transfer to the graft region increases. Even though
clinical evidence is still lacking, this result may
suggest that the cortical floor, being significantly
unloaded particularly in bending, could undergo
bone resorption in the early healing phase and an
immediate loading should be somehow avoided.
However, using longer implants may be beneficial in
any case to promote the load transfer to a larger bone
volume (11) and towards more apical structures,
theoretically stimulating the graft maturation process.

Although the results are comparable, a cylindrical
implant shape may promote slightly higher forces
to the bone-graft due to the higher area available

L. LA BARBERAET AL.

to transfer the occlusal force, while a conical shape
demonstrates slightly higher stresses in the crestal
regions, possibly related to the lower available area
(11). Interestingly, a higher marginal bone resorption
has been reported for cylindrical implants compared
to conical ones (12).

To conclude, the present study supports the idea
that bicortical engagement may provide a shift of the
supported force towards more apical bony structures,
which may be beneficial to stimulate and promote
bone-graft maturation. Such process can be even
more effective as longer implants are used and as the
bone-graft remodels towards trabecular-like bone.
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Although viscosupplementation has been used in the past few years both for knee and hip
osteoarthritis (OA), the number of intra-articular injections and the interval between doses still remains
an undetermined subject. The aim of this open retrospective study was to evaluate the clinical and
functional outcome in patients with mild-moderate hip OA treated with a course of 1, 2 or 3 Hyaluronic
Acid (HA) intra-articular injections. Ninety-six patients were included: 19 patients received only
one injection, 24 received two injections, and 44 received three injections. Age, sex, VAS for pain and
WOMAC score before each intra-articular injection, number of intra-articular injections, reasons for
interrupting the treatment, adverse events, time between HA injections, and number of patients who
had a total hip replacement were retrieved from the medical records of each patient. VAS and WOMAC
scores were obtained from all patients also at a mean follow-up of 7 months after the last hip injection.
All patients who received 1, 2 or 3 hip injections improved in VAS and WOMAC score. Three intra-
articular injections provided a better outcome in terms of pain reduction compared to 1 or 2 injections.
Intrarticular injections for mild-moderate hip OA were demonstrated to be effective in reducing pain

and improving function. A full course of three injections provided the best result in pain control.

To the Editor,

Viscosupplementation involves the use of a
hyaluronic acid (HA) solution which integrates and
substitutes the synovial fluid in the osteoarthritic
joints. Data from literature indicate that intra-
articular HA injections have structural modifying
activity as well as pain relief effect (1). HA treatment
has been widely used for knee osteoarthritis (OA),
and subsequently for hip OA, where it has been
demonstrated to be safe and effective (2-4). In
particular, intra-articular HA injections should be
considered for patients as a first-line treatment of
OA, especially in those with comorbidities, since

it may help avoid NSAIDS/analgesic consumption
and consequent adverse events (5). Nonetheless, HA
efficacy on symptoms has only been demonstrated
in mild or moderate OA, while severe OA does
not seem to benefit from this treatment (6). Eco-
guided intra-articular injections represent, with
uniform agreement, the safest approach (6). Despite
evidence showing that HA viscosupplementation
is the best conservative treatment for hip OA
before the indication for surgery, there is a lack of
general consensus regarding the standardization of
methodology for HA intra-articular injections in hip
OA (7). Inparticular, there is no general agreement on
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the number of injections and the treatment schedule,
ranging from 1 to 4 injections administered weekly,
monthly or even every six months (6, 7).

Based on these observations, this study evaluated
retrospectively the clinical and functional outcome
in a population of patients with mild-moderate hip
OA, treated with HA undergoing a cycle of 1, 2, or 3
intra-articular injections in the hip.

MATERIALS AND METHODS

Design of the study

This is an open retrospective study, without a control
group, on patients suffering from painful primary hip OA
and referring, between 2015 and 2016, to our rehabilitation
outpatients clinic. Ethical approval of the study was
obtained from the Institution where the treatment was
performed (N.604/2017). All patients signed an informed
consent form before treatment and at follow-up.

The following information was retrieved from the
medical records of each patient: age, sex, type of HA
injected, VAS score for pain intensity and WOMAC
registered before each intra-articular injection, number of
intra-articular injections and reasons for interrupting the
treatment, adverse events, time between HA injections,
and number of patients who had a total hip replacement
(THR). In order to evaluate the mid-term outcome of the
hip HA injection treatment, all treated patients were called
on January 2017 for a follow-up (FU) of VAS score and
WOMAC assessment.

Patients and treatment

Among all patients referring to the outpatient clinic
for painful hip osteoarthritis, and who received HA intra-
articular injections, 96 were enrolled according to the
following inclusion criteria: affected by symptomatic
primary hip OA based on the ACR criteria(8), radiographic
grade less than 3 according to Kellgren Lawrence, not
responding to treatment with physical therapies and
NSAID. Exclusion criteria were: the concomitant use of
anticoagulant therapy, rheumatologic diseases, major hip
dysplasia and other severe concomitant musculoskeletal,
neurological or vascular diseases.

Different commercial HA products were used:
Hyalubrix, Sinovial HL, Orthovisc, Donegal. Intra-
articular injections have always been performed under
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ultrasound guidance, in agreement with the indications
of Migliore et al, (9), with the patient in supine position
and the hip rotated by 15-20 degrees. The same clinician
performed all injections.

Outcome measures

Hip pain during movement in the week before the visit
was measured based on a 0—10 cm VAS scale (0= no pain,
10= worst imaginable pain), and physical function by the
Western Ontario McMaster Universities Osteoarthritis
Index (WOMAUC). The Likert Scale version 3.1 was used
to calculate a total WOMAC score by summing the items
for all the three subscales.

Statistical analysis

Continuous variables were reported as mean =+
standard deviation or mean and 95% confidence intervals.
The Kolmogorov Smirnov test was used to test normality.
The Levene test was used to test homoscedasticity. The
Repeated Measures General Linear Model (GLM) with
post hoc Sidak pairwise test for multiple comparisons
was performed to compare normally distributed scores at
different follow-ups within groups. Kruskall Wallis with
Post-hoc Mann Whitney paired analysis with Bonferroni
correction was used for comparison among groups at
basal time and at follow-up. GLM analysis was used
also to explore the possible influence of sex, age, interval
between injections and number of injections on VAS and
WOMAC scores. Kendall Tau correlation was used to
assess correlation between ordinal variables.

All statistical analyses were considered significant
for p<0.05 and were performed using SPSS v.19.0 (IBM
Corp, Armonk, NY, USA).

RESULTS

The patients included 59 females and 37 males,
mean age 68.3 years (SD 11.8 range 34-89), six
of whom had injections in both hips, for a total of
102 hips. Twenty-eight patients received only one
injection (1 in both hips) (Group 1), 24 patients
received two injections (Group 2), 44 patients
received three injections (5 in both hips) (Group 3).
Reasons for not completing the therapy cycle were:
pain relief (20 patients), no benefit or referring to
other hospital close to their town of provenance (24
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patients), other health problems (2 patients), cost of
the therapy (5 patients), THR (1 patients) or waiting
for THR (5 patients)._

Patients who received one intra-articular
injection were monitored at a mean follow-up of
6 months (range 0.9-16). Patients who received
two intra-articular injections had an interval of 2.7
months (range 0.9-9.8) between the first (T0) and the
second injection (T1), and 7 months (range 0.9-19.9)
between the second injection and the follow-up.
Patients who received three intra-articular injections
had a mean interval of 1.7 months (range 0.5-2.8)
between the first (T0) and the second injection (T1),
and of 2.1 months (range 0.4- 7.5) between the second
and the third (T2) injection. Follow-up assessments
were performed at an interval of 8.3 (range 1.4-20)
months from the last HA intra-articular injection. No
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differences were found for age, sex, time between
injections and follow-up among the three groups.

Adverse events and changes in VAS and WOMAC
No systemic adverse events were detected
during treatment. Local side effects, recorded
by interviewing the patients at each follow-up,
consisted in pain, oedema and ecchymosis at the site
of injection in three different patients. One patient
referred a feeling of muscular heaviness at the hip.

Analysis within Groups

GLM repeated measure evidenced that VAS score
significantly decreased in all Groups up to the follow-
up (Table I, Fig. 1). Post hoc analysis demonstrated
significant differences at all time points for Group
3 (p<0.0005), while in Group 2 VAS reduction was

95% CI

T T T T T
VASTO VAST1 VAS T2 VAS TFU VASTO

T T T T T T
VAS T2 VAS TFU VASTO VAS T1 VAS T2 VAS TFU

N. injections

2 3

551

501

451

95% ClI

407

351

30

T T T T T T T T T T T T
womac T0 womac T1  womac T2 womac TFU womacT0 womacT1 womac T2 womac TFU  womac 10 womac T1  womac T2 womac TFU

Fig. 1. VAS pain and WOMAC score along the follow-up with respect to the number of hip injections.
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Table 1. VAS pain and WOMAC in the three Groups along the follow-up.
G::s:::elélrr;e:;xgge Sidak test as Post hoc pairwise comparison
. TO vs TO vs TO vs T1vs T1 vs T2 vs
VAS pain TO T1 T2 | TFU T1 T2 TFU T2 TFU TFU
Group 1 Mean | 5.8 4.2
2 -2 <0.
fliSS[))ts 9 7 151 30, p<0.0005
P 95% | 65 5.1
Group 2 Mean | 6.1 4.9 3.5
24 ;l)ltls)) 7 (54 1 aa 76 p<0.0005 | <0.0005 <0.0005 =0.001
95% | 6.8 5.5 4.4
Group 3 Mean | 5.7 4.4 3.5 2.3
(44 pts- 49 p<0.0005 | <0.0005 | <0.0005 | <0.0005 | <0.0005 | <0.0005 | <0.0005
hips) CI | 53-1|39- |29 | 1.7-
95% | 62 | 49 | 4.1 2.9
WOMAC
Group 1 Mean | 49.4 353
28 pts -29 <0.0005
fli sl)’ ) CI | 439- 300-| P
P 95% | 55 39.6
Group 2 Mean | 52.9 | 45.8 35.6
(24 ptls)) I (296 | 424 205 p<0.0005 | <0.0005 <0.0005 =0.001
95% | 56.2 | 49.2 41.7
Group 3 Mean | 46.3 | 394 | 364 | 31.7
(44 pts- 49 p<0.0005 | <0.0005 | <0.0005 | <0.0005 | <0.0005 | <0.0005 | <0.0005
hips) Cl |43.4-]36.6- |33.4-| 29-
95% | 49.1 | 42.2 | 39.4 | 34.5

less marked between the second injection (T1) and
follow-up (TFU) (p=0.001). WOMAC score had the
same trend.

Comparison among the three Groups

Kruskall Wallis with Mann Whitney post hoc
analysis showed no difference of VAS at TO and a
significant difference of VAS at TFU (p=0.002), with
significant differences also between Group 1 and
Group 3 (p=0.03). WOMAC at TO was significantly
different between the three groups (p=0.02) with
significant differences between Group 1 and Group
3 (p=0.03), while no difference was found at TFU
(Table II). In order to control differences found at
TO, statistical analysis was conducted also on delta
percent between TFU and TO, which confirmed
only a significant difference in VAS (p=0.003) with

no differences between groups 1-2, and 2-3, while
group 1 was significantly different from group 3
(p=0.003).

Analysis of factors influencing VAS and WOMAC at
follow-up

Although sex, age and time between injections
were not statistically different among groups,
GLM analysis was used to explore the possible
influence of these variables on the outcome.
While no influence of age at TFU was found for
VAS (p=0.316 partial eta-squared=0.011), sex
(p<0.0005, partial eta-squared 0.290) and the
number of injections (p=0.001, partial eta-squared
0.989) had an influence on VAS at TFU.

However, when evaluating the delta percentage
of VAS improvement between TO and TFU,
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Trend of VAS improvement
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Fig. 2. Trend of VAS pain improvement as delta percentage between follow-up and baseline score according to number

of injections.

Table I1I. Comparison among groups at basal time and at follow-up.

Group 1 Group 2 Group 3 Kruskall | Post-hoc Mann Whitney paired analysis
(28 pts - 29 (44 pts - 49 R . . .
. (24 pts) . Wallis with Bonferroni correction
hips) hips)
Group 1 vs | Group2vs | Group1yvs
Mean (SD) | Mean (SD) | Mean (SD) Group 2 Group 3 Group 3
VAS Pain TO 5.8(1.8) 6.1 (1.6) 5.7(1.7) NS
VAS Pain FU 4224 3.5 (2.1 2322 p=0.002 p=0.99 p=0.087 p=0.003
WOMAC TO 49.4 (14.5) 52.9(7.8) 46.3 (9.8) p=0.004 p=0.99 p=0.03 p=0.2
WOMAC FU 353 (11.5) | 35.6(14.5) 31.7 (9.6) NS
Delta% VAS Pain FU-T0 | 31.9(33.8) | 42.2(32.2) | 60.7(33.9) | p=0.003 p=0.925 p=0.137 p=0.003
Delta% WOMAC FU -T0 | 29.1(9.8) 33.1(25.8) | 30.5(17.2) NS
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corrected for age, sex, and time between injections,
only the number of injections was still significant.
The best result was obtained with 3 injections,
with no effect of sex, while Group 2 showed an
intermediate result (Fig. 2).

DISCUSSION

The present retrospective study demonstrated the
effectiveness of HA injections in hip OA at a mean
FU of 7 months after the last injection, without major
adverse events. The administration of 3 injections
was more effective compared to 1 or 2 injections,
providing a greater reduction of pain, but not of a
greater improvement of function as measured by
WOMAC. Based on the evidence for the knee and
the recommendation of Tikiz (10), we performed
intra-articular injections at approximately two-
month intervals. However, while for the knee a
consensus has almost been reached on the number of
intra-articular injections, i.e. 3, one week apart (1),
there is no consensus on the number and the interval
between injections for hip OA: Pourbager (11) and
Qvistgaard (12) suggested an interval of at least 2
weeks between injections, Van der Bekerom (3)
reported that patients who had 4 weekly intra-articular
injections in the hip achieved the best results, while
Henrotin (6) reported 3 weekly injections as optimal
treatment. Comparison of findings in the present
study was also difficult for the different instruments
used to measure the functional outcome in literature.
Furthermore, due to the small sample of patients
for each commercial HA used, it was not possible
to compare their different effectiveness. However,
even in literature no difference in terms of product
employed is reported (3). A limitation of the study is
that a control group could not be individuated, and
that other possible therapies undertaken by patients
during the HA treatment, and which could have
influenced the results, were not registered.

In conclusion intrarticular injections for mild-
moderate hip OA were demonstrated to be effective
in reducing pain and improving function. A full
course of three injections, with a mean interval of
two months, determined a significantly greater
reduction of pain compared to 1 or 2 injections.
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The creation of guidelines is a methodologically complex activity that requires technical expertise,
resources and time. Methods of guideline production must meet at least these three criteria:
multidisciplinarity, systematic review, and ranked recommendations. In May 2015, the new “Guidelines
for the prevention and control of Legionnaire’s disease” were published on the website of the Italian
Ministry of Health in order to “gather, update and integrate in a single document all the previous
national recommendations published”. The critical review of the document has led us to conclude that
this document does not comply with these three criteria, and we emphasize that guidelines should make
decision-making easier, considering the various scientific approaches to a health problem and choosing
the one considered most effective. Therefore, the persons responsible for the development of guidelines
should strive to widely adopt and use current standards for the development of guidelines as a means to

improve patient care and health outcomes.

To the Editor,

The creation of guidelines is a methodologically
complex activity that requires technical expertise,
resources and time. Too often, the production of
“guidelines” does not go through a optimal path of
preparation that will ensure the highest degree of
appropriateness of interventions, minimizing the
variability of the decisions related to the consistency
of knowledge and subjectivity in defining care
strategies.

A fundamental problem in the methodological
approach for drafting guidelines concerns clinical
documents. As defined in the Institute of Medicine
(IOM) 1992 report (1), practice guidelines are
“systematically developed statements to assist
practitioner and patient decisions about appropriate
health care for specific clinical circumstances”.

Medical review criteria are “systematically
developed statements that can be used to assess the
appropriateness of specific health care decisions,
services, and outcomes” (1).

The consensus of experts, which is based on
experience and literature available on some topics
(often limited), can be prudent advice, often common
sense, but not the result of scientific evidence. It is
provided for the assessment of feasibility in clinical
practice, considering the organization involved
in implementation. Many guidelines have been
developed by the so-called “GOBSAT” (Good
Old Boys Sat Around the Table) method (2). This
expression refers to the unstructured manner by
which a group of self-selected experts discuss their
opinions (often subjective), which are often actually
put into writing by only a single participant.
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Methods of guideline production must meet at least
these three criteria: multidisciplinarity, systematic
review, and ranked recommendations (3, 4).

Multidisciplinary participation is essential to
ensure not only that the guideline is valid, but also that
itis valued by all the members of the multidisciplinary
team to be incorporated successfully into practice.

Guidelines not based on a systematic literature
review have been widely criticized as not reflecting
current knowledge and being susceptible to bias.
To minimize potential sources of bias, the literature
should be identified according to an explicit
search strategy, selected according to defined
inclusion criteria, and assessed against consistent
methodological standards.

Guideline recommendations must be graded
to differentiate between strong evidence and
weak evidence. An important goal for guidelines
is to increase efficiency in the use of health care
resources. Clearly, if guidelines are to improve the
cost-effectiveness of health care, greater attention
must be given to economic analysis.

Guidelines can be misused in the legal-medical
field as a legal excuse for negligent behaviour of
managers in the performance of their responsibilities
(in healthcare or in tourist facilities). In legal terms,
it is unquestionable that the judicial authorities
during the investigative or judgemental phase, in the
retrospective analysis of the health professional’s
behaviour, ask to see whether this complied with the
criteria of the best science available at that moment,
which could be a guideline supported by medical
science. The lack of compliance with the document by
negligence, imprudence and inexperience may result
in the application of sanctions and fines. Moreover,
in addition to administrative responsibility, one
could also incur a penalty (for personal injury) and
civil liability.

Another indirect implication is damage to
image/reputation. For example, confirmed cases of
Legionellosis acquired during a stay abroad in hotels
in the EU/EEA countries are registered in a European
database (Eldsnet) and allows tour operators to
exclude those hotels from tourist destinations (5).

In May 2015, on the website of the Italian
Ministry of Health, the new “Guidelines for the

S. DITOMMASO ET AL.

prevention and control of Legionnaire’s disease”
were published to “gather, update and integrate
in a single text all the recommendations that had
been published in previous national regulations and
guidance” (6). Critical reading of the document has
led us to propose some reflections on certain aspects
of the document that may cause legal problems or
increase costs of water safety plans.

DISCUSSION

The first consideration concerns the incubation
time: the definition of incubation time has important
consequences in the classification of a case as
nosocomial or community-acquired. Considering
too short a period could lead to the lack of inquiry
or further insights by the competent authorities
(i.e., the Local Health Agency and the Regional
Environmental Protection Agency) during the
epidemiological investigation, which could lead
to the misclassification of cases (mistaking a
nosocomial case for a community case).

The new Italian guidelines suggest gathering
accurate information on possible exposure to risk
in the 10 days preceding the onset of symptoms
(legionellosis has an incubation period from 2 to 10
days): this range is reported by many international
documents, which underline that “....in rare cases
the incubation period can be up to 19 days. For
routine surveillance purposes the exposure data are
collected for 2-10 days before the onset of symptoms;
however, in case of outbreak where it is important to
consider a wide range of possible sources of infection
it is often desirable to consider an incubation period
of 14 days”(7). “When possible it is proper to collect
data concerning exposure in the two weeks before the
onset of symptoms”(8). Many scientific papers have
related particular situations with incubation times of
over ten days (9—14). Therefore, the definition of a
case of Legionnaires’ disease has a great impact in
the judicial field.

A second consideration concerns environmental
sampling, which is an essential tool for outbreak
investigation and risk assessment: the novelty
compared to previous international documents is that
these guidelines advise the confirmation of positive
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results from samples taken from the same outlets
when the percentage of positive samples exceeds the
cut-offs 0£20% (in hotels, retirement homes, boarding
schools, accommodations in general) and 30% (in
hospitals). We need to remember that drinking water
plumbing systems show great variability regarding
the occurrence and concentration of microbial load
(due to variables such as temperature, flushing, and
concentration of biocides), so the results obtained
from samples taken on different days from the
same outlets are difficult to compare because water
plumbing systems may be regarded as an ecological
system and each outlet as an ecological niche.

The threshold values set at 20% and at 30%
for positive points are questionable. A literature
review published in 2012 (15) identified that 31
peer-reviewed publications reported matched data.
The authors abstracted a total of 206 data points
representing 119 hospitals and determined that the
proposed 30% positivity metric has 59% sensitivity
and 74% specificity (i.e., a 41% false-negative rate
and a 26% false-positive rate). This metric was
initially proposed by Best et al. in 1983 (16) and
continues to be cited in research examining the
relationship between Legionella concentrations
in water and health care-acquired Legionnaires’
Disease. It has been adopted by several government
agencies. No publication has addressed the cut-off
of 20%.

There is no evidence in the scientific literature
about the usefulness of the positive outlets’
resampling only to confirm the result.

In addition to the scientific reasons that led us to
not share this protocol for environmental monitoring,
there is an economic reason: resampling determines
the increase of the costs involved but does not ensure
the choice of the best option.

The latter consideration concerns the occupational
risk in dentistry: to reduce patient exposure to
potentially contaminated aerosols, the authors
recommend the installation of filters (pore-size of 0.2
micrometre) upstream of the handpieces, which are
capable of retaining the microorganisms originating
from inside the circuit. The dental industry
abandoned this practice several years ago because
some negative aspects had been identified (17, 18):
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the need to replace the filters at least daily due to
clogging caused by the attachment of bacteria and
the subsequent microbial growth within the device
that becomes an additional source of contamination.
Moreover, other technical problems include failure
in the recovery of the spray when stopping the
instrument, with the subsequent dripping from the
handpiece and gradual loss of the spray’s stream up
to its complete disappearance.

Regarding risk assessment, the authors (6)
recommend analysis for monitoring Legionella
contamination in the output water of the dental
unit at least once a year and whenever there is a
case of illness. In respect to this indication, we
can highlight that the data reported in the literature
(19-21) show that the frequency of dental units
positive for Legionella (with the culture method) are
highly variable (ranging from 0%-100%). Negative
samples with culture can actually contain Legionella
that is viable but not culturable due to stressful
environmental factors (low temperature, presence of
other bacterial producers of bacteriocins, Legionella
in encysted amoebae) (22), and the results are also
widely influenced by the laboratory method used.
Thus, only taking an annual environmental sampling
of dental unit output water will not guarantee proper
risk management.

From these three considerations, it is clear
that there is no direct link between the provided
recommendations and the scientific evidence
supporting them; therefore, the users do not have
information regarding the limits and the strengths
of the literature upon which the recommendations
are based, along with the possible role played by the
mere opinions of experts.

The composition of the Italian working group is
not multidisciplinary and is therefore not adequate
to ensure the points of view of all professional
categories involved in the prevention and control
of Legionnaire’s disease: it lacks the personnel of
the regional environmental protection agency, the
environmental sampling technicians, the laboratory
technicians who examine the environmental samples,
the medical directors of hospitals, therefore, it
remains unsolved or with confusing solutions to
some practical problems.
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Moreover, it was not stated whether the drafts
of the guidelines were reviewed by other public
organizations, such as regional and professional
organizations in the fields of public health, hospital
epidemiology and infection control, or whether public
comments were considered in the decision-making
process. Regarding the question of the applicability
of these guidelines, we can note that the potential
organizational obstacles for the implementation of
the recommendations were not analysed and that the
potential implications on the health resources that
should be used to apply the recommendations were
not considered. The attention and the costs required
for the implementation of these guidelines are very
high; the human and economic resources, both in the
public and private organizations, are limited and are
diminishing. Therefore, that which can be realized
will be at the expense of other interventions.

However, the limitations encountered in this
document are mostly common to most of the published
guidelines, which, in most cases, are processed with
the GOBSAT method (2). According to one review
(3), of 431 guidelines (encompassing international
bodies and multiple countries) selected in the Medline
database, only 22 (5%) met the three basic criteria for
the preparation of a high-quality profile document:
1) a multidisciplinary team of experts; ii) the use of
structured methods for the research of evidence
according to well-defined inclusion criteria; and iii) the
grading of the recommendations to differentiate those
supported by well-drawn experimental, clinical or
epidemiological studies and with a strong theoretical
rationale. The documents that do not comply with
these three criteria have a limited value or are even
counterproductive. In the literature, the only guidelines
for the prevention of Legionella infections that meet
the above criteria are those prepared by Centers for
Disease Control and Prevention (23).

In conclusion, we emphasize that guidelines should
make decision-making easier, considering the various
scientific approaches to a health problem and choosing
the one considered most effective. Therefore, the
persons responsible for the development of guidelines
should strive to widely adopt and use current standards
for the development of guidelines as a means to
improve patient care and health outcomes.
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Many researchers have revealed that diet and physical activity influence metabolic function and
posture in various stages of life. This paper aims to combine them and demonstrate how they could
promote a healthy lifestyle. For this purpose, 14 healthy subjects followed a three-month protocol
combining physical activity with dietary advice. At the end of the protocol, the results of the study
underlined a significant reduction in fat mass, an improvement in salivary pH, and a realignment and

rebalancing of body segments.

To the Editor,

Non-communicable diseases, such as diabetes
and cardiovascular diseases, are highly related
to modifiable risk factors such as improper diet
and a sedentary lifestyle. Although these diseases
often occur only in adulthood, they are usually
initiated during adolescence. For this reason, the
dietary habits of young people, their frequency of
physical activity and other factors are crucial for an
appropriate lifestyle. Moreover, an unhealthy diet is
often associated with sedentary activities that lower
energy consumption; for these reasons, there is a close
correlation between the development of disorders in
adulthood and an improper diet during adolescence
(1). Several studies have already assessed the
effects of physical exercise on metabolic variables;
therefore, the quality and intensity of exercise are a
fundamental target for pursuing proper results (2).
This paper aims to combine aerobic training-based
physical activity aimed to restore proprioception,

rebalance posture and body homeostasis with food
advice (in this study, the Mediterranean diet was
selected) and demonstrate how this combination
can improve posture, body composition parameters
and salivary pH in a population of young people.
At the Physical and Rehabilitation Medicine Centre
and in collaboration with the Department of Oral
Medical and Biotechnological Sciences of the “G.
d’Annunzio” University of Chieti-Pescara, a three-
month protocol was planned. For this purpose, 14
healthy subjects were enrolled. All participants
gave written informed consent to the experimental
procedure, which was in accordance with the latest
revision of the Declaration of Helsinki and the
procedures defined by the ISO 9001 standards for
“Research and Experimentation™; the procedure
also protects the privacy of subjects participating in
biomedical research.

The inclusion criteria were healthy subjects
aged between 18 and 26 years, who had never

Key words: physical activity, posture, Mediterranean diet, salivary pH
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practised sports at a competitive level, no trauma in
the previous 12 months and eligibility for physical
activity. The exclusion criteria were current use
of pharmacological therapy, chronic or acute
pathologies, and surgical intervention in the previous
12 months.

The sample was evaluated at baseline (TO0), at
the end of the three-month period, immediately after
the last training session (T1), and at follow-up (T2)
one month after T1. The final evaluation aimed to
assess the possible long-term effects of the protocol.
At the three evaluation points, saliva was collected
with Salivette® (Sarstedt AG & Co., Germany) (3).
Specifically, the patients chewed the Salivette® cotton
roll for 1 min which was then placed in a test tube
and centrifuged. Saliva was also placed at the bottom
of a second test tube, and the pH was measured using
a pH meter (Elettrofor XS Instruments, Borsea,
Italy). Saliva is a useful diagnostic tool to evaluate
the state of health of the oropharyngeal cavity and
contains many analytes linked with physiological
and pathological conditions due to stress (4).

Posture was assessed by the Rarog system
(software created and developed to improve the
capability and precision of the Kinect®, which
allows a static postural evaluation of subjects in a
few seconds) (5), taking into account the variation in
the position of the shoulders and pelvis in the frontal
plane. The body composition was studied through
the percentage variation in fat mass (FM), using the
BIA system. The participants performed physical
activity combining resistance and aerobic exercise:
10 min of warm-up phase on a cyclette; 20 min of
an aerobic phase performed on a treadmill; 15 min
of proprioceptive rehabilitation and balance training
using a multi-sensory protocol of the I-Moove®
system, a motor platform with elliptic oscillatory
movements and visual feedback for the requested
task (6); 10 min of lower limb muscle functional
stretching and 5 min of cool down.

The study participants did not receive dietary
supervision or personalized food advice and ate
according to the Mediterranean diet pyramid by
consuming cereals, fruits and vegetables, legumes,
olive oil, low-fat cheese and yogurt every day; fish
and eggs weekly; and meat once per month.

R.G. BELLOMO ET AL.

Outcome variables and statistical analysis

Fat mass (FM) was measured as a percentage of the
body weight (Kg). Ph of saliva was assessed through
the variable PH; a normal value of pH is 7+0.25.
Position of shoulders, is represented by SH variable,
which expresses the grade distance from the ideal
value of a correct posture of shoulders: 0°. Position
of the hip bone is assessed in grade by SB variable;
it expresses the values distance from the ideal angle:
0°. Descriptive statistics were used to describe the
sample. To determine how the sample changed over
time: from TO to T1 and T2, an ANOVA (within) on
the variables was performed to evaluate how physical
activity modified FM in patients and to understand
how diet suggestions influenced the stimulated pH of
the oral-pharyngeal cavity. The level for significance
was set at p<0.05. All tests were performed using the R
statistical software. Before carrying out the parametric
analysis, normality was tested. The distribution of data
for each variable at TO was assessed for normality
using the Shapiro-Wilks test. Because variables were
normally distributed (tested at 95%), all data were
analysed with parametric statistical tests.

RESULTS

The first evidence regarding FM, SB and
PH is that the mean of sample decreased in the
passage from TO to T1 (Fig. 1) and this change was
statistically significant only for FM and SB (Table I).
Instead, FM did not vary in a statistical significantly
way over time, while PH and SB changed in a
statistically significant way in the passage from TO
to T1 and from TO to T2 (Table I). The descriptive
statistics (Table II) shows how PH decreased from a
TO value of 7.61 to a value of 7.51 and after 1 month
without diet suggestions, it increased up to a value
of 7.83. The mean of FM at TO was 21.19% of the
body weight; after 3 months of diet suggestions it
decreased to 1.79% and at T2 it increased but less
than the baseline value. The mean of SB at TO was
1.39°, after 3 months it decreased to 1.04° and at T2
it decreased to 0.95°. Regarding SH (in mean) at the
baseline the value was 2, after 3 months the position
of shoulders was 2.22° in mean, but at T2 shoulders
were far from the ideal value of 1.52°,
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Table 1. ANOVA for repeated measures (within) and Post-hoc test.
ANOVA Post-hoc test
Variables P-value
P-value
TIME 1 - TIME 0 TIME 2 — TIME 0 TIME 2 - TIME 1

FM 0.00574 ** 0.00114 ** 0.21023 0.14718
PH 0.000327 *** 0.28483 0.00521 ** < le-04 ***
SH 0.000792 *** 0.00386 ** <0.00] *** 0.66579
SB 0.000972 *** 0.00396 ** 0.00396 ** 0.66581

For each variable: Fat mass (FM), Ph of stimulated saliva (PH), Position of shoulders (SH) and Position of hip bone
(SB) the significance level of p-value is : 0 “***°0.001 “**’

Table I1. Descriptive analysis of the sample.

Variable Mean + SD Range
AGE 20.43+0.94 19-22
FMO 21.19+7.69 9.64-41.25
FM1 17.59+5.24 7.94-28.11
FM2 19.48+6.39 8.38-28.77
SHO 2+0.49 1.23-3.2
SH1 2.22+0.74 1.6-3.6
SH2 1.52+0.66 0.81-3.4
SBO 1.39+0.67 0.69-2.6
SB1 1.04+0.6 0.3-2.6
SB2 0.95+0.66 0-2.5
PHO 7.61+£0.22 7.16-7.88
PH1 7.51+0.32 7.03-7.98
PH2 7.83+0.17 7.55-8.21

Descriptive analysis were performed for age; fat mass (FMO0, FMI1, FM2); Ph of stimulated saliva (PHO,PHI,PH2);
position of shoulders (SHO, SHI, SH2); position of the hip bone (SB0, SB1, SB2) at T0, at the end of treatment and after
1 month from the end of the treatment, respectively.
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Fig. 1. Change in average over time for each variable.

DISCUSSION

Many studies suggested beneficial effects
of combined programmes for the promotion of
healthy eating habits and physical activity (7).
Others have shown different techniques of somatic
peripheral neuro-sensorial stimulation for posture
modification and the consequent variation in body
mass index; however, few studies have combined
motor activity techniques on unstable platforms
with proper nutrition in a young population (8, 9).
Furthermore, the literature reports that a combination
of interventions physical
activity, knowledge, attitudes or behaviours related
to health has the potential to reduce the risk factors
associated with obesity (10). In fact, the efficacy of
the aerobic training at reducing fat mass (FM) was
clear in our results, which showed a statistically
significant decrease (11). It is known that for health,
background light physical activity and diet play
a fundamental role and are key components for a
high quality of life and contribute to weight loss
and to a healthier oral cavity (12). The posture

including nutrition,
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adaptations to physical activity require an adequate
level of muscular strength to act against external
forces and restore a given point of balance between
various bone segments, such as the shoulders and
pelvis (13). The I-Moove® instrumentation has
contributed to improvement in posture, in particular
the pelvic alignment (SB), confirming the benefits
of proprioceptive training to rehabilitate posture and
improve balance (14). A particularly notable change
is the reduction in the difference from the ideal value
(0°), with the difference changing from the TO value
of 1.39° to a value of 1.04° and then decreasing even
further at the follow-up to 0.95°. Furthermore, this
study shows how, by consuming a Mediterranean
diet combined with correct aerobic exercise, the
pH of saliva can be affected. Saliva is a specific
parameter that, as demonstrated by Dodds (2005),
suggests the general health of patient (15), and after
treatment it changed from 7.61 at TO to 7.51 at T1, so
approaching to the normal value. In future, the sample
size should be increased to confirm results shown in
this pilot study and to verify general suggestions for
proper nutrition and physical activity combination
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in young people. In conclusion, we can state that a
proper balanced diet and regular physical activity
should be the baseline to try to maintain a proper
level of biological and postural homeostasis. These
parameters could be studied through variations in
body composition, alteration of oral parameters and
postural implications.
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Oral bacteria that degrade sulphur-containing amino acids (cysteine, cystine, and methionine)
produce volatile sulphur compounds (VSCs = hydrogen sulphide, methyl mercaptan, and dimethyl
sulphide) highly correlated with halitosis. When these bacteria are given the right environment, i.e.
periodontal disease, cariogenic biofilm or food source they can grow in number very quickly and will
start to convert proteins to VSC that, together with volatile fatty acids are largely responsible for oral
malodor. Recently, the prevention of dental caries and periodontal diseases using various probiotics has
been attempted. The purpose of this study was to investigate the effects of probiotics based on in vitro
analysis, such as antibacterial activity, and to evaluate the neutralizing effect of probiotics on halitosis,

the levels of VSCs were measured by gas chromatography.

To the Editor,

Probiotics favourably influence both the
development and stability of microbiota, thereby
inhibiting the colonization of pathogens, enhancing
the mucosal barrier via tropic effects on the
epithelium, and stimulating both the innate and the
adaptive immune systems (1).

The most commonly used probiotic bacterial
strains belong to the genera Lactobacillus. These
bacteria are generally regarded as a part of the
normal human microbiota (1, 2). In the oral cavity,
lactobacilli usually comprise fewer than 1% of the

total cultivable microbiota, but no species specific
to the oral cavity has been found. In contrast, some
species are found in both oral and fecal samples (3).
Species commonly isolated from saliva samples
include L. paracasei, L. plantarum, L. rhamnosus,
and L. salivarius (2, 3). Several studies have
demonstrated that xylitol inhibits in vitro and in vivo
growth of Streptococcus mutans (4).

Another characteristic of dental plaque-related
diseases is their ability to induce halitosis, an oral
malodor. In fact, dental plaque-related diseases
secrete trypsin-like enzymes that produce volatile
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sulfur compounds (VSCs), such as hydrogen sulfide
(H,S), methyl mercaptan (CH,SH), and dimethyl
sulfide ([CH,],S), in the presence of methionine and
cysteine in human serum protein (4, 5). VSCs are
responsible for halitosis.

Therefore, based on the health benefits reported
for the combination of different probiotics, the
present study was aimed to investigate the effects
of different probiotics in combination with Chelated
Zinc (Hyperbiotics Pro Dental Probiotic Lozenges/
Tablets) on VSCby ahalimetric measurement analysis
and to test the usefulness of their antibacterial activity
on saliva sampling, in periodontally compromised vs
healthy subjects.

MATERIALS AND METHODS

Subjects and study schedule

The study was a randomised, controlled, double-blind
trial. A member of the research team evaluated suitability
for the study criteria. Suitable individuals enrolled were
provided with a participant information sheet, a consent
form, with instructions for the study period (daily tablets
administration and oral hygiene procedures). Informed
consents were obtained on a separate occasion prior to
participation. Participants were asked to refrain from
using any kind of chewing gum during the study period.
Throughout the study, the subjects used the same brand
of fluoridated toothpaste provided to them free of charge.

Antimicrobial mouth rinses were not allowed.
Compliance to given instructions was checked at all
sampling visits (baseline and every 4 weeks after, for
three months). At these visits, the subjects were also
interviewed for dietary habits and oral/general health.
These data were used to check for compliance, possible
adverse effects and other confounding factors.

The subjects were randomly allocated into four groups
(groups A-B-C-D). Groups A and C used probiotic test
tablets (Hyperbiotics Pro Dental Probiotic Lozenges/
Tablets) and group B and D used xylitol products
(Miradent professional prophylaxis chewing gum, 100%
Xylitol, vegan, no sugar) control tablets for 4 weeks. The
recommendation was 1 packet (containing two gums) per
day. The recommended number of gums/tablets resulted in
a daily xylitol dose of approximately 2 g which, according
to several studies, is too low to exert any “xylitol-effects”
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on the oral microbiota (4, 6). The first of two tablets was
instructed to be taken in the morning, and the second at
night before sleeping after brushing the teeth. The subjects
were asked to chew the tablet thoroughly to disrupt its
structure before swallowing.

Probiotic product

The test product (Hyperbiotics Pro Dental Probiotic)
has the following characteristics:.

» Targeted oral probiotic strains (L. reuteri and L.
paracasei) to effectively counter the indiscriminate
effects of antibacterials and other lifestyle choices that
can deplete the oral microbiome.

* Chelated zinc, that acts as an antioxidant and helps
to protect cells against the effects of free radicals while
playing a vital role in the formation of connective tissue,
teeth and bones.

* Vegetarian, non-GMO, no soy, sugar, iron, nuts,
artificial flavors, artificial colors, or preservatives, free of
lactose, gluten, and yeast.

Sample size and blinding

The groups were composed of 60 volunteers (15 per
each group) selected from patients seeking dental care at
the Dental Hygiene School, University of Bari Aldo Moro,
and from private practice. The groups (A or B for healthy
and C or D for periodontally compromised) were revealed
to the researchers only after the statistical analyses were
performed.

Inclusion criteria
Test group (A and B): patients aged between 18 and 60
years suffering from mild to moderate periodontitis with
good to fair oral hygiene were selected for the study.
Control group (C and D): healthy patients aged
between 18 and 60 years.

Exclusion criteria

e Patients using probiotic supplements

e Patients with allergy to lactose and fermented milk
products

*  Vegan diet (product made from skimmed cow’s
milk and therefore not suitable for vegans)

e Patients on antibiotic therapy or who had been
on antibiotic therapy in the previous 6 months or
during the trial period
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*  Pre-existing oral irritations or oral infections
(rampant caries, severe/aggressive gingivitis and
periodontitis, oral thrush, diagnosed halitosis, or
diagnosed xerostomia)

¢ Use of any mouthwash within the last month

*  Presence of excessive mobility of any tooth, which
required immediate treatment

*  Presence of periapical and/or periodontal abscess

*  Poorly controlled diabetes

e Patients suffering from any systemic diseases

*  Smokers and patients deemed to be uncooperative.

Saliva collection and microbiologic examination
Following the determination of clinical parameters,
saliva samples were collected from all the study subjects
at baseline and 60 day intervals to record the levels of
S. Mutans during the study period. In addition, to assess
the middle-term benefits on oral health after the probiotics

Table 1. Minimum, maximum, and median CFU (log")
of Streptoccocus Mutans in the saliva of subjects during
treatment with different lozenges.

Lozenges/Tablets * Streptococcus mutans
Time" Min Max Median
Hyperbiotics Pro 0.89 1.94 1.43
Dental -T0
Hyperbiotics Pro 0.68 1.76 1.22
Dental -T1
Hyperbiotics Pro 0.51 1.37 0.94
Dental -T2
* P value <0.001
Xylitol-T0 0.85 1.91 1.38
Xylitol -T1 0.78 1.87 1.32
Xylitol -T2 0.70 1.71 1.25
* P value <0.001

 Lozenges/tablets: Hyperbiotics Pro Dental and Xylitol; *T0:
baseline; T1: at 60 days, T2: at 60 days; T3: *Friedman test.

1325

and xylitol administration, a further investigation was
done at 90 days (additional 30 days from the end of the
study period). The samples were placed immediately in
sterile test tubes and sealed to prevent any contamination
and were analysed within 24 hours. Following extraction
of DNA, both qualitative and quantitative analyses of
the bacteria were carried out using multiplex polymerase
chain reaction (PCR). The sample containing the saliva
was transferred to a tube containing Tris-EDTA buffer
(T.E. buffer) and centrifuged at 50,000 rpm for 2 min. The
supernatant collected at the top was discarded, and fresh
T.E. buffer was added, and then centrifuged for 3-4 min.
The process was repeated 3-4 times, each with fresh T.E.
buffer.

Assessment of morning breath odour with Halimeter

Morning breath samples were obtained using
portable sulphide monitors: Halimeter (Interscan Co.,
Chatsworth, CA, USA), provided pro private practice.
Halimeter provided from private practice, were used for
the detection and estimation of the peak value of total
volatile sulphur compounds (VSCs) in parts per billion
(ppb) (7), according to the manufacturer’s instructions.
Participants were supplied with a leaflet explaining the
procedure, followed by demonstration of the sampling
technique by one of the study investigators in preparation
for participants’ self-sampling. Halimeter testing requires
a 3-minute mouth air incubation period prior to sampling.
Repeated measurements of mouth air collected with
the Halimeter (three repeats) were averaged for each

participant at baseline, 60 and 90 days intervals.

Statistical analysis

The statistical analyses were performed by using
Statistical Package for Social Sciences (SPSS for
Windows, Version 15) software. The significance of
differences between test and placebo groups in baseline
was evaluated according to distribution. The significance
of the difference within each group before and after
treatment was evaluated with the paired samples #-test
when normally distributed, or non-parametric Wilcoxon’
s sign-rank test otherwise. For parametric and non-
parametric tests, a p-value <0.05 was considered as
statistically significant.

The bacterial count differences in median ranks for
repeated measures among time intervals [baseline (T0), 60
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Table I1. Clinical assessments of the study population before and after treatment.

Group VSC (ppb) VSC and polyamines

Controls

TO0 140 Low
Controls

T1 100 Low
Controls

T2 100 Low
Probiotic

TO 432 High
Probiotic

T1 336 Med
Probiotic

T2 220 Med

05

CFU (log'?%) of S. Mutans

15
1 :

Baseline 60th Day 90th Day

== Test Group
-@-Control Group

Fig. 1. Salivary Streptoccocus mutans scores for the test and control groups at baseline and at the end of the study period.

days effect (T1), and 90 days effect (T2) were compared
by the non-parametric Friedman test, and significance
levels were set at 0.05. Wilcoxon signed rank test was
used to compare two dependent nonparametric values,
and significance level was chosen as 0.01 according to

Bonferroni adjustment.

RESULTS

Microbiologic and halimeter examination

The minimum, maximum, and median CFU of total
S. mutans bacteria in the saliva of subjects at baseline, 60
days and at 90 (other 30 days from the end of probiotic
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an xylitol administration) days intervals, are presented
in Table I and Fig. 1. Great variations in inter- and intra-
individual measurements were observed. The clinical
assessments of the study population recorded for VSC
score before and after the treatment are reported in
Table II. Both the examinations showed a significant
decrease from the baseline.

Compliance

Compliance with the course of the intake of
tablets and the number of pills not taken by the
participants were also documented. All subjects
returned the medication bottles. The median of
80% subjects from all groups (100%) completed the
course of tablets as indicated.

DISCUSSION

The assessment of the use of probiotics in the
control of dental caries has been limited by the
number of subjects needed, prolonged treatment
duration and high cost. Most studies have measured
counts of Streptococcus mutans in saliva or dental
plaque, and/or the flow, pH or buffering capacity
of saliva. A recent systematic review and meta-
analysis provided a useful guide to clinical decision-
making and direction for further research (8-11).
One of the earliest probiotic strains proposed to
target oral malodour and fulfilling the above criteria
was the bacteriocin-producing strain S. salivarius
K12, which reduced breath VSC concentrations in
individuals who consumed the probiotic lozenges
after pre-treatment with a chlorhexidine rinse (12).

Limitations of the present study include the
relatively small number of participants and the
short-term study period. Therefore, further long-
term studies including a large-scale Randomized
Controlled Trial (RCT) are necessary to determine
the utility of probiotics as an alternative approach
for the treatment and prevention of dental plaque-
related diseases. The major limitation of this study
is the statistical power. This study could be too small
to detect the real differences between the groups. An
increase of the sample size is suggested. This being
a short-term study, the results can be used as baseline
data for future studies with similar study design.
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In conclusion, probiotics have different benefits
in oral care. The full complex probiotic formula
used in this study showed a strong survival rate
under poor oral conditions, and several positive
results, including VSC production, and efficient
coaggregation. Additionally, the tested probiotic and,
in a lesser amount, xylitol-containing chewing gums
seem to be effective in reducting salivary S. mutans
levels. Their constant long-term consumption is
therefore recommended to prevent caries. Further
studies are needed to elucidate their potential for use
in the treatment of oral diseases.
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Dental plaque-related diseases (cavities, gingivitis, periodontitis and halitosis) have been traditionally
controlled by mechanical non-specific removal of plaque. However, many novel treatment approaches
aim to inhibit the growth of pathogenic bacteria or to remove their toxins. Probiotics are viable
microorganisms which, when administered in adequate amounts, provide a health benefit to the host.
Recently, probiotics have been applied as new tools for the improvement of dental health. They have been
used to substitute existing antibiotic treatments due to increased resistant bacteria. Probiotics not only
have antibacterial activity, but they also have inhibitory effects on the reappearance of oral pathogenic
bacteria. The aim of this study was to assess the clinical effect of the administration of probiotics agents
in the treatment of mild to moderate periodontitis.

To the Editor,

Probiotics are defined as bacteria with
physiological benefits for humans. The characteristics
are scientifically demonstrated to have beneficial
physiological effects: safety for human use, stability
in acid and bile, and adherence to the intestinal
mucosa (1-4). Probiotics favourably influence
both the development and stability of microbiota,
thereby inhibiting the colonization of pathogens,
enhancing the mucosal barrier via tropic effects on
the epithelium, and stimulating both the innate and
the adaptive immune systems (4).

The most commonly used probiotic bacterial
strains belong to the genera Lactobacillus. These

bacteria generally are regarded as a part of the
normal human microbiota (1-4). Species commonly
isolated from saliva samples include L. paracasei,
L. plantarum, L. rhamnosus, and L. salivarius (5).
The ecological plaque hypothesis suggests that
selective pressure in environmental conditions can
change the balance between oral health and disease
(6). However, data are still inadequate, therefore
more information is needed on the colonization of
probiotics in the oral cavity and their possible effects.

Due to globalization and increasing problems
with antibiotic resistance, the alternative concept
of probiotic therapy deserves further research in
the field of periodontal health. Nowadays, with the

Key words: probiotics, periodontal health, dental plaque-related diseases, randomised controlled trial
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increase of multi-drug bacteria-resistant diseases, it
is necessary to consider a further alternative in the
treatment of periodontal disease. Therefore, based
on the health benefits reported for the combination
of different probiotics, the present study was aimed
to investigate the impact of a probiotic combination
with Chelated Zinc (Hyperbiotics Pro Dental
Probiotic Lozenges/Tablets) on plaque accumulation
and gingival health in periodontally compromised vs
healthy subjects.

MATERIALS AND METHODS

Subjects and study schedule

The study is a randomized, controlled, double-
blind trial. A member of the research team evaluated
suitability for the study criteria. Suitable individuals
were enrolled and were provided with an information
sheet and instructions for the study period (daily
tablet administration and oral hygiene procedures),
and informed consents for participation in the study
were obtained. Participants were asked to refrain
from using any kind of chewing gum during the
study period. Throughout the study, the subjects used
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the same brand of fluoridated toothpaste provided to
them free of charge. Antimicrobial mouth rinses were
not allowed. Compliance to given instructions was
checked at all sampling visits (baseline and every 4
weeks after, for three months). At these visits, the
subjects were also interviewed for dietary habits and
oral/general health. These data were used to check
for compliance, possible adverse effects and other
confounding factors.

The subjects were randomly allocated into four
groups (groups A-B-C-D): groups A and C used
probiotic test tablets (Hyperbiotics Pro Dental
Probiotic, USA Lozenges/Tablets) and group B
and D used xylitol products (Miradent professional
prophylaxis chewing gum, 100% Xylitol, Vegan, no
sugar, Germany) control tablets for 4 weeks. The
recommendation for probiotic lozenges was 1 piece
per day. The recommended number of gums/tablets
resulted in a daily xylitol dose of approximately 2
g which, according to several studies, is too low to
exert any “xylitol-effects” on the oral microbiota (7).
The first of two tablets were taken in the morning,
and the last one at night, after brushing the teeth
before sleeping. The subjects were asked to chew

Table 1. Demographic and clinical characteristics at baseline of all groups. Mean values + standard deviation.

Test group
(n=30)

Placebo group
(n=30)

p-value

Age (95% CI) 55.0 (45.7-64.9)

51.8 (40.8-61.6) 0.321 (z-student)

0.150 (Chi?)

Gender F:33%, M:67% F:69%, M:31%
Plaque index (%) 58.7+19.13 51.3+16.33 0.476 (t-test)
Bleeding on probing (%) 49.9+18.46 41.5+19.58 0116 (¢-test)
P"Ckf‘t_spr;’l':;“(% /f)epths 48.4+20.32 40.7+19.23 0.159 (t-test)

All p-values were greater than 0.05.
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the tablet thoroughly to disrupt its structure before
swallowing.

Probiotic product
The test product (Hyperbiotics Pro Dental

Probiotic) has the following characteristics:

» targeted Oral Probiotic Strains (L. reuteri
and L. paracasei) to effectively counter the
indiscriminate effects of antibacterials and
other lifestyle choices that can deplete the oral
microbiome;

e chelated zinc, that acts as an antioxidant and
helps to protect cells against the effects of
free radicals while playing a vital role in the
formation of connective tissue, teeth and bones;

* vegetarian, non-GMO, no soy, sugar, iron,
nuts, artificial flavors, artificial colors, or
preservatives, free of lactose, gluten, and yeast.

Sample size and blinding

Each of the four groups was composed of 15
volunteers selected among patients seeking dental care
at the Dental Hygiene School, University of Bari Aldo
Moro, and from private practice. The group numbers
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(A or B for healthy and C or D for periodontally
compromised) was revealed to the researchers only
after the statistical analyses were performed.

Inclusion criteria

Test groups (A and B): Patients aged between 18
and 60 years and suffering from mild to moderate
periodontitis with good to fair oral hygiene were
selected for the study.

Control group (C and D): Healthy patients aged
between 18 and 60.

Exclusion criteria

»  Patients using probiotic supplements

» Patients with allergy to lactose and fermented
milk products

*  Vegan diet (product made from skimmed cow’s
milk and therefore not suitable for vegans)

» Patients on antibiotic therapy or who had been
on antibiotic therapy in the previous 6 months or
during the trial period

*  Pre-existing oral irritations or oral infections
(rampant caries, severe/aggressive gingivitis and
periodontitis, oral thrush, diagnosed halitosis, or

= Baseline (TO)
s 5 |

uT2

Plaque Index
(TEST Group)

PPD4-5mm
(TEST Group)

Bleeding on Probing
(TEST Group)

Plaque Index
(CTRL Group)

PPD4-5mm
(CTRL Group)

Bleeding on Probing
(CTRL Group)

Fig. 1. Group A vs Group B positive effects of probiotics on periodontal group.
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diagnosed xerostomia)

*  Use of any mouthwash within the last month

* Presence of excessive mobility of any tooth,
which requires immediate treatment

*  Presence of periapical and/or periodontal abscess

*  Poorly controlled diabetes

»  Patient suffering from any systemic diseases

* Smokers and patients who are deemed to be
uncooperative.

Determination of plaque and gingival index

A complete periodontal examination was
conducted including a full medical and dental
history, an intra-oral examination and a full-mouth
periodontal probing. Registration of probing pocket
depths (PPD), Plaque Index (PI) and bleeding on
probing (BOP) was carried out. Clinical parameters
were assessed using a manual probe CP-15 UNC, at
six sites per tooth, excluding third molars.

The Plaque Index (PI) was recorded by assigning
a binary score to each surface (1 for plaque present,
0 for absent) and calculating the percentage of total
tooth surfaces that revealed the presence of plaque
detected using a periodontal probe (8-10).

Similarly, bleeding on probing (BOP) was

S. CANTORE ET AL

calculated as a percentage of bleeding surfaces vs
all surfaces according to Ainamo and Bay (11). In
this registration a bleeding point is considered when
bleeding emerges within 10 s after probing. Probing
pocket depths (PPD) were measured in mm as the
distance from the gingival margin to the location of
the tip of a periodontal probe inserted in the pocket
with moderate probing force. PPD were recorded at
six sites of every tooth present: mesio-buccal, mid-
buccal, disto-buccal, disto-lingual, mid-lingual and
disto-lingual.

Statistical analysis

The statistical analyses were performed by using
Statistical Package for Social Sciences (SPSS for
Windows, Version 15) software. The significance
of differences between test and placebo groups in
baseline was evaluated according to distribution.
The significance of the difference within each group
before and after treatment was evaluated with the
paired samples #-test if it was normally distributed,
or otherwise with non-parametric Wilcoxon’s sign-
rank test. For parametric and non-parametric tests,
a p-value <0.05 was considered as statistically
significant.

45

AL NN
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PPD4-5 mm
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Bleeding on Probing
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Fig.2. Group C vs Group D: positive effects of probiotics on healthy group.
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RESULTS

The baseline characteristics of all the subjects
who participated in the study are displayed in
Table 1. The baseline examination revealed that
the study groups showed similar characteristics for
percentage of pockets, plaque and bleeding levels,
with no significant differences between the two
groups. The clinical results were encouraging, and
patients provided positive feedback on the use of this
protocol (Figs. 1-2).

Plaque index

Plaque scores decreased in the test group from
baseline to final measurement and the difference
was statistically significant. However, in the placebo
group an increase in the mean values occurred,
suggesting a non-statistically significant (p = 0.396)
increase of plaque accumulation among the placebo
group during the study period. The change in PI for
the test group was statistically significant (p =0.007),
demonstrating a reduction of the plaque index after
the use of the probiotic agent; however, the control
group demonstrated a non-statistically significant
increase in PI after the use of the placebo chewing-
gum.

Bleeding on probing

The mean BOP (%) at baseline was 49.9 for the
test group and 41.05 for the control group. After the
use of the probiotic agent, the mean BOP was 33.3
for the test group, showing a statistically significant
reduction (p = 0.005) in bleeding on probing after
the use of the Hyperbiotics Pro Dental Probiotic, but
the control group demonstrated a non-statistically
significant increase in BOP with a mean BOP of
40.0.

Pocket probing depths

The mean percentage of sites with PPD of 4-5
mm at baseline for the test group was 48.4 and 40.7
for the control group. At the end of treatment the
mean PPD for the test group showed a statistically
significant reduction (p =0.045), with a mean of 35.5,
and the control group increased the PPD mean to
41.5. Variation in periodontal clinical parameters as
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percentage, before and after the use of Hyperbiotics
Pro Dental Probiotic and placebo treatment, are
represented in Figs. 1 and 2.

Compliance

Compliance with the course of the intake of
tablets and the number of pills not taken by the
participants were also documented. All subjects
returned the medication bottles. The median of
80% subjects from all groups (100%) completed the
course of tablets as indicated.

DISCUSSION

The selection of the ‘best’ probiotic for oral
health is also a controversial issue (1-4). We selected
Hyperbiotics Pro Dental Probiotic as the probiotic
for the present study because Lactobacilli are found
in the oral cavity and have been shown to have
varying ability to interfere with the growth of oral
pathogens (6). Limited information is available
about appropriate probiotic dosing regimens and
only a few dose comparison studies have been
undertaken (7). In this study we prescribed one
tablet of Hyperbiotics Pro Dental Probiotic per day.
The rationale is based on the study of Twetman et
al. (12), where a dose-response relationship or a
threshold level seemed to appear, but it would be
too early to propose any clinical recommendations
at this stage. The choice of dosage comes from an
analysis of previous studies and the manufacturer’s
recommendation. In the present study, a reduction
of clinical indices was not observed in the placebo
group subjects; however, a non-significant increase
of clinical indices was reported. We considered it
unlikely that this phenomenon was induced directly
by the placebo gums.

Limitations of the present study include the
relatively small number of participants and the
short-term study period. Therefore, further long-
term studies including a large-scale RCT are
necessary to determine the utility of probiotics
as an alternative approach for the treatment and
prevention of periodontal diseases. The best means
of administering probiotics and the dosages needed
for different preventive or therapeutic purposes are
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still under investigation. The major limitation of this
study is the statistical power. This study could be
too small to detect the real differences between the
groups. An increase of the sample size is suggested.
This being a short-term study, the results can be used
as a baseline data for future studies with similar
study design.
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Hypomineralization represents one of the most common defects in tooth crowns. Thanks to a wide
understanding of aesthetics, patients request a treatment to resolve these defects. Different techniques
are available, such as crowns/veneers, traditional restorative treatments, microabrasion, whitening,
remineralizing agents and infiltration technique. The objective of this trial is to assess the effectiveness
of superficial infiltration with Icon (DMG, Hamburg, Germany) on the attenuation of crown
hypomineralized lesions of various etiological origins with a 12-month follow-up. Seventeen patients
with white defects of enamel in the aesthetic sector were selected. The infiltration procedure was carried
out following the manufacturer’s instructions. Intraoral photographs were taken before and directly
after treatment in order to document the immediate change in colour. Check-ups were performed 1 and
12 months later. All the defects which were treated showed a degree of attenuation. The teeth affected
by molar incisor hypomineralization (MIH) showed partial attenuation in 8 cases, and only in one case
the defect disappeared. Regarding the post-trauma cases, 6 were partially attenuated and 2 disappeared.
The post orthodontic defects disappeared in 6 cases and were attenuated in 5. All incipient caries defects
were completely hidden. Four out of 6 cases of fluorosis disappeared. Diagnosis plays a key role in
guiding the dental clinical selection of treatment. While it has always been possible to achieve a high
level of attenuation in cases of fluorosis and lesions of caries origin, cases of MIH should probably be
treated using more invasive techniques. Post-trauma lesions should be infiltrated with caution, and only
after having informed the patient of the possible ineffective outcome.

To the Editor,

Despite the different possible etiologies, white
defects of enamel have a main characteristic in
common: hypomineralization (1, 2).

When a ray of light strikes the hypomineralized
enamel due to refraction of the light, it is forced
to undergo continuous changes in direction. The
perception we are given is that of an opaque and
too bright zone that is easy to distinguish from the
healthy enamel (2, 3). Since the characteristics most

closely related to the concept of beauty involve the
oral region in particular, very often patients request a
treatment to resolve their aesthetic dental problems.

Today there are many different therapeutic
possibilities that the dentist can offer to meet
the request to treat more or less invasive enamel
defects: crowns and veneers, traditional restorative
treatments, microabrasion, whitening, treatments
with  remineralizing agents and infiltration
techniques. In this last technique new resinous

Key words: superficial infiltration, white defects of enamel, hypomineralization
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materials distinguished by low viscosity are used, so
they are able to penetrate the hypomineralized enamel
deep down, which were initially proposed for the
microinvasive treatment of incipient interproximal,
and non-cavitated caries (4), but recently indications
have been extended to the aesthetic treatment of
enamel defects on the vestibular surfaces thanks to
the resin’s refractive index (1.46), similar to that of
healthy enamel (1.62) (5-7).

The purpose of this study is to assess the
effectiveness of infiltration treatment on different
types of white defects of enamel.

MATERIALS AND METHODS

This study was conducted at the University of Modena
and Reggio Emilia, during the year 2017, on a sample of
17 patients (7 males and 10 females), aged from 8 to 26
years, with white defects of enamel in the dental aesthetic
area. The informed consent forms were collected before
enrolling the patients in the study and carrying out the
treatment. This work was conducted in according to the
Declaration of Helsinki principles.

Each patient was asked to fill in questionnaires before
and after treatment in order to point out the subjective
assessment of the attenuation’s effectiveness. All defects
were treated by the same dentist. The treatment technique
used closely followed the instructions provided by the
manufacturer (DMG, Hamburg, Germany):

* isolation of the field with dam and hooks, dental floss
ligatures, transparent matrices and wedges are always
necessary;

* cleaning of the dental surfaces with prophylaxis pastes;

* etching with 15% hydrochloric acid (Icon Etch, DMG)
for 120 s;

* cleansing of the surfaces with abundant water jet for 30
s and drying with a jet of air;

* application of 99% pure ethanol (Icon-Dry, DMG) for
30s;

* drying with a jet of air;

* assessment of the need for new etching by a student or a
restorative dentistry expert (each surface was etched 3
times at most);

* having completely dried the surface after the final
application of ethanol, the first infiltration with the
infiltrating resin (Icon Infiltrant, DMG) can be carried
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out, leaving the material in position for 3 min;

*  photopolymerization with UV lamp for 40 s after
eliminating excess material using a cotton roller on the
vestibular surfaces and dental floss in the interproximal
areas;

* second application of infiltrant, in position on the
surfaces for 1 min, followed by polymerization for 40 s;

* polishing of the surfaces, assessment of the contact
points and application of abrasive strips in the
interproximal zones, is necessary.

Photographs were taken at 4 different times [before
treatment (TO), directly afterwards (T1), one month (T2)
and twelve months later (T3)] at the same Dental Clinic,
with the same camera (Nikon D7000) fitted with lens
(Nikon AF Micro Nikkor 105mm (1:2.8 D) and ring flash
(Nikon Macro Speedlight).

Finally, the images collected were analyzed and evaluated
by two qualified dentists. A value of 0 was assigned if no
degree of attenuation was achieved, a value of 1 if there was
partial attenuation in which the improvement was seen as
less extension or less contrast with the surrounding healthy
enamel, and a value of 2 if it was impossible to distinguish
the defect from the healthy enamel.

RESULTS

Seventeen patients participated in this study: 7
males and 10 females, aged from 8 to 26 years (mean
14.7 years, ¢ = 5,36). Thirty-eight teeth with white
defects of enamel were treated. Within the group of
the treated defects, all appeared attenuated at the last
check-up (T3), with 21 partially attenuated and 17
that had disappeared.

All incipient caries defects were completely
hidden. Four teeth were treated and from the first
step to the 12-month follow-up, there was a complete
resolution of the defect.

The post orthodontic defects disappeared in 6
cases and were attenuated in 5. Eleven teeth were
treated and from the first step to the 12-month follow
up, there was a complete resolution of the defect in 6
cases. Three cases were not attenuated at T1 and at 1
month (T2), but after a longer period, 12 months, they
were partially attenuated.

In cases of fluorosis, 4 out of 6 disappeared. Six
teeth were treated, and from the first application to the
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12-month follow-up there was a complete resolution
of the defect in 3 cases. Three cases were partially
attenuated at T1 and at 1 month (T2), but after a longer
period, 12 months, one of them was totally hidden.

Regarding the post-trauma cases, 6 were partially
attenuated and 2 disappeared. Eight teeth were treated
and from the first application to the 12-month follow-
up, there was a complete resolution of the defect in 2
cases. Two cases were no attenuated at T1, but, after
one month (T2), they were partially hidden.

The teeth suffering from MIH showed partial
attenuation in 8 cases, and only in one case the defect
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disappeared (Figs. 1 and 2). Nine teeth were treated and
at the first check-up there was no complete resolution
of any defect: 7 teeth were partially attenuated and 2
had no attenuation at all. After one month (T2), one
defect was totally attenuated. After 12 months (T3) 2
more teeth were partially attenuated.

DISCUSSION

Infiltration of the white lesions is a minimally
invasive approach which permits an aesthetic
problem to be treated while reducing aggressiveness

Fig. 1. Before treatment in patient with molar incisor hypomineralization.

Fig. 2. After treatment in patient with molar incisor hypomineralization at T3.
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on healthy tissues to a minimum. Before proposing
the treatment, the dentist must, however, assess its
possible effectiveness based on the diagnosis (8, 9).

The variability ofthe results in this study is justified
by the histological differences (10) of the lesions.
Even if it was not possible to achieve the hoped-for
cosmetic results in all cases, the main objective of
the technique was instead achieved in all of them,
i.e. blocking of the pathways, thus preventing further
loss of mineral substance. Moreover, in the cases of
lesions of caries origin, progression of the pathology
was blocked before cavitations appeared (1, 11).

Correct diagnosis plays a central role in being
able to predict the results of infiltration technique
in the treatment of white defects of enamel. Even
if all the white defects have hypomineralization of
the enamel forming them in common, each of them
is distinguished by the topographical shape it takes.
Knowing the anatomopathological characteristics
of the lesions and their depth, shape and volume
allows us to guide definitively the dentist toward
the possibility, or impossibility, of infiltrating the
lesion.. Based on the results attained from this study,
we can say that the erosion-infiltration method adds
a therapeutic possibility of treating hypomineralized
white enamel defects.
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The aim of the present study was the development of a reliable method to evaluate the pattern of the
ongoing T-cell response in young infants affected by respiratory infection. To this purpose, we enrolled
44 infants hospitalized with a diagnosis of respiratory syncytial virus bronchiolitis. After a short-term
stimulation of whole blood samples, intracellular IFN-y and IL-4 cytokines were measured in CD4* and
CD8" T-cell subsets by flow cytometry. A stringent staining and gating strategy was used in order to
maximize the reduction of background noise and to exclude false positives. The frequencies of cytokine-
producing T-cell subsets, albeit low, were easily quantifiable. Cytokine responses were higher in infants
sampled > 7 days from the onset of symptoms. The use of a rigorous strategy for cell staining and gating,
coupled with a short-term stimulation of whole blood and a careful evaluation of time elapsed from the

onset of symptoms constitutes a convincing approach for future clinical studies.

To the Editor,

Bronchiolitis is an acute inflammatory injury of
the bronchioles usually caused by a viral infection
and is one of the most common causes of pediatric
hospitalization (1). Respiratory syncytial virus (RSV)
is the most common pathogen causing bronchiolitis
(2, 3) and virus-induced inflammation is believed
to contribute substantially to the severity of disease
(3). The onset of an unbalanced T-cell response
in RSV-infected infants likely contributes to the
immune-mediated pathology and to the increased
risk of developing wheeze and asthma later in life
(3, 4). Among the assays that have been developed
T-cell function, the
staining (ICS) coupled to flow cytometry allows for
immunophenotyping of the cells, including multiple
cytokines readouts (5). Unlike alternative approaches

to examine intracellular

that also detect cytokine expression such as enzyme-
linked immunospot or ELISA assays, ICS enables
the simultaneous detection of the specific subset of
responder cells (e.g. CD4" or CD8* T-cells). Moreover,
the development of multi-parameter instruments
gave the possibility to simultaneously measure the
expression of multiple cytokines that characterize the
T-cell phenotypes at the single cell level.

The aim of this study was to develop an assay
suitable for the evaluation of T-helper (Th-1)/Th-2
cytokine production by CD4" and CD8" T cells in
pediatric patients with RSV-bronchiolitis. We intended
to measure the ongoing effector T-cell responses using
as small a volume of blood as possible; therefore we
adopted an ICS protocol based on a short-term direct
stimulation of whole blood. The study involved a
cohort of children hospitalized for RSV-bronchiolitis
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during the last epidemic season (2016-2017) in the
Pediatric Emergency Department of Policlinico
Umberto I Hospital in Rome, Italy.

MATERIALS AND METHODS

Ethical statements

This study was conducted according to the principles
of the Declaration of Helsinki; the Ethics Committee of
the Policlinico Umberto I Hospital approved the study and
informed consent was obtained from the infants’ parents.

Study participants and blood collection

Forty-four unrelated infants aged less than one-
year hospitalized for RSV bronchiolitis from November
2016 to April 2017 were enrolled. The study population
belongs to an Italian cohort of term, non-low birth weight,
otherwise healthy infants hospitalized with bronchiolitis
at the Pediatric Emergency Department of Policlinico
Umberto I Hospital, “Sapienza” University of Rome
[Brome (Bronchiolitis in Rome)]. Bronchiolitis was
defined as the first episode of acute lower airway infection,
characterized by a history of upper respiratory tract
infection followed by acute onset of respiratory distress
with cough, tachypnea, retractions and diffuse crackles on
auscultation (3). Patients were excluded from the study
in the presence of other viral infection; infants with RSV-
negative bronchiolitis were likewise excluded.

With the aim of defining the optimal timing for immune
response monitoring, the study population was divided
into two subgroups, those sampled earlier than 7 days
from the onset of symptoms (day 7 included) and those
sampled later than 7 days from the onset of symptoms.

Whole blood stimulation and permeabilization

Venous blood (600 ul) was collected in sodium
heparin Vacutainer tubes (BD Biosciences, San Jose, CA,
USA). Immediately after withdrawal, the blood sample
was taken to the laboratory and processed. In order to
determine the frequencies of cytokine producing CD4" and
CDS8* T cells for each infant, we adopted an experimental
protocol built on evidence from previous studies, which
defined the best conditions for blood stimulation and
culture (6, 7). Whole blood was diluted 1:1 with RPMI
cell culture medium (Thermo Fisher Scientific) and
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incubated in polypropylene tubes at 37°C for 24 h, either
left unstimulated or stimulated with Staphylococcal
enterotoxin B (SEB) at 1 pg/mL (Sigma-Aldrich, St.
Louis, MO, USA). This approach was preferred to the
use of other polyclonal T-cell activators, since SEB
covalently binds MHC and TCR and triggers proliferation
and cytokine responses similarly to physiological TCR
triggering, requiring the presence of antigen presenting
cells (8). Brefeldin-A (Sigma-Aldrich) was added during
the last 18 h of incubation, at 10 pg/mL, to inhibit cellular
secretion. Whole blood cultures were then harvested and
red blood cells lysed with FACS lysing solution (BD
Biosciences). The remaining white cells were stained with
Live/Dead Fixable Violet Dead Cell Stain Kit (Thermo
Fisher Scientific). Cells were then fixed by 1% PFA for 15
min at room temperature and permeabilized using FACS
buffer and 5% Saponin.

Intracellular cytokine staining and flow cytometry

Cells were incubated with a panel of fluorochrome-
conjugated monoclonal antibodies (mAbs) for 30 min
at 4°C. The composition of panel was: anti-CD3-FITC,
anti-CD4-APC-H7, anti-CD8-APC700, anti-IL-4 APC
(all from BD Biosciences), anti-IFN-g-PerCPCy5.5
(Biolegend, San Diego, CA, USA), anti-CD14-eFluor450
and anti-CD19-eFluor450 (both from eBioscience,
Thermo Fisher Scientific). Saponin (5%) was added to
the antibody mix. Cells were finally resuspended in 250
uL 1% paraformaldehyde and acquired on a Gallios Flow
Cytometer (Beckman Coulter, Miami, FL, USA). Stained
samples were acquired with a standard stopping gate set at
50,000 CD3+ T-cells. Compensation was performed using
VersaComp Antibody Capture Beads (Beckman Coulter)
stained with each individual mAb and compensation
matrices were calculated with Kaluza 1.3 software
software (Beckman Coulter). Data were analyzed using
Kaluza software. Gating strategy and an example of raw
flow cytometry data are shown in Fig. 1.

Data analysis

Frequencies of cytokine-expressing CD4* and CD8* T
cells stimulated by SEB were determined after subtracting
percentages of cytokine-expressing cells detected in
unstimulated controls. The chi-squared test was used to
evaluate statistical differences. A p-value below 0.05 was
considered statistically significant. Statistical analysis was
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performed using Graph Pad Prism (Graph Pad Software
Inc., San Diego, CA, USA).

RESULTS

The demographic and clinical overview of the
study sample is summarized as follows: the age at
hospitalization (mean+Standard Deviation) was
77.44447.73 days; the mean hospitalization stay was
5.71£2.06 days and the mean interval in days from
the onset of symptoms to blood withdrawal was
6.82+2.30 days (Table I).

Whole blood was withdrawn from RSV-
bronchiolitis infants, processed, stimulated and
incubated overnight in the presence of Brefeldin A.
A stringent staining and gating strategy was then
adopted to detect cytokine producing T-cell subsets,
minimizing the occurrence of false positives (Fig. 1).
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The percentages of cytokine-producing CD4" and
CDS8* T cells in untreated and SEB-stimulated whole
blood cultures are shown in Table II. The frequencies
of Th1 cells (IFN-y" of CD3*CD4"), Th2 cells (IL-4"
of CD3*CD4"), type 1 cytotoxic T cells (Tcl) (IFN-y*
of CD3*CD8") and type 2 cytotoxic T cells (Tc2)
(IL-4" of CD3*"CD8") were calculated by subtracting
background from SEB-stimulated values, and are
shown in Table III. A tendency towards a preferential
induction of Th1 and Tc1 cells was observed.

Since the present study dealt with infants
hospitalized with primary viral infection, it was
important to assess the optimal timing for the
monitoring of the immune response. We divided
the study populations into two subgroups, those
sampled earlier than 7 days from the onset of
symptoms (day 7 included) and those sampled
later than 7 days from the onset of symptoms. We
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Fig. 1. Gating strategy used to identify cytokine producing T-cell subsets. Successive gates were applied to: a) exclude
anomalies in the acquisition, defined by accurate acquisition of events displayed in the dot plot as a function of the time
parameter, b) exclude dead cells, CD14+ monocytes and CD19+ B-cells; ¢) identify Leucocytes minus CD14+/CD19+
cells; d) identify singlet cells by means signal intensity measured as Area or Height pulse; e) identify CD3+ T-cells; f)
identify CD4+ and CD8+ T-cell subsets. The percentages of IFN-y and IL-4 producing cells (g, h, i, j) were then assessed

within the CD4+ or the CD8+ T-cell subsets.
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Table 1. Demographic and clinical overview of the study sample.

Variables (n=44)
Sex (male vs female) 50%
Age (days) 76.68+47.44
Gestational age (weeks) 38.23+1.85
|Birth Weight (Kg) 3.00+0.46
|[Family history of asthma 34%
|[Family history of rhino-conjunctivitis 56.7%
|[Family history of eczema 18%
[Presence of passive smoke 61.3%
[Hospitalization stay in days 5.67+£2.05
|Days from symptoms to blood withdrawal 6.82+2.30
Oxygen-therapy 43.2%
Score - entrance 3.91+1.63
Score- hospitalization 4.32+1.90

Table I1. Percentages of cytokine positive cells in untreated and SEB-stimulated whole blood cultures.

CD3+CD4+IFNy
+ CD3+CDA+IFNy + CD3+CDA4+IL-4+ NT CD3+CD4+1L-4+ SEB
SEB
NT
0.06:0.06 0.19+0.23 0.02+0.02 0.04+0.07
(0.00 - 0.28) (0.01 - 1.43) (0.00 - 0.08) (0.00 - 0.41)
CD3+CD8+IFNy + CD3+CD8+IFNy + CD3+CD8+IL-4+ NT CD3+CDS8+IL-4+ SEB
NT SEB
0.13+0.12 0.75+1.02 0.01+0.02 0.04-0.12
(0.00 - 0.49) (0.03 - 4.90) (0.00 - 0.08) (0.00 - 0.72)

Data are expressed as meantstandard deviation (min — max).
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Table I11. Frequencies of T-cell subsets producing IFN-y and IL-4.

Thl Th2 Tel Te2
(CD3+CD4+IFNy+) (CD3+CD4+IL-4+) | (CD3+CD8+IFNy+) | (CD3+CDS8+IL-4+)
All infants 0.125+0.20 0.021+0.03 0.57+0.96 0.013+0.05
<7 days of disease 0.088+0.07 0.018+0.024 0.42+0.69 0.006+0.01
>7 days of disease 0.16+0.27 0.024+0.041 0.71+1.17 0.024+0.06

Frequencies of Thl cells, Th2 cells, type I cytotoxic T-cells (1cl) and type 2 cytotoxic T-cells (1c2) were calculated by
subtracting percentage of cytokine positive cells in untreated cultures from values identified in SEB-stimulated cultures.

Data are expressed as mean+Standard Deviation.

found that in early sampled infants, the frequencies
of cytokine-producing T cells were overall lower
than in infants sampled > 7 days from the onset
of symptoms, in particular when considering the
frequencies of Th-1 cells, although differences
between the two subgroups were not statistically
significant (Table III).

The aim of the present report is to bring to attention
the potential advantages of a newly developed whole
blood-ICS method for studies aimed at the definition
of the immunological status in infants. It has still not
been clearly established whether a specific pattern
of Thl or Th2 immune response is distinctive of
RSV bronchiolitis. Results from previous studies
diverge largely, with reports of either Thl or Th2
polarization (3, 9, 10). This diversity, besides
reflecting the complex interplay between viral and
host factors, is related also to different study designs
and experimental approaches. Other studies have
been published reporting T-cell cytokine production
by bronchiolitis patients using ICS of whole blood
or purified peripheral blood mononuclear cells
(PBMCs) (11, 12). Unlike previous studies, we have
set a stringent staining and gating strategy aimed
at reducing the occurrence of false positive signals
(7). In fact, when performing flow-cytometry, it is of
crucial importance to exclude non-specific binding,

which can lead to background noise and false
positives. A first crucial step was staining samples
with a dead cells exclusion dye. Dead cells have
great autofluorescence and increased non-specific
antibody binding and, when not excluded from the
analysis, lead to the identification of false positives.
Moreover, we used a strategy for the exclusion of
CD19* B-cells and CD14" monocytes. As a further
step, we used the flow cytometry analysis software
to identify anomalies in the acquisition signal and
to include only single cell. We consider that these
precautions, coupled with subtraction of background
responses in unstimulated cells, are mandatory when
monitoring cytokine production by T-cell subsets. In
these settings, the frequencies of cytokine-producing
T-cell subsets, albeit low, were easily quantifiable.

Hospitalized infants were likely facing a primary
infection. In these patients the onset of the adaptive
immune responses, including T-cell immunity, is
expected to require about one week. Hence, there is a
lag-phase to consider before T cells start to produce
effector cytokines. Confirming this notion, we found
that early sampling of the hospitalized infant may
be not useful and that the date of symptoms onset
should be carefully considered when planning blood
withdrawal.

The correlation of immunological results with the
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clinical characteristics of RSV-bronchiolitis patients
is currently underway. Yet, the present report shows
per se that the whole blood-ICS assay is a reliable
method for quantifying antigen-specific cytokine-
expressing CD4" and CD8" T cells and highlights the
benefits of using it for the future research in clinical
immunology dealing with pediatric patients.
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