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Vitamins are natural components of foods and are organic compounds distinct from fat, carbohydrates
and proteins. Vitamin A is the generic descriptor for compounds with the qualitative biological activity
of retinol. Unlike beta-carotene, vitamin A is not an antioxidant and its benefit is related to possible
boosting of immune reactions. The effect of vitamin A on immune function is wide-reaching and its
deficiency appears to affect immunity in several ways. Innate and adaptive immune responses are
affected in some way by lack of vitamin A. Retinoids seem to act on differentiation of lymphocytes,
antibody production, phagocytosis of macrophages, NK, Treg, and T helper cell activity. In addition, in
humans, signs of a vitamin A deficiency also include the dysregulation of cytokine/chemokine generation
and release. However, excess of vitamin A has been demonstrated to have toxic effects in most species

studied. Here we summarize some important effects of vitamin A in immunity and inflammation.

In 2600 B.C. beriberi was recognized in China
and is probably the earliest documented vitamin
deficiency disorder, and in 130-200 A.D. Soranus
Ephesius provided a classical description of rickets.
In 1492-1600 world exploration was threatened by
scurvy, and Magellan lost four-fifths of his crew and
Vasco da Gama lost 100 ofhis 160 men to this disease.

Menkel J.F. in 1810 reported that malnourished
patients were suffering from atrophy of the thymus.
In 1951, Rickes and co-workers in the United States
and Smith in England isolated vitamin B12, the last
vitamin discovery, while the first was vitamin A in
the twentieth century. The existence of nutritive
factors such as vitamins and the beginning of the
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study of vitamins began in the twentieth century. In
the early 1900’s many scientists realized that diet
does not consist only of carbohydrate, fat, protein
and salt, but there had to be something else. The
grouping of food is based on the nutrients they share.
The vegetable group can provide several minerals
along with folate, vitamin E, vitamin K and vitamin
A; while fruit offers vitamin C, and potassium.

Nowadays, in developing countries malnutrition
afflicts millions of people which affects the immune
system and impairs the normal immune functions.
Human nutrition deficiency including vitamins, occurs
in endemic proportion in many developing countries
and constitutes a serious health hazard (1). In addition,
it is well known that infections are more common in
under-nourished than in well-nourished persons.

Vitamins have pleiotropic functions in immune
responses and cellular homeostasis and their activity
is exerted through several action mechanisms. They
are complex organic compounds required in micro
or milligrams per day in diet to perform a normal
physiological life. Certain vitamins are synthesized
by the intestinal tract bacteria in adequate amounts
necessary to our body. Vitamins are divided into
two groups: a) water soluble and b) fat soluble. The
first include the B-complex vitamins, and vitamin C,
while the latter are vitamins A, D, E and K. Vitamins
have also been identified by describing a function or
its source and are necessary for normal synthesis and
breakdown of body carbohydrates, fats and proteins.

Vitamins and other dietary components may
influence various elements of several pathophysiological
mechanisms and malnutrition may contribute in
predisposing to immune disorders, while altered
nutrition may be useful in therapy of such diseases.
Therefore, vitamins and nutritional components have
a strong influence on the immune system and several
diseases induce dysregulation of the immune system,
including immune cells and cytokine/chemokine
generation (2). Vitamin deficiency is especially
prominent in the elderly and might contribute to
increased morbidity and mortality (3). Supplementation
of high pharmacologic doses of vitamins may be useful
for improving immune responses.

Authors suggest that dietary vitamins show
improvements of inflammatory diseases in
experimental animal models (4). They also
recommend that a diet high in vitamins somehow

plays a causal role in diseases, by reducing stiffness,
swollen joints, joint pain, time to fatigue, the use
of non-steroidal anti-inflammatory drugs and
increasing grip strength and improved pulmonary
function. Therefore, an increase in vitamin intake
may be of benefit in inflammatory diseases and
improve exercise capacity.

Vitamins are immunoregulatory compounds
and have been suggested to have anti-inflammatory
properties by inhibiting the products of arachidonic
acid cascade such as prostaglandins (PGE2 and
TXB2), and leukotrienes (LTB4 and SRS-A). They
are also believed to inhibit pro-inflammatory and
immune regulatory mediators, such as cytokines/
chemokines. However, some studies reported that
they do not influence the concentration of cytokines
in serum but did report decreased TNF-alpha and
IL-8 levels (5).

Vitamins and  their  receptors have
immunoregulatory and agonist activities influencing
cytokine production. Cytokines are principal
mediators of inflammatory and immune reactions
and constitute a major class of proteins which
enhance the functions of phagocytes, activate T
lymphocytes and stimulate inflammatory responses
(6). Chemokines are a large family of low molecular
weight cytokines which provoke movement and
migration of leukocytes (7). Vitamins may not only
favour the induction of regulatory T cells (CD4+
CD25+), but can also enhance their recruitment to
inflammatory sites, favoring the transcription and
production of cytokines and chemokines (8).

It is well known that vitamins are important
regulators of immunity and inflammation in addition
to their role in cell homeostasis and metabolism.
In particular, several vitamins exert pluripotent
effects on adaptive immune functions such as T-cell
activation and on the innate immune system which
comprises macrophages and dendritic cells which
are sentinels of the immune system and represent
a heterogeneous cell population and induce and
regulate T-cell responses (8). In addition, they can
promote the development of regulatory T cells
(Treg) with suppressive activity (9).

VITAMIN A

Vitamin A is found in foods of both plant and
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SIGNS OF VITAMIN DEFICIENCY

- Growth inhibition

- Dermatitis, alopecia

- Weakness

- Hepatic diseases (steatosis)

- Ataxia

- Atrophy of the thymus

- Affects the immune system and impairs normal immune functions

- Affects cellular homeostasis

- Contributes to immune disorders and alters nutrition

- Favours pro-inflammatory properties

- Lack of modulation of cell proliferation and differentiation

= Regulates the generation of prostaglandins PGE2, TXB2, leukotriene B4 and SRS-A
- Regulates TNF-alpha and IL-8 levels

- Regulates Treg (CD4+ CD25+)

- Inhibition of synthesis and breakdown of the body carbohydrates, fats and proteins
- Failure of differentiation of epithelial cells

- Lack of regulation of neutrophils, monocytes, macrophages, NK cells, and lymphocytes
- Lack of effects on immune-cell precursors

- Lack of effect of antioxidant effects

- Lack of effect on reversing effects of damaged DNA and boosting immunity

- Lack of effect on phagocytic activity of macrophages

- Lack of effect on CD11b" dendritic cell progenitors in tissues

- Lack of effect on pro-inflammatory mediators like IL-6 and IFN-y generated by T cell
- Lack of effect on production of anti-inflammatory mediator IL-4

- Lack of effect on mediation on production of Treg

- Lack of effect on Alzheimer's disease

- Lack of effect on chemokine CXCL10 (IP10), and lower IL-6 and IL-17

- Lack of effect on the inducing expression of FoxP3 in CD4 positive T cells

- Lack of effect on ROS

- Lack of effect on up-regulation of chemokine CCR3 transcription

- Lack of effect on endothelial inflammation

- Lack of effect on NADPH oxidase and NF-kB-dependent pathways

- Lack of effect on reducing MCP-1 generation

animal origin and is also needed for normal growth binds the retinol binding protein and is transported
and reproduction. This vitamin itself does not occur through the circulatory system.

in plant products but its precursor, carotene is present Vitamin A is converted to active retinoids by a
in several forms. Vitamin A includes retinol which series of oxidative reactions in vivo. Retinoids are
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able to modulate cell proliferation, differentiation
and morphogenesis. Vitamin A is known to be an
essential nutrient which plays a vital role in vision,
and its deficiency causes the skin to become dry
and rough, and increases susceptibility to infectious
diseases, because the linings of the gastrointestinal
and respiratory tracts are damaged and cannot act
effectively as barriers to keep bacteria from entering
the body. Vitamin A participates in both innate and
adaptive immune response induced by biological and
non-biological insults and is important for a variety
of biological functions including the development
of healthy immune responses. Its derivatives (13-cis
retinoic acid) are used to treat skin disorders such as
acne. Research has shown that people who have a
high intake of beta-carotene which has antioxidant
properties, are less likely to develop cancer. In
addition, vitamin A has also the possibility of
reversing the effects of damaged DNA and boosting
immunity.

In modulating innate immunity, vitamin A plays
an important role on the regulation of neutrophils,
monocytes, macrophages, natural killer (NK) cells,
lymphocytes, and their precursors. Furthermore,
it seems particularly determinant in the generation
and duplication of CD11b" dendritic cell progenitors
in tissues that perform protective functions and
prevents the entry of microorganisms, increasing
phagocytic activity of macrophages (10). However,
these authors reported that vitamin A also elevated
inflammatory cytokines such as TNF, and IL-1 beta
and stimulated arachidonic acid cascade PGE2.

Recent data show that respiratory tract epithelial
cells support vitamin A-mediated IgA production,
and encourage the clinical testing of vitamin A
supplements in vitamin A-deficient populations
to improve mucosal immune responses toward
respiratory tract pathogens (11).

Vitamin A along with D inhibit pro-inflammatory
mediators like IL-6 and IFN-y generated by T cells,
and increase T-cell production of anti-inflammatory
mediators, such as IL-4 and probably IL-10. In
addition, it mediates the production of Tregs (12).

Metabolite of vitamin A, such as carotenoids
(trans-retinoic acid), act on the cell by activating
nuclear receptors namely retinoic acid receptors a, 3
andy, and retinoid x receptors a, B, and y, these effects
activate or inhibit different genes and influence

several pathways, including cellular metabolism
and biosynthesis (13). The inflammatory response
is always almost mediated by pro-inflammatory
cytokines such as TNFa, IL1J, IL6, IL-33, etc. and
chemokines as well as acute phase proteins, reactive
nitrogen and oxygen species.

Supplementation of vitamin A induces an increase
in the number of NK cells, inflammatory chemokine
CXCL10 (IP10), lowers IL-6 and IL-17 in the
circulatory system and decreases monocyte-derived
ROS (10). ROS generated from activated leukocytes
or from other sources may affect various biological
molecules, provoking tissue damage that may have
been prevented by vitamin A supplementation.
Moreover, trans-retinoic acids and TGF-fl1 may
induce the expression of FoxP3 in CD4 positive T
cells.

Retinoids, which are the sole specific vitamin
A transporter in blood, are active metabolites of
vitamin A that participate in a variety of biological
processes. Current consensus holds that retinoids
have an important role in the central nervous system,
since retinoid receptors are expressed in the brain
areas such as retrosplenial areas, hippocampus, and
cortex.

Ueki S, et al. reported that retinoids participate
in the differentiation of granulocyte and immunity
and up-regulate the chemokine CCR3 transcription
in retinoid-stimulated eosinophils using gene
microarray, suggesting an important role of these
compounds in the tissue accumulation of eosinophils
(14).  Other authors such as Farjo KM, et al.
found that elevated levels of serum retinol-binding
protein 4, the transport protein for retinol in the
blood circulation, induce significant endothelial
inflammation in human endothelial cells, showing
that retinol-binding protein 4-mediated endothelial
inflammation acts via NADPH oxidase- and NF-kB-
dependent pathways (15).

Retinoids affect immunity in several ways and
seem to act on the differentiation of lymphocyte
subsets and phagocytosis of macrophages. They
also affect the immune-surveillance of activated
natural killer cells and T-helper cells, and influence
the generation of cytokines/chemokines by immune
cells. Vitamin A deficiency results in a failure of
differentiation of epithelial cells without impairment
of proliferation and squamous metaplastic changes
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morphologically similar to pre-cancerous lesions.

Retinoids possess an anti-inflammatory effect in
vitro and in vivo animal models with cellular protective
action, probably by suppression of inflammatory
cytokines/chemokines and other inflammatory
mediators. Authors reported that retinoic acids,
active metabolites of vitamin A, interact with TGF-
beta to promote the differentiation of Treg, playing
an important role in maintaining cellular homeostasis
(16). Retinoids are currently in clinical use for the
treatment of acne vulgaris, neuroblastoma, acute
pro-myelocytic leukemia and psoriasis. Therefore,
targeting their receptors, retinoids may reverse the
above-mentioned inflammatory diseases.

We can conclude that vitamin A is an immune and
inflammatory regulator (17), even if its exact role
remains to be determined.
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Human respiratory syncytial virus is the most common cause of bronchiolitis and other respiratory
infections in infants and the elderly worldwide. We have developed two new oral vaccines using
Salmonella typhi TY21a to carry and express the immunogenic epitopes of RSV fusion (F) and attachment
(G) glycoproteins on its surface, separately. To evaluate the efficacy of the designed vaccines, BALB/c
mice were orally immunized and then infected with RSV. Inmune response analyses showed that cell-
mediated, mucosal and humoral immunity in the vaccinated mice were significantly enhanced compared
to the control group. Both vaccines generated a balanced Th1/Th2 immune response which is crucial
for efficiency of vaccines against RSV. Furthermore, histopathological examination proved that these
vaccines were safe as they did not cause any Th2-associated adverse effects in the lungs of RSV-infected
mice. The findings of this research suggest that Salmonella-F and Salmonella-G vaccine candidates may

have strong potential to prevent RSV infection.

Human respiratory syncytial virus is the leading
cause of serious lower respiratory tract complications
among infants and young children worldwide (1).
This virus infects more than 70% of children in the
first year of life and 100% of children by the age of
2 (2), where about 3% of infants under the age of
1 develop severe bronchiolitis or pneumonia which
may result in hospitalization (3). RSV genome
encodes for 11 proteins (4), of which F and G surface
glycoproteins together with NS1 and NS2 non-
structural proteins are key viral components involved
not only in evasion of the host immune response but

also in its infective cycle (5, 6).

The G protein, the major RSV attachment protein,
is able to elicit neutralizing antibodies and mucosal
immunity with the main epitope located between
residues 124-226 (7, 8). The F protein is responsible
for viral penetration and fusion of infected cells,
which lead to syncytium formation. The F protein
plays a pivotal role in protection against RSV
infection by producing high titers of neutralizing
antibodies and RSV-specific cytotoxic and T-helper
lymphocytes (9). The antigenic region of the RSV
F protein is located between residues 209-575 (10).
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Despite clear need and extensive research there
is no vaccine against RSV. The development of
an effective and safe vaccine has faced obstacles
such as weak immunogenicity of RSV (11) and
the immaturity of infants’ immune systems and
the presence of maternal antibodies as interfering
agents against vaccination (12). Besides, the effects
of some vaccines such as formalin-inactivated RSV
induces a Th2-dominant response, which results in
enhancement of the disease after exposure to natural
infection (11-13).

Studies have shown that a protective and safe
vaccine should be able to raise RSV-specific
neutralizing antibodies, cell-mediated immunity,
mucosal immunity and more importantly elicits a
balanced Th1/Th2 immune response (14-16).

In regard to development of efficient RSV
vaccines, a few Gram-positive and Gram-negative
bacteria, including Staphylococcus aureus (17), and
Salmonella (18, 19) have been investigated for their
ability and potential to be used as recombinant live
vectors for delivering heterologous antigens. Among
different bacteria Salmonella typhi Ty21a has gained
attention as it is a safe vaccine strain (20). This
facultative intracellular bacterium can colonize inside
the intestines and proliferate in the gut-associated
lymphoid tissue, systemically spreading to the liver
and spleen. It has been shown that recombinant
Salmonella typhi Ty21a expressing bacterial or viral
antigens, is able to elicit a potent cellular, mucosal
and humoral immunity in immunized animals (21,
22). To display antigenic determinants on the surface
of Salmonella, different transporter proteins have
been examined such as ice-nucleation protein (Inp),
derived from Pseudomonas syringae (23).

In this study, RSV F and G immunogenic domains
were fused to Inp, cloned into an expression plasmid
(pKMS) and surface-displayed on Salmonella typhi
Ty21a, separately. Live recombinant S. fyphi Ty2la
cells harboring pKMSInak-F or pKMSInak-G were
used as vaccines.

MATERIALS AND METHODS

Cell and virus culture

Human respiratory syncytial virus strain A2 was
purchased from American Type Culture Collection
(ATCC# VR-1540) and propagated in Vero cells. Vero

cells were grown in tissue culture flasks in RPMI-1640
supplemented with antibiotics and 10% FBS. RSV with
multiplicity of infection (MOI) of 4:1 was added to the
flask and virus adsorption was carried out at 37°C for
1:30 h with 5% CO,. RPMI supplemented with 2% FBS
was added to the flask and infected cells were observed
for cytopathic effects (CPE) for an additional 4-5 days.
RSV-infected cells were harvested using a scraper and
centrifuged at 2500 x g for 10 min at 4°C to remove
cellular debris, then stored at -80°C until further use.

RT-PCR

Total RNA was isolated from the RSV stocks using the
ZR viral RNA kit (Zymo Research, USA). RT-PCR was
performed to amplify the F and G immunogenic domains.
Reverse transcription was carried out at 45°C for 45 min,
followed by 94°C for 4 min to inactivate AMV RT and
RNA/cDNA/Primer denaturation. Then PCR was carried
out, consisting of 40 cycles of denaturation at 94°C for
30 s, annealing at 57°C (for the RSV- F domain), 62°C
(for the RSV-G domain) for 30 s and extension at 68°C
for 2 min. The RSV-G specific forward (5° cgcggate-
caacctgcaacccacaacag 3’) and reverse (5’ cccaagcettttag-
ggtacttcctttggtttagtg 3°) primers, and the RSV-F forward
(5’ cgcggatccaagcaaagctgeageatatc 3°) and reverse (5’
cccaagcttttatcagttactaaatgcaat 3°) primers, containing
BamHI (forward) and Hindlll (reverse) restriction sites,
respectively, were used in amplification. The products of
RT-PCR, which corresponded to 124-226 residues for the
RSV-G protein and 209-575 residues for RSV-F protein
were purified from LE agarose gel using a gel purifica-
tion kit. The pKMSInak vector (donated by Prof. Zainul,
Universiti Sains Malaysia), which already contained the
Inp fragment as a protein transporter, and the purified
DNA fragments were subjected to BamHI and HindIll
restriction enzyme digestions, followed by gel purifica-
tion and subsequently used for cloning (data not shown).
These recombinant plasmids named pKMSInak-G and
pKMSInak-F, were then transformed into Salmonella ty-
phi TY21a using the electroporation method, as described
elsewhere. Salmonella cells carrying pKMSInak-G and
pKMSInak-F plasmids were designated as Salmonela-G
and Salmonella-F, respectively, and used as vaccine can-
didates.

Plasmid stability test

This test was performed to verify the persistence of a
plasmid in dividing bacteria. The bacteria were cultured
on antibiotic-free media for 20 days, which was equal to
roughly 200 generations. Then, a 10-3dillution of bacteria
for each passage was prepared and cultured on agar plates
without antibiotic and containing antibiotic to determine
the number of live and antibiotic-resistant bacteria (which
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contained the plasmids). The number of CFU (Colony
Forming Unit) was multiplied by the dilution factor and
100% to obtain the percentage of bacteria containing plas-
mids.

Surface Display of RSV-G and RSV-F Proteins
Indirect immunofluorescence

To determine the expression of the F or G protein on
the Salmonella surface, indirect immunofluorescence as-
say (IFA) was performed. Briefly, a single colony of an
overnight culture was harvested, resuspended in normal
saline and fixed on a coverslip using 2.5% paraformalde-
hyde for 25 min. Blocking was carried out in PBS contain-
ing 1% of FBS for 15 min. Coverslips were washed twice
with 500 pl of PBS, then incubated with mouse polyclonal
antibody against RSV at a dilution of 1:100 in PBS for 1
h. Washing was performed three times, each with 500 pl
of PBS for 10 min to remove unbound antibodies. Sur-
face-bound antibodies were detected by incubation with a
FITC-conjugated goat anti-mouse secondary antibody for
1 h. The coverslips were washed three times for 10 min
with 500 pl of PBS, and the labeled bacteria were visu-
alized by oil-immersion fluorescence microscopy with a
FITC filter .

Preparation of outer membrane proteins

To confirm the expression of recombinant proteins on
the Salmonella surface, bacterial outer membranes were
fractionated by a modified sarkosyl method (24). Briefly,
overnight recombinant Salmonella cells were harvested
from agar plates, washed twice with PBS, concentrated by
centrifugation and resuspended in PBS to a density corre-
sponding to an OD600 value of 10. Then, the suspension
was sonicated on ice with 20 pulses of 35 s each, at max-
imum intensity, followed by a 1 min interval after each
pulse. The intact cells were removed from the disrupted
cells by centrifugation at 7000 x g for 10 min at 4°C. The
supernatant was centrifuged at 100,000 x g for 45 min at
4°C. The supernatant, which contained the cytoplasmic
and periplasmic fractions, was removed. The pellet was
treated with 1% (V/V) of l-laurylsarcosinate at 4°C for 1 h
to solubilize the inner membrane proteins. Then, the solu-
tion was subjected to centrifugation at 100,000 x g for 30
min at 4°C to separate the outer membrane proteins, which
were pelleted and resuspended in 350 pl of sample buffer
analyzed by Western blotting.

Preparation of recombinant Salmonella frozen stocks

To ensure reproducibility among the different
immunization experiments, frozen stocks of recombinant
Salmonella strains were prepared according to the Igwe
method (25). A single colony of each recombinant
Salmonella vaccine strain was inoculated in 5 ml of LB

broth containing 60 pg/ml of ampicillin. Incubation at
27°C for 16 h with a shaking speed of 200 rpm was done
for a range of 10-fold serial dilutions from 10" to 10
Cultures with an OD_  of 0.5 were diluted to 0.1 at OD

600 6007

followed by incubation to reach an OD,, of 0.8 to 1.0.
Then, the recombinant Salmonella cells harboring RSV
G and F proteins, were harvested separately, added to
LB broth containing 10% glycerol and stored at -80°C
until further use. To ensure the quality and quantity of
stocks, a tube of each batch of recombinant Salmonella
was counted for viable cells before and after freezing. The

cell count was determined to be more than 90% each time.

Vaccine preparation

Prior to immunization, recombinant Salmonella
stocks were thawed and washed twice with sterile PBS,
then dilutions of 1 x 10° to 5 x 10° CFU/ml were prepared
in PBS supplemented with 2% sucrose and 3% sodium
bicarbonate. Subsequently, the cells were plated on
standard plate count agar to determine the number of viable
cell counts, which was adjusted spectrophotometrically

(18).

Animal immunization and sampling

The Universiti Putra Malaysia (UPM) Animal Care
and Use Committee approved all procedures used in
this work (UPM/FPSK/PADS/BR-UUH/00234). Six- to
eight-week-old Specific Pathogen Free (SPF) BALB/c
mice were housed under pathogen-free conditions with
a 12-h light-and-dark cycle, and fed with autoclaved
rodent feed and acid-free water. The mice, in three
different groups (Ten per group), were immunized orally
with Salmonella harboring pKMSInak-G, Salmonella
harboring pKMSInak-F and PBS (as control), separately.
Prior to oral immunization, the mice were left for 4-6 h
without food and water, then were fed 100 pl of either
PBS, Salmonella or vaccine strains (1 x 10° to 5 x 10°
CFU) by intragastric gavage with a 20/25-mm feeding
needle attached to a 1-ml insulin syringe. Water and food
were returned 2 h after immunization. Oral inoculation
was repeated once per week for a total of 4 weeks.
Twenty-one days after the last immunization, blood
samples were collected from the heart of each mouse after
it was anesthetized. The samples were allowed to stand at
RT for 2 h followed by 30 min in a water bath at 37°C.
Serum was collected by centrifugation at 1700 x g for 10
min and stored at -20°C until further use.

Stability of recombinant Salmonella in vivo

Five days after the last immunization, the mice were
sacrificed (five per group). Their spleens were removed
and homogenized in nutrient broth using a homogenizer.
Then 200 pl of this homogenate was added on XLD
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and MacConkey agar. After 24-h incubation at 37°C,
the colonies of Salmonella Ty21a were confirmed using
biochemical tests. Also, the number of viable bacteria
was calculated using the standard plate count agar method
with and without ampicillin (60 pg/ml).

Challenge and sampling

The other group of five mice were intranasally
challenged with 10° pfu of RSV, 10 days after the last
immunization and sacrificed (the mice were euthanized
by anesthetic overdosing with 0.5 ml of freshly prepared
filter-sterilized ketamine and xylazine injected i.p.) 5 days
post challenge. Blood samples were taken as mentioned
above. The left lungs were harvested, weighed and placed
in sterile Hank’s buffer (1 ml/g of lung) and homogenized
with a glass tissue grinder. The homogenates were
centrifuged (10,000 x g for 1 min) and the viral loads
and presence of RSV were assayed immediately. Viral
load was measured using the standard plaque assay as
described by Cann (26). The right lungs were removed for
histopathological examination.

Virus neutralization assay

Vero cells were cultured in 6-well microplates to
achieve 100% confluency. Then, 250 ul of two-fold
serial dilutions of heat-inactivated sera were mixed
with 250 pl of 400 PFU RSV and incubated at room
temperature for 60 min. The serum-virus mixture was
added to wells containing Vero cells, then incubated for
1:30 h before adding 2 ml of 0.5% (W/V) agarose into
the culture medium. After 6 days of incubation at 37°C,
5% CO,, the plaques were calculated under a microscope.
Neutralization titers were expressed as the reciprocal of
the highest dilution that reduced plaque formation by at
least 60%.

Lymphocyte Proliferation Test (LPT)

Lymphocyte proliferation test was carried out using
the BrdU cell proliferation assay kit (Merck, Germany). A
suspension (in RPMI-1640) was prepared from the pooled
spleens of five mice from each group. Cell suspensions
were passed through a 40-um cell strainer. Erythrocytes
were lysed using RBC lysis buffer, pH7.2. The resulting
lysate was laid on Ficoll-paque plus 1:1 (density 1.077)
and centrifuged at 1000 xg for 20 min in a swing-bucket
rotor centrifuge. Lymphocytes were cultured in 96-well
microplates, with 5 x 10* cells/100 pl in each well. PHA,
at a concentration of Sug/ml, and RSV, at a concentration
of 10pg/ml were added as the positive control and
stimulator, respectively. The experiment was carried
out based on the manufacturer’s protocol. Briefly, cells
were labeled with 20 pl/well of BrdU at 37°C, 5% CO,
for 24 h. To remove the supernatant, the microplate was

centrifuged at 240 xg for 10 min. The cells were fixed
using 200 pl/well of fixative/denaturing solution at RT or
30 min. The microplate was tapped on paper towels, then
100 pl/well of anti-BrdU was added at RT for 1 h. Then
100 pl/well of peroxidase Goat anti-Mouse IgG HRP
conjugate was added at RT for 30 min and the washing
step was carried out as mentioned above. Then, 100 pl
of substrate was added in the dark at RT for 15 min,
followed by the addition of 100 pl of stop solution to each
well in the same order. The absorbance was read at 450
nm, with 540 nm as the reference wavelength, using an
ELISA reader (Tecan, Austria). Lymphocyte proliferative
responses were presented as Stimulation Indexes (SI). SI
was calculated using the following formula: SI = OD of
stimulated culture (BrdU uptake in the presence of the
RSV antigen) / OD of unstimulated culture (BrdU uptake
in the absence of RSV antigen).

Cytokine assay

To measure the serum levels of 11 different types of
cytokines and chemokines simultaneously, the Bio-Plex
Pro Mouse Cytokine (BioRad, USA) was performed
according to the manufacturer’s guidelines. Briefly,
the microplate was pre-wetted with 100 pl of assay
buffer. After vacuum-drying, 50 pl of beads prepared
in the medium was added to each well. Then, washing
was carried out twice by adding 100 pul of wash buffer
followed by a second vacuum-drying. Standards and
samples were prepared and added to the specific wells
and incubated at RT for 30 min. After 3 times of washing,
detection antibodies (30 pul) were added to each well and
incubated with shaking (300 rpm) at RT for 30 min.
Then 50 pl of Streptavidin-PE was added to each well.
At this stage, the incubation time was 10 min in the same
manner. The washing step was repeated and 125 pl of
assay buffer was added to each well. The plate was read
using a Bioplex machine (BioRad, USA). Data analyses
of all assays were performed using Bio-Plex manager
software (BioRad).

Immunoglobulin ELISA

ELISA was carried out to quantify the serum levels of
total IgG, 1gG1, IgG2a, IgG2b and IgA, using the Mouse
immunoglobulin kits (ICL, USA). Briefly, 100 ul of each
serum sample was added in triplicate. The microplate
was incubated at RT for 30 min. After washing, 100 pl
of appropriately diluted Enzyme-Antibody conjugate was
added to each well and was incubated in the dark at RT
for 30 min. Then, 100 pl of TMB substrate solution was
added to each well and incubated in the dark at RT for 10
min, and then 100 ul of stop solution was added to each
well to stop the reaction. Finally, the absorbance was read
at 450 nm.
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Histopathology and viral titration

The right lung was fixed by inflation with 10%
phosphate-buffered formalin and stored at RT for 3 days
until histology sectioning was performed. Five micron
thick sections from paraffin embedded tissue were stained
with hematoxylin and eosin (H & E) staining using slide
stainer (Sakura DRS 2000, USA) to evaluate the pulmonary
alveolar wall thickness and infiltration of inflammatory
cells around bronchioles and blood vessels. The thickness
of the pulmonary alveolar wall and also the number of
inflammatory cells were randomly assessed in each slide,
at a magnification of 400x. The degree of congestion was
evaluated according to the following histologic scoring
system: 0= absence of inflammatory cells, 1= a few
inflammatory cell infiltrations, 2= moderate infiltration of

110
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inflammatory cells, 3= high degree of inflammatory cells
infiltration. Viral titration was done using the plaque assay
method as described earlier. Briefly, 1 g of lung tissue was
homogenized in sterile PBS and passed through a 0.45-
pm syringe filter. The homogenized filtrate was serially
diluted to be used in the plaque assay.

RESULTS

Plasmid stability

To determine the stability of pKMSInak-G
and pKMSInak-F plasmids in the recombinant
Salmonella, the stability test was carried out. The
result showed that almost all recombinant Sa/monella
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Fig. 1. Plasmid stability. The recombinant Salmonella cells were grown in LB broth without antibiotics at
37°C, then the overnight cultures were diluted 1:1000 in fresh media and serial passages were performed
daily. Plasmid stability test was calculated at each time point by dividing of bacteria containing plasmids to

bacteria without plasmids multiplied by 100.

A

Fig. 2. Surface display of RSV G and F domains on the recombinant Salmonella typhi Ty21a. Salmonella cells expressing
G and F proteins were grown separately. IFA was carried out using anti-RSV polyclonal antibodies as the primary
antibody and goat FITC-conjugated anti-mouse as the secondary antibody and labeled bacteria were observed under
an IF-Microscope. A) Salmonella carrying pKMSInak-G. B) Salmonella carrying pKMSInak-F. C) Salmonella without

plasmid as the negative control.
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Fig. 3. Outer membrane protein separation. Recombinant
salmonella cells were grown to OD 10. The suspension was
mixed with L-laurylsarcosinate and ultracentrifugated,
followed by Western blotting. A) Surface displayed G
domain protein. Lane 1: 25 ul; Lane 2: negative control
(Salmonella). B) Surface displayed F domain protein.
Lane 1: 15 ul; Lane 2: negative control (Salmonella). The
presence of G (=25 kDa) and F (=48 kDa) bands at the
appropriate sizes indicated the proper surface expression
of these two proteins.
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Fig. 4. Virus neutralization assay. RSV neutralization
activity was assessed by plaque assay. Results are reported
as the percentage of plaque reduction (Y-axis) observed at
the each serum dilution (X-axis).

cells were stable (Fig. 1).

Detection of surface displayed RSV G and F proteins
on Salmonella typhi Ty21a
Indirect immunofluorescence assay (IFA) was

used to ensure the expression of RSV G and F do-
mains on the surface of Sa/monella. Both vaccine
strains abundantly expressed G and F domains (Fig.
2).

To determine the localization of RSV G and F do-
mains on the outer membrane of Salmonella, West-
ern blot was carried out. The presence of G domain
(25 kDa) F domain and (48 kDa) bands on the blot-
ted membranes confirmed that the G and F domains
were expressed on the surface of Salmonella cells
(Fig. 3 A and B).

Neutralizing antibody response

Serum samples were collected 21 days after the
last immunization. Different dilutions were assessed
to determine the RSV neutralizing antibodies. The
results indicated considerable RSV neutralizing
activity for the Salmonella-G vaccine (>93% plaque
reduction at dilution 1/16; >58% plaque reduction
at dilution 1/64) and also the Salmonella--F vaccine
(>90% plaquereductionatdilution 1/16;>53% plaque
reduction at dilution 1/64), compared to the control
which was inoculated with PBS (p<0.05) (Fig. 4).
Results for neutralizing antibodies were consistent
across repeated, independent immunization trials.

Lymphocyte proliferation

In response to RSV antigen, in vitro proliferation
of lymphocytes isolated from the mice immunized
with  Salmonella-G  and  Salmonella-F  were
significantly (p <0.05) higher than that of PBS-
immunized mice (p <0.05) (Table I).

Vaccine strains induce systemic antibody responses
The level of total IgG in the serum of immunized
mice with Salmoella-G and Salmonella-F were
significantly higher than PBS control group, both
before and after challenge (Table II). We also
determined the specific antibody isotypes that are
prototypes for Thl (IgG2a), Th2 (IgGland IgG2b).
The results showed that the levels of IgG1, IgG2a
and IgG2b in the serum of immunized mice were
significantly higher than the control group immunized
with PBS, both before and after challenge. To
evaluate mucosal immunity, the serum level of
IgA was assessed. Both vaccine strains induced
significantly (p<0.05) higher IgA responses in the
immunized mice before and after virus challenge.
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Table 1. Proliferation of lymphocyte isolated form the immunized mice in response to RSV.

Lymphocyte Salmonella-G Salmonella-F PBS control
proliferation

Before challenge 1.8340.06 2.21+0.04 0.64+0.15
After challenge 4.67+0.83 6.3840.2 1.65+0.1

Results are expressed as mean + SEM.

Table I1. Systemic antibody response in the immunized mice before and after virus challenge.

Systemic PBS control Salmonella-G Salmonella-F

antibody

response(pg/mol) | Before After Before After Before After

IgG total 18..43£0.98 | 26.25+£1.45 | 34.5440.67 | 42.21£1.75 | 39.11+1.24 | 45.71+£3.83
IgGl1 5.21+0.08 6.65+0.23 13.99+0.23 | 25.88+0.96 [ 25.924+0.35 | 22.73+1.56
IgG2a 11.88+0.15 12.91+0.22 | 19.85+0.06 | 20+0.06 20.64+0.77 | 21.18+0.32
IgG2b 6.86+0.07 7.07+0.15 14.93+0.75 | 24.75£0.66 | 26.644+3.3 | 23.25+0.51
IgA 3.69+0.01 3.78+0.01 5.9+0.78 7.71+1.14 6.7+1.27 7.78+0.38

Results are expressed as mean + SEM.

Table III. IgG1/IgG2a and IgG2b/IgG2a ratios.

13

Vaccine strain Immunized before challenge Immunized after challenge
1gG1/IgG2a 1gG2b/1gG2a 1gG1/IgG2a 1gG2b/1gG2a

Salmonella-G 0.704 £0.016 0.751 £0.039 1.294 +0.025 1.238 +£0.036

Salmonella-F 1.255 +0.044 1.290 £ 0.158 1.073 £ 0.045 1.097 £ 0.001

Results are expressed as mean £ SEM.

Table IV. Serum level of Thil-associated cytokines in the immunized mice before and after RSV challenge.

Thl-type PBS control Salmonella-G Salmonella-F

cytokines Before After Before After Before After

1.2 19.43+1.73 | 27+0.98 33+1.15 76+1.16 44.38+1.1 89.9+1.18

IFN-y 90.01+4.38 | 172.39+1.44 | 144.1244.1 | 287.45+4.38 | 246.15£2.4 374..42+8.34

TNF-a 91.03+£2.45 | 159.62+1.44 ?23.99i4.7 185.82+1.73 | 175.22+0.55 | 199.54+3.08
1

Results are expressed as mean + SEM.



14

F. AZIZI-JALILIAN ET AL.

Table V. Serum level of Th2-associated cytokines in the immunized mice before and after RSV challenge.

Th2- type | PBS control Salmonella-G Salmonella-F
cytokine [ Before After Before After Before After
s
L4 11.52+0.28 | 18£1.15 12.79+0.58% | 29.1+1.15 14.5+0.86 18.83+1.45%
ILS 21.82+0.59 | 41.68+0.5 36.64+£0.46 | 60+£2.17 40.7£1.16 48.13+0.55
L9 369.1143.46 | 729.17+£0.5 | 695.34+2.22 | 812.11£1.25 | 746.19+3.19 | 834.21+1.73
8
IL10 7.58+0.22 33.01£1.53 | 17.66+£3.16 | 32.1242.99% | 39.08+3.08 | 41.28+2.99
IL13 508.64+1.31 | 831.9941.1 | 568.44+1.67 | 905.57£1.73 | 602.88+£1.58 | 905.25+2.87
5
'Results are expressed as mean = SEM.
’Not significant.
Table VI. The level of IL-17 in the serum of immunized mice before and after RSV challenge.
Leve | PBS control Salmonella-G Salmonella-F
l of
IL17 | Before After Before After Before After
107.53+£7.15 138.86+10.4 | 151.46x2.74 164.08+15.01 | 165.96+£10.29 | 197.34+5.38

Results are expressed as mean + SEM.

Fig. 5. Histopathology of the mice lung following RSV challenge. Lung sections of the mice immunized with Salmonella-G,
Salmonella-F and PBS, sacrificed on day 5 post-challenge. A) Immunized with PBS. B) Immunized with Salmonella-G.
C) Immunized with Salmonella-F. All sections were stained with hematoxylin and eosin. Microscopic examination of
lung tissue demonstrated a noticeable difference in pulmonary alveolar wall thickness (white arrows) and infiltration of
inflammatory cells (black arrows).
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Fig. 6. The titers of RSV in the lung of immunized mice
with Salmonella-G and Salmonella-F vaccines after RSV
challenge. The plaque assay results revealed a significant
decrease (p<0.05) of viral titer in the vaccinated mice
after RSV challenge.

To determine the capabilities of developed
vaccines for generating a balanced immune response,
IgG1/IgG2a and IgG2b/IgG2a ratios were calculated
(Table III).

Salmonella-G and Salmonella-F vaccines induce
Thl- and Th2- associated cytokine secretion

Both vaccine strains significantly (p <0.05)
increased the levels of Thl-related cytokines
including IL-2, IFN-Y" and TNF-a before and after
virus challenge compared to PBS-immunized mice
(Table IV).

The levels of all Th2-related cytokines including
IL-5, 1IL-9, IL-10 and IL-13 (except IL-4) were
significantly higher (p<0.05) in the serum of
Salmonella-G immunized mice before challenge,

Table VII. Histopathological examination of mice lung tissue.

in comparison with the PBS control group, After
challenge however, all cytokines except IL-10 were
significantly (p<0.05) higher in the immunized
group (Table V).

Th2-related cytokines including IL-4, IL-5, IL-
9, IL-10 and IL-13 in the serum of Salmonella—F
immunized mice were significantly (p<0.05) higher
than that of the control group. The same result was
obtained for all cytokines after challenge except for
IL-4 (Table V).

We also showed that the serum levels of IL-17 in
both immunized groups were significantly (p<0.05)
higher either before or after challenge compared to
the control group (Table VI).

Histopathology

The inflammatory cell numbers, thickness of
pulmonary alveolar and the level of congestion
in mice immunized with Salmonella-G and
Salmonella-F were significantly lower than the
negative control after challenging with RSV (Table
VII and Fig. 5).

Virus clearance after challenge

The Salmonella-G and Salmonella-F vaccine
strains could significantly reduce the titer of RSV
in the lungs of immunized mice after challenge with
RSV compared with PBS—immunized group (Fig.
6).

DISCUSSION

The development of an effective vaccine against
RSV has not been successful due to stringent
characteristics of any RSV vaccine candidate (13).
An effective vaccine should be able to induce a

Histopathology Parameters Control PBS

Salmonella-G Salmonella-F

thickness (um)

Level of Congestion 3 1 1
Number of inflammatory cells 23646.17 97+2.646 87.67 +1.76
Pulmonary alveolar wall 8.933+0.5 4.4+0.057 3.5+¢0.338

Infiltration of inflammatory cells was determined by scoring the level of congestion and number of inflammatory cells. The
thickness of the pulmonary alveolar wall was measured at a magnification of * 400.
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strong Thl immune response as a high level of
Th2 immune response exacerbates the disease after
exposure to RSV and has an undesirable role in
protection against re-infection (11, 27, 28). In this
study, we developed two recombinant vectors which
carry the RSV G or F immunogenic domains on their
surfaces, without using any adjuvant.

It is believed that an ideal RSV vaccine candidate
must induce Thl and Th2-associated cytokine
secretion (29-34). In this regard, our results revealed
that the developed vaccines significantly elevated the
serum level of Thl-type cytokines including IFN-Y,
IL-2 and TNF-a as well as Th2-type cytokines such
as ILS, IL13. To assess the effectiveness and safety
of the recombinant Salmonella-G and Salmonella-F
vaccines, we used indirect evidence including IgG2a
as Thl as well as IgG1 and IgG2b as Th2 markers.
The results were analyzed using the ratio of IgG1/
IgG2a or 1gG2b/IgG2a (9, 17, 29). Our data analyses
showed that the Sa/monella-F vaccine increased the
Th2/Th1 ratio in immunized mice before challenge
(slightly higher than 1) but after virus exposure
the Th2/Thl ratio reached the maximum expected
balance (~ 1). Conversely, Sa/monella-G induced a
strong Th1 immune response in the immunized mice
before RSV challenge, where the ratios of Th2/Th1
were constantly lower than 1. After virus challenge
however, the Th2/Thl ratio slightly increased.
Nonetheless, pathological examination of lung tissues
and significant virus clearance from the lungs of
immunized mice showed that neither of the vaccines
caused any damage to the lungs after virus challenge.
This suggests the developed vaccines generated a
balanced immune response which modulated the
adverse effects of Th2-related response.

Recently, it has been shown that an efficient RSV
vaccine increased IL-17 production by CD4(+) T
cells and natural killer cells and recruited regulatory
cells and neutrophils which contributed to virus
clearance after challenge (35). In this study, both
vaccines also induced a significant increase of IL-
17 in the serum of immunized mice before and after
RSV challenge which might have been crucial to
RSV clearance.

The developed vaccines in this study were able
to induce robust mucosal and humoral immune
responses. Previously, we reported that neutralizing
antibodies against the G domain reduced 69.3% of

plaques (8). Whereas, in this study the neutralizing
antibodies induced by Salmonella-G decreased the
plaques by 93% at the same dilution. The significant
increase in the plaque reduction might be due to the
use of a permissive host (mouse) and the nature of the
vaccine strain. It seems that the synergism between
Salmonella and RSV F or G domains could elicit
stronger systemic and mucosal antibody responses.
Interestingly, in contrast with other studies which
reported that RSV F vaccine induced a considerable
level of IgA when administered along with adjuvant
(9, 36), the Salmonella-G and Salmonella-F vaccine
strains could induce strong systemic as well as
mucosal immune responses without any adjuvant.

In conclusion, we developed two recombinant
Salmonella-based oral vaccines against RSV which
induced a balanced immune response without Th2-
mediated immunopathology. These findings suggest
that the designed vaccines may have preventive
potential against RSV.
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PROBING HEAD-TO-TOE DEFORMATION LAW ASSESSMENT FOR ABDOMINAL
TUMOR THROUGH RESPIRATORY MOVEMENT SIMULATION AND CTVision
RADIATION RESEARCH
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This paper aims to explore head-to-toe deformation law for abdominal tumor with CTVision and self-
designed respiratory movement simulation mold and meanwhile verify the accuracy and correctness of
the treatment. In experimental group, a self-designed respiratory movement mold was used. The image
was scanned out by CT scanning based on the movement state and then sent to the planning system to
compare the location variation of tumor and formulating the treatment plan accordingly, followed by
verification and verified derivation values observation. A total of 21 cases of abdominal tumor were
included in the case group. Their breathing movement was detected under a simulated locator and
then the data was recorded. The image was scanned and sent to the planning system to compare the
location variation of the tumor, the patients then underwent 3D conformal therapy (3D-CRT) and we
performed verification and observed verified derivation values. Finally, the results of the case group and
the experimental group were compared. The mean of the verified derivation values was smaller than
respiratory motion values in experimental group (t=-10.78, P=0, P<0.05); the mean of verified derivation
values of the patients was smaller than respiratory motion values in group f, g, h, i, j,, n, 0, p, q, 1, s t,
u in the case group (P<0.05); no remarkable difference was found between the two values in group a,
b, ¢, k and m (P>0.05); group e was unable to undergo the statistical test since its standard deviation
was 0; the mean of the verified derivation values was higher than respiratory motion values in group d
(P>0.05). In conclusion, radiation therapy applied with CTVision proved to be accurate and convincing
in the treatment of abdominal tumor.

In recent years, the incidence of abdominal
tumors has gradually increased along with the
mortality rate; in other words, it has become a sword
threatening our health. Radiotherapy is one of the
most important methods for treating abdominal
tumor, however, respiratory movement affects the
accuracy of abdominal tumor radiotherapy (1-2).
Under the influence of respiratory movement the

irradiation field expands, hence weakening the
coincidence between radiation field and gross tumor
volume (GTV) (3). Currently a wealth of experts and
scholars are studying ways of stimulating respiratory
movement as well as the influence of respiratory
movement on tumor treatment and have achieved
a lot. For those patients with a large margin of
respiratory movement, respiratory gating can solve
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the problem of the moving target in order to reduce
the error of dose distribution (4). While developing
and assessing respiratory movement compensation
by SPECT/PET, phantom movement produced by
GATE offers alternative means in the stimulation of
respiratory movement which is characterized by a
small amount of calculation and simple phantom set
compared to the traditional method (5). Moreover,
target region omission caused by respiratory
movement can be effectively avoided if applying
CT-CT image fusion prior to planned target region
design (6).

In this paper, CTVision and self-designed
respiratory movement simulation were applied to
probe the deformation law of abdominal tumor, the
way to measure the amplitude margin of the tumor
by CT and to amend the plan without 4-Dimensional
Computed Tomography (4D-CT), in order to achieve
the desired therapeutic effect.

MATERIALS AND METHODS

Subjects

A total of 21 abdominal tumor patients aging between
18 and 80 years who had Karnofsky scores higher than 70
and had a history of radiotherapy treatment were included
in this study. They underwent either 3-dimensional
conformal radiotherapy or intensity —modulated
radiotherapy. All the patients have signed the informed
consent and the therapeutic schedule was approved by the
Medical Ethics Committee.

Respiratory movement stimulation mold

A respiratory movement stimulation mold was
designed to study the influence of respiratory movement
in the treatment of abdominal tumor, composed of support,
control box, stepping motor, synchronous belt and tray.
The support and tray were both made of organic glass
which has low absorptivity to radial and therefore hardly
affected by the experiment. Vertebra is placed into the
mold as a point of reference and fixed by foam. A rounded
wooden ball of 40 mm diameter used for stimulating the
tumor was divided in the middle and implanted with a
steel ball of 3 mm diameter. After re-bounding, it was
placed on the tray on the black synchronous belt motioned
by the stepping motor in order to stimulate respiratory
movement.

Respiratory movement simulation experiment
The ball was placed on the mold tray and fixed with
a rubber band. The wooden ball acted as the tumor, with

a “0” marking the center of it. We turned the mold on
and the ball made back and forth movements with “0”
as its center. We scanned the image of the wooden ball
in movement with normal breathing at 18 times/min and
to-and fro movement route of 2 cm for 4 times within the
same range and the thickness of the scanning slice was 3
mm. The images were transmitted to the planning system
to compare the variation of tumor location and formulate
the treatment plan followed by verification and verified
derivation value observation. We measured the edge dose
value in the planning target volume (PTV) and the center
dose value in GTV and then calculated the dose derivation
value.

Clinical experiment

The patient was placed in horizontal position. We
applied heat molding to fix the thorax and abdomen, and
then measured and recorded the respiratory motion value
in the directions of head-to-toe, left and right, front and
back using a simulator machine. When we used the CT to
position, the patient with lung cancer was scanned from the
lower jaw to the upper pole of the kidney while the whole
liver was scanned for the patient with liver cancer. The
same range was randomly scanned for two times and the
thickness of the scanning slice was 5 mm. After scanning,
the images were transmitted to the planning system twice
for observation. It was found that the location of the
tumor changed during the scanning under the influence of
respiratory movement. We then developed the treatment
plan according to the characteristics of the lung cancer
and liver cancer and performed 3-Dimensional conformal
radiotherapy for treatment on the patients. During the
treatment, the patients had to undergo verification at
least three times to observe the deviation value. Finally,
the results of the case group were compared to the
experimental group.

Observation index

Respiratory motion value: we observed the patient’s
respiratory motion mainly in head-to-toe direction (Y
direction) by a simulator machine and recorded the data.
The offset image of Y direction is shown in Fig. 1.

The theoretical maximum deformation degree of
tumor: tumor size + respiratory motion value.

Dose deviation: the differences between the center
dose value of the GTV and the edge dose value of the PTV
divides the center dose value of the gross tumor volume.

Deviation value: the error value between the CT
images obtained before the treatment and the planning
image.

Observation methods
Experimental group: observe the tumor location
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variation in the planning system, and measure the dose
value of the clinical target volume (CTV) and the GTV.
After formulating the treatment plan, every plan needed
to be verified at least 3 times. We recorded and preserved
the screen shots of the deviation in three directions and
mainly recorded the deviation in the Y direction. To obtain
the dose deviation, treatment planning system was used to
measure the center dose value of the GTV and the edge
dose value of the PTV.

Case group: we measured and recorded the respiratory
motion value in the simulator machine before the
radiotherapy and observed the location variation of the
tumor in the planning system. During the radiotherapy,
we needed to verify the value once a week or 3 times in
total, and screen shots of the deviation were recorded and
preserved in the three directions, especially the deviation
in the Y direction.

Statistical analysis

SPSS17.0 software was applied for relative data
analysis, and #-test for mean analysis. P<0.05 was
considered to have statistical significance.

RESULTS

The experimental results of the respiratory movement
simulation

Data obtained from the experiment of respiratory
stimulation is shown in Table I. In the random group,
the measured deformation degree drawn from the
four random scanned location images was 57 mm,
in the movement state with normal breathing at 18
times/min and a to-and-fro movement route of 2 c¢m,

within the same range.

In the extreme group, the measured deformation
degree drawn from the scanned location image was
60 mm, in the movement state with normal breathing
at 18 times/min and a to-and-fro movement route
of 2 cm, within the same range. This group was
scanned under limiting conditions and the measured
deformation degree equaled the theoretical maximum
deformation degree, i.e., the sum of tumor size and
respiratory motion.

We collected the information from the above two
groups of data. The measured deformation degree
of the random group was close to the theoretical
maximum deformation degree, in other words, the
measured deformation degree was close to the sum of
tumor size and respiratory motion value. The tumor
moved with the respiratory motion, the determinants
of the range of tumor deformation was the tumor size
and the respiratory motion. The larger the tumor and
the respiration are, the larger the tumor size is. Under
the effect of the respiratory movement, the tumor
could move to any position within the theoretical
maximum deformation degree.

To validate the accurateness of the treatment, dose
derivation experiment was performed in extreme
group in the moment that the wooden ball reached
central position. The experiment data is shown in
Table II.

As shown in Table II, we could figure out the
dose derivation 3.705% and 4.07% from the edge
dose of PTV forming by 15 mm and 20 mm external

Table 1. The experimental data analysis of the respiratory movement simulation.

Grou Respiratory motion (mm) | Tumor size (mm) Measured deformation | The maximum deformation
P P Yy degree (mm) degree (mm)
Random +10 40 57 60
Extreme +10 40 60 60
Table I1. Dose derivation analysis.
Extended range (mm) Central dose (cG) Extreme dose (cGy) Dose deviation

15 200 192.59 3.705%
20 200 191.86 4.07%
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Table I11. Analysis of case data collection.

(mm) Respiratory motion Tumor size Mea§ ured The ma.lximum
deformation degree | deformation degree
a +3.5 35 35 42
b +1.5 60 60 63
c +6 80 85 92
d +5.5 55 60 66
e +6 30 40 42
f +5.5 50 60 61
g +5 30 35 40
h +7.5 70 75 85
i +4 50 55 58
j +5 25 30 35
k +3.5 60 65 67
1 +10 70 90 90
m +9 70 80 88
n +7.5 30 40 45
0 +8 30 35 46
P +7 50 55 64
q +7.5 100 110 115
r +8.5 70 85 87
s +8.5 80 90 97
t +7.5 125 130 140
u +6.5 90 100 103

expansion and the center dose of GTV, and both were
less than 5%. The treatment plan could be considered
accurate and needed no correction since the dose
derivation was within the acceptable range.

The experimental results showed that some
patients had significant respiratory movements,
while some had weak movements; the measured
deformation degree of patients with weak respiratory
movement was lower than those with significant
respiratory movement. The tumor moved along with
the respiratory motion, and tumor deformation degree
depended on tumor size and respiratory motion.
Under the effect of the respiratory movement, tumor
could move to any position within the theoretical
maximum deformation degree.

In the experimental group, the mean of the verified
deviation values was lower than the respiratory
motion values (t=-10.78, p=0, P<0.05). The mean

of the verified deviation values of case group f, g,
h,1,j, L n, o, p, q, 1, s, t, and u were lower than
the respiratory motion values (P<0.05), indicating
the treatment was accurate; the mean of the verified
derivation values of group a, b, c, k, m were within
the respiratory movement ranges, and it could be
considered that their verified derivation values
were consistent with the respiratory movement,
thus had no influence on the treatment plan; group
e was unable to perform the statistical tests since its
standard deviation was 0, but the mean of verified
derivation values in group e was lower than the
respiratory motion values, indicating the treatment
was not influenced and its accuracy could also be
ensured. The mean of the verified deviation values
of group d was higher than the respiratory motion
values (P>0.05), therefore, the treatment was not
accurate and needed correction. (Tables I1I and 1V).
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Table IV. Comparison between experimental group and case group.

Fig. 1. Offset image of Y direction.

Group 12?]:::5;?:;’3 The dat.a of Y direction Average ¢ P
direction (mm) (mm) /time value
gr";’:;ime“‘a‘ 10 12 |4 (32 1 [8 |23 6 |a5[a |6 |5 |4 [-092 [-1078  |0.000
Case group a +3.5 0 (-8 0 -2.67 -3.63 0.068
b +1.5 -1 |3 13 2 -0.27 0.804
c +6 -1 |-10 |5 -2 -3.21 0.085
d +5.5 18 13 11 14 1.44 0.286
e +6 2 |2 2 2 |/ | |/ |
f +5.5 -1 4 |5 2.67 -4.49 0.046
+5 -1 -5 1 -3.75 -5.00 0.015
+7.5 -1 1 | -6 | -2 -8.17 0.015
i +4 -6 -7 -7 -6.67 -44 0.001
i +5 1 ]o]1[6 |2 -5.91 0.010
k +3.5 2 [-6 9 |0 1.83 -2.51 0.054
1 +10 0 (1 (1 |0 | 0.5 -67.55 0.000
m +9 -1 -8 1 0.67 -3.12 0.089
n |75 6 |61 ] 43 |64 0.020
0 +8 -3 -7 -5 5 -9.53 0.011
P +7 9 |7 1|5 |13 8.5 -3.22 0.049
q +7.5 2 |19 4 -4.37 0.049
r +8.5 -12 3 |4 -4.3 -4.92 0.039
s +8.5 0 (4 (1 |14 4.75 -3.83 0.031
t +7.5 3 132 2.67 -37 0.001
u +6.5 0 |1]0 0.33 -38 0.001
DISCUSSION

To date, surgery remains the main treatment
method of liver cancer, and radiotherapy has not
yet been recognized in evidence-based medicine.
Nevertheless, treating liver cancer by radiotherapy
was considered to be feasible by some experts
and scholars. Professor F. Mornex (7) researched
the feasibility and effectiveness of treating small
hepatocellular carcinomas based on 3-Dimensional
radiotherapy by performing clinical experiments on
27 patients with small hepatocellular carcinoma.
Finally, 25 patients completed the treatment with
the effective rate of 92%. Thus it can be seen that
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treating liver cancer by radiotherapy is feasible and
effective. At the same time, liver is one of the most
important organs affected by the respiratory motion,
therefore, patients with liver cancer are enrolled as
clinical subjects in this research.

In the early stage of radiotherapy, i.e., within
90 days from the start of radiotherapy, there is a
30% risk of acute radiation pneumonitis which is
a kind of spontaneous immune reaction mediated
by inflammatory factor due to the large irradiation
field, high dose and rapid irradiation. In the later
stage, i.e., 6 to 18 months after radiotherapy ends,
uncontrollable chronic pulmonary fibrosis is most
likely to occur and advanced-stage esophageal injury
usually occurs when the emission dose of esophagus
is more than 70 Gy. Occurrence of the above side
effects of radiotherapy is mostly due to the large
irradiation field caused by the respiratory motion or
the excessive high dose. To sum up, the excessive
large irradiation caused by respiratory motion
aggravates side effects of radiotherapy through
damaging normal tissues and the surrounding organs
while limiting the dosage ultimately weakens the
radiotherapy effect of abdominal tumor and patients’
living quality after the treatment.

Clinically, the main means used for controlling
respiratory motion includes respiratory gating, deep
inhalation breath holding (DIBH), active breathing
control (ABC) and real-time tumor tracking, (8, 9)
according to the research results of many experts
and scholars. The above means are all able to control
respiratory motion, but the respiratory gating has low
ray utilization and working efficiency and requires
high lung functions on behalf of the patients, although
the irradiation scope can be reduced; therefore, this
paper probed into the deformation law of abdominal
tumor without controlling respiratory motion, and
detected the margin of tumor amplitude applying CT
without Four Dimensional Computed Tomography
(4D-CT) to decide whether the treatment plan should
be corrected.

In the location where the volume and shape
of CTV changes due to motion is termed as
internal target volume (ITV) by the 62nd report of
Commission on Radiation Units and Measurements
(ICRU), which is a concept that particularly focuses
on respiratory motion. This study was carried out
without controlling respiratory motion and 4D-CT,

and mainly focused on the head-to-toe motion law
of tumor. The experimental results of this paper
suggested that tumor moved with respiratory motion
and the motion degree depended on tumor size and
breathing movement. Affected by the respiratory
motion, tumor could move to the random location
within the theoretical maximum movement degree.
The results of the case group were consistent with the
experimental group. Hence, the range of breathing
movement should be considered when formulating
treatment plan.

Dose derivation is one of the important indexes
for measuring the accuracy of a treatment. In the
article of Realization of 3D Evaluation Algorithm
in Dose-guided Radiotherapy (10) published in
2012, Wang Yu, Li Gui et al. designed 3D evaluation
algorithm in dose-guided radiotherapy through
integrating the formulas and physics significance of
assessment methods of dose derivation, positional
derivation and g, in order to achieve 3D dose
validation. Dose derivation refers to the ratio of the
derivation between center dose value in gross tumor
volume (GTV), edge dose value in planning target
volume (PTV) and center dose value in GTV (11). A
dose derivation of more than 5% can be considered
as a derivation that exceeds the acceptable range
in the irradiation target volume and PTV and
therefore the treatment plan needs to be redesigned
or corrected. In this experiment, PTV formed as
GTV (head-to-toe) expanded outward for 15-20 mm
and the radiotherapy plan was formulated. Through
measuring the edge dose of PTV and the center dose
of GTV it was established that dose derivation were
3.705% and 4.07% respectively, and both were less
than 5%, indicating the treatment was accurate.

In conclusion, the means for respiratory motion
control mentioned above are still effective although
they are not so perfect in the clinical application.
Through comparing experimental group and case
group and validating the same plan for at least three
times, we can conclude that the verified derivation
value of patients in group d is higher than the
respiratory motion value, thus the treatment plan
needs to be corrected for retreatment, whereas the
verified derivation values of patients from the other
groups was less than the respiratory motion value,
thus the correction is needed. All the findings above
suggest that radiotherapy applying CTVision is
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accurate, but validation is indispensable.
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It is unclear whether recombinant human growth hormone (rhGH) in inflammatory bowel disease
(IBD) alters cytokine profile. The objective of this study is to evaluate changes in cytokines and systemic
markers of the insulin growth factor axis following 6 months of rhGH treatment in children with IBD.
In a six-month randomised control trial in children with IBD treated with rhGH at 0.067 mg/kg/day
and controls (11 in each group), we measured pro-, anti-inflammatory cytokines and systemic markers
of the IGF axis (total IGF-1, free IGF-1, total IGFBP-3, ALS, IGFBP-2) at baseline (T+0), and six
months (T+6). Results expressed as median (range). In the rhGH group, TNFa was 3.1pg/ml (2.9, 100.6)
and 3.6pg/ml (3.1, 5.3) at T+0 and T+6, respectively (p=0.85), whereas in the controls this was 3.3pg/
ml (2.7, 4.0) and 3.1pg/m 1 (2.7, 4.7), respectively (p=0.79). In the rhGH group, IL1p was 18.0pg/ml
(5.0,716.7) and 18.0pg/ml (1.7, 52.2) at T+0 and T+6 respectively(p=0.90), whereas in the controls this
was 19.8pg/ml (4.1, 27.1) and 19.1pg/ml (2.4,77.3), respectively (p=0.65). None of the twenty-eight other
cytokines analysed was different at T+6 in either group. Despite increase in total IGF1 in the rhGH
group (p=0.03), free IGF1, IGFBP3, ALS and IGFBP2 did not change in either group at T+6. Percentage
change in IGFBP3, was significantly associated with percentage change in IL2 (r=0.77, p=0.009) and
IL4 (r=0.58, p=0.01). Percentage change in ALS was significantly associated with percentage change in
IL2 (r=0.90, p<0.0001) and IL4 (r=0.63, p=0.04). Although changes in markers of the GH/IGF-1 axis
do show an association with cytokines (IL-2, IL-4) in pediatric IBD, six months of rhGH treatment was
not associated with any significant changes in levels of a range of pro and anti-inflammatory cytokine.
Careful evaluation of disease process is required in future trials of rhGH in paediatric IBD.

Childhood inflammatory bowel disease (IBD), lead to a reduction in final adult height in a small
especially Crohn’s disease (CD) is frequently sub-set (1). Central to the underlying etiology of
complicated by growth retardation that may even growth retardation are the modulatory effects of pro-
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inflammatory cytokines on systemic growth factors
(2) and also directly at the level of the growth plate.
Chronic inflammation is associated with functional
growth hormone (GH) resistance, although a range
of abnormalities in secretion and sensitivity of GH
and insulin like growth factor-1 (IGF-1) is seen
in children with IBD. Several clinical trials have
demonstrated the efficacy of high dose recombinant
human growth hormone (thGH) for improving linear
growth in juvenile idiopathic arthritis (JIA) (3) and
IBD (4). Our recent randomised controlled trial of
recombinant human growth hormone (rhGH) at
0.067 mg/kg/day, in a group of children with IBD
and growth retardation demonstrated that treatment
was associated with a median increase in height
velocity of 140% in the treated group compared to
1.7% in the untreated, control group (4).

It is possible that ThGH treatment in IBD may
also lead to an improvement in linear growth as
a consequence of improvement in inflammatory
status and reduction of inflammatory cytokine
levels. Animal models of colitis suggest that
there may be a beneficial role of rhGH in chronic
inflammation (5, 6). One randomised trial in adults
with CD (7) and another in children with CD (8)
suggest that thGH treatment may improve disease
activity but the primary end-points in both studies
were the CD activity index (CDAI) and paediatric
CDAI (PCDALI). On the other hand, some studies
in GH-sufficient children also suggest that thGH
therapy may up-regulate inflammatory cytokines
(9). Given the close link between the GH axis and
immune function, a comprehensive evaluation of
inflammatory cytokines would be beneficial in those
children with CD treated with rhGH.

We have recently reported that rhGH is
effective in improving linear growth over a six-
month period in paediatric IBD. The objective of the
current study was to evaluate changes in a range of
pro-, anti-inflammatory cytokines and markers of the
IGF axis in a group of children with IBD undergoing
rhGH therapy (4).

MATERIALS AND METHODS

Patients

Methodology and patient recruitment were previously
described in detail. In brief, twenty-two children (11 in
each group) were recruited from two UK tertiary pediatric

hospitals (4). Inclusion criteria were a diagnosis of IBD
confirmed endoscopically in children who were either
very short (Ht SDS<-2.0) or relatively short but had
been growing slowly (Ht SDS<-1.0 and HV SDS<-1.0)
over the previous six months. Children were randomised
by a computer-generated list to either receive rhGH
(Norditropin Simplexx®, Novonordisk) administered at a
dose of 0.067mg/kg/day as daily subcutaneous injections
for six months or no treatment (control, Ctrl). The dose of
rhGH was chosen as it has been shown to be effective for
improving growth in children with JIA (3).

The study was not blinded and parents were informed
of group assignment following randomisation at
recruitment. Of the 22 children recruited, 11 (8M, 3F)
with a median age 14.7yrs (9.1, 16.4) were randomised
to the rhGH group, and 11 (8M, 3F) with a median age
13.7yrs (8.5, 15.5) were randomised to the Ctrl group. All
children, except one, had CD and this single child who
was in the Ctrl group had ulcerative colitis (UC).

The trial was approved by the UK multicentre research
ethics committee, its conduct was approved by the Health
Boards of both institutes and was audited by the UK
Medicines and Healthcare products Regulatory Agency
in 2009. Written informed consent was obtained from all
parents and patients as appropriate.

Disease activity assessment

Paediatric Crohn’s disease activity index (PCDAI)
and abbreviated paediatric Crohn’s disease activity
index (APCDAI) were determined at each study visit.
The PCDALI is a disease activity score with a maximum
score of 100: subjective symptoms - 30 points, physical
examination - 30 points, biochemical parameters - 20
points, growth data (including height velocity) -20 points.
Clinical evaluations for calculation of the PCDAI were
performed by the same researcher at baseline and six
months. The APCDALI is a disease activity score with
a maximum score of 60 and only includes subjective
symptoms - 30 points and physical examination - 30
points components of the PCDAI. At each study visit,
details of treatment and nutritional support were obtained.
Oral prednisolone dose over the six-month period of the
study were converted into mg/kg/day.

Laboratory data

All laboratory investigations were performed at 09.00
after an overnight fast. Research study blood samples were
obtained for measurements of inflammatory cytokines
and IGF axis of stored serum analysed at the end of the
study. Blood samples were collected at baseline and 6
months in the thGH and Ctrl group. Priority was given to
measurement of total IGF-1 and inflammatory cytokines
where sample volumes are limited. Inflammatory
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cytokines were measured by a Luminex assay according
to the manufacturer’s protocol as previously described
using the Multiplex system and Bio-Plex software
(Biosource, Nivelles, Belgium) (10). All samples were
assayed in triplicate and values determined by comparison
to standard curves run in parallel. Levels of sensitivity for
these assays vary between 5-15 pg/ml. Total IGF-1 was
assayed using a two-site chemiluminescent immunoassay
(Nichols Advantage®) with an intra-assay precision of
less than 4% and an inter-assay precision of less than 7.8%
over the assay range. Free IGF-1 and insulin growth factor
binding protein (IGFBP)-3 were assayed using ELISA
(Diagnostic Systems Laboratory INC, USA). The intra-
assay and inter-assay precision of free IGF-1 was less
than 5% and less than 11.1%, respectively. The intra-assay
and inter-assay precision of IGFBP-3 was less than 9.6%
and 11.4%, respectively. IGFBP-2 was assayed using
ELISA (Mediagnost GmbH, Germany) with intra-assay
and inter-assay precision of less than 6.5% and 7.5%,
respectively. Acid labile subunit (ALS) was assayed using
ELISA (Demeditech Diagnostic, Germany) with intra-
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assay and inter-assay precision of less than 6.8% and 9%,
respectively.

Statistics

The clinical trial was powered based on the primary
outcome measure which was the percentage difference
in actual HV (cm/year) over six months between the two
groups. Changes between parameters assessed at baseline
and six months in the thGH and Ctrl group respectively
were analysed using the Wilcoxon signed rank test.
Strengths of associations were analysed using Spearman’s
correlation. Data presented as median (range) were
analysed using SPSS version 18.0. Statistical significance
was assumed at p<0.05.

RESULTS

Disease characteristics
As previously reported, disease severity, duration
of oral prednisolone treatment and changes in

Table 1. Pro- and anti-inflammatory cytokines before and after recombinant human growth hormone in paediatric

inflammatory bowel disease.

rhGH T+0 rhGH T+6 ¢k (;HPTV:(I)U:S L+6) Ctrl T+0 Ctrl T+6 ctl 1,}1:‘)':: T+6)
TNFB (pg/ml) 3.1(2.9, 100.6) 3.6(3.1,5.3) 0.85 33(2.7,4.0) 3.1(2.7,4.7) 0.79
IL1p (pg/ml) 18.0 (5.0, 716.7) 18.0 (1.7, 52.2) 0.90 19.8 (4.1,27.1) 19.1 (2.4,77.3) 0.65
IL6 (pg/ ml) 3.0 (3.0, 12.9) 3.0 (3.0, 17.3) 0.91 9.9 (3.0,21.6) 7.2 (3.0,49.5) 0.66
IL2 (pg/ml) 9.2(2.8,371.9) 5.6(1.1,18.5) 0.45 4.0(05,117.2) 2.1(1.0,21.9) 0.75
IL4 (pg/ml) 112.5 (97.6, 895.8) 112.0 (96.0, 128.5) 0.85 115.5 (94.6, 121.1) 1124 (51.2, 130.2) 0.48
115 (pg/ml) 5.6(3.5,7) 5.1(3.5,7) 0.89 65(3.7,7.2) 6.4 (4.5, 6.9) 0.76
IL7 (pg/ml) 37.8(26.6,48.6) 38.1(29.1,66.5) 0.79 31.7(16.3,42.1) 34.9 (16.8,49.5) 0.48
IL12 (pg/ml) 273.2(118.7,413.9) 294.8(187.5.412.7) 0.1 345.2 (237.1,435) 339.1 (251.6, 655.9) 0.93
IL15 (pg/ml) 116.3(78.6,133.8) 99.8(8.8,135.4) 0.44 100.1(75.6,119.9) 96.9(79.4,190.4) 0.93
1L17 (pg/ml) 33.1(2.9,323.4) 38.3(2.7,54.4) 0.67 46.7(9.5,317.1) 56(23.5,378.1) 0.89
IL8 (pg/ml) 36.2(9.9,158.5) 43.1(7.9,1571.4) 0.86 31.5(10.9,2093.2) 27.3(7.3,80) 0.72
MIP1a (pg/ml) 71.99.1,111.8) 105.6(12,125) 0.69 96.5(89,144.6) 97.2(30.3,146.3) 0.74
MIP1B (pg/ml) 98.5(37.5,1168.8) 104.4(20.8,163.2) 051 102.2(50.8,201.4) 110(49.5.378.9) 0.48
IFNa (pg/ml) 975 (25.1,5754) 97.9 (27.7, 894.6) 0.80 96.8 (53.6, 120.2) 100.5 (85.4, 145.6) 0.72
IFNy (pg/ml) 25.0 (22.7, 894.6) 27.0 (4.7, 76.4) 0.77 26.7 (20.9. 34.5) 21.3(183,29.2) 0.64
P10 (pg/ml) 50/9(29.3,196.5) 50.9(29.3,196.5) 0.11 46.4(15.8,252.8) 59.2(34.7,123.5) 0.13
Eotaxin (pg/ml) 101.3(70.8,303.5) 110(60.6,205.3) 0.59 169.4(67.5,273.2) 164.2(60.7.226.5) 0.59
RANTES (pg/ml) ~ 4077.3(3034.8,19670.9)  3115.9(34,37594.2) 0.4 4212.8(2795.9,7209.5)  4995.1(2471,8668.7) 0.74
IL10 (pg/ml) 9.6(8.1,655.9) 9.9(3.5,864.4) 0.44 8.9(5.8,80) 9.3(5.1,51.5) 0.79
IL13 (pg/ml) 32.5(19.7, 67.2) 30.4 (26.5, 58.4) 0.72 59.9 (46.9, 71.0) 31.2(14.9, 63.6) 0.11
ILIRA (pg/ml) 1085.5(701,9307)  1256.8(715.3,1442.9) 051 1166(940.9,14503)  1083.7(768.9,1505.5) 0.66
IL2R (pg/ml) 542.4(378.1,48152)  562.3(412.6,668.8) 039 674.4(500.9,868.3) 521.2(472,1183.4) 031

rhGH: recombinant human growth hormone,; Ctrl: control; pg/ml: pictogram per millilitre; TNF: tumour necrosis factor,
IL: interleukin, MIP: macrophage inflammatory protein; IFN. interferon, IP interferon inducible protein; RANTES:
regulated on activation normal T expressed and secreted; ILIRA: interleukin I receptor antagonist; IL2RA” interleukin
2 receptor,; T+0: baseline; T+6: Six months
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background medication did not differ between the
two groups over the six-month period. (4). Of note,
six of the 11 children in the rhGH group and two of
the 11 in the control group were on oral Prednisolone
at baseline. Two of the 11 children in the rhGH group
and one of the 11 in the control group were on oral
Prednisolone at six months. Two children in each
group had acute relapse of their IBD during the study
period. For the thGH group, PCDAI was 12.5 (2.5,
37.5) and 5.0 (0.0, 40.0) at baseline and six months,
respectively (p=0.04) whereas, in the control group,
PCDAI was 12.5 (0.0, 30.0) and 23.8 (0.0, 35.0)
at baseline and six months, respectively (p= 0.10).
However, there was no difference in APCDAI
at baseline and six months in the thGH or control
group. In the thGH group, APCDAI was 0.0 (0.0,
20.0) and 0.0 (0.0, 35.0) at baseline and six months
(p=0.50) and in the control group, APCDAI was 0.0
(0.0, 10.0) and 2.5 (0.0, 30.0), respectively (p=0.21).

Inflammatory cytokines

Table I shows the results for changes in pro-
and anti-inflammatory cytokines in the thGH and
control groups. We had previously reported the
lack of change in tumour necrosis factor (TNF)-a,
interleukin (IL1)-p and IL-6 in the Ctrl and thGH
groups (4). None of any of the cytokines measured
showed changes over the six months in either group.
In addition, growth factors/inflammatory mediators:
hepatocyte growth factor (HGF), fibroblast growth
factor (FGF), granulocyte colony stimulating factor
(GCSF), epidermal growth factor (EGF), monocyte
chemoattractant protein 1 (MCP1), monocyte mRNA
induced by interferon gamma (MIG), granulocyte
monocyte colony stimulating factor (GMCSF),
vascular endothelial growth factor (VEGF) did not
change in either group over the six months (Data
not shown). There were no statistical differences
between any of the cytokines in the thGH and Ctrl
groups at baseline or at six months.

There were no significant associations between
erythrocyte sedimentation rate (ESR) with IL1J
(r=-0.01, p= 0.96), IL6 (r= 0.04, p= 0.96), TNFa
(r=-0.12, p= 0.44), IL2 (r= 0.17, p= 0.39), IL2RA
(r=0.01, p= 0.94), IL4 (r=-0.11, p= 0.48) and IL10
(r=0.07, p= 0.67) (Fig. 1). Similarly, there were no
significant associations between C-reactive protein
(CRP) with IL1p (r=-0.03, p= 0.86), IL2 (r=-0.03,

p=10.89), IL2RA (r=0.13, p=0.42), IL4 (r= 0.22, p=
0.16) and IL10 (r= 0.11, p= 0.48). There was a weak
association between C-reactive protein (CRP) and
IL6 although not statistically significant (= 0.29,
p= 0.06). There was a weak negative significant
association between CRP and TNFa (= -0.35, p=
0.03). When we excluded the one outlier, there was
still no significant association between ESR with
IL1B (r=0.04, p=0.81) and TNFa (r=-0.09, p=0.59).
Similarly when the outlier was excluded, there was
no significant association between CRP and IL1f (r=
-0.05, p=0.77) but a weak negative association with
TNFa (-0.37, p=0.02).

IGF axis

Study samples were prioritised for measurement
of total IGF-1 and as such some patients did not
have sufficient samples for measurements of the
other markers of IGF axis. Only patients with paired
samples at baseline and six months were included
for statistical analysis. Total IGF-1 increased
significantly in the rhGH group, which was not
paralleled by changes in IGFBP-3 and ALS. Free
IGF1 did not change in either group (Figs. 2 and
3). The IGF-1/IGFBP-3 molar ratio showed a trend
towards improvement in the rhGH group: 0.02
(0.01, 0.05) and 0.05 (0.02, 0.07) at baseline and six
months, respectively (p=0.07). The IGF-1/IGFBP-3
molar ratio did not change in the control group: 0.02
(0.01, 0.04) and 0.03 (0.02, 0.05) at baseline and
six months, respectively (p=0.88). The IGF-1/ALS
molar ratio increased significantly in the thGH group
from 0.10 (0.06, 0.26) to 0.22 (0.10, 0.42) at baseline
and six months, respectively (p=0.04). The IGF-1/
ALS molar ratio did not change in the control group:
0.10 (0.05, 0.20) and 0.12 (0.07, 0.20) at baseline and
six months, respectively (p=0.24). We evaluated the
association of free IGF-1 of the ratio of total IGF-1
to binding proteins. Combining all the data of both
groups at baseline, free IGF-1 was not associated with
total IGF-1/IGFBP-3 (r=0.03, p=0.86), total IGF-1/
ALS (1=0.29, p=0.08) and total IGF-1/ (IGFBP-3
+ ALS) (r=0.10, p=0.56). There was, however, a
significant positive association between free IGF-1
and total IGF-1: IGFBP-2 (r=0.55, p<0.0001).

Relationship of change in IGF axis and cytokines
As previous studies have reported significant
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associations between IL-6 and markers of the GH-
IGF axis in CD (1l)and cystic fibrosis (12), we
investigated the association of change in cytokines
and the IGF axis in our cohort. Percentage change in
total IGF-1 wasnotrelated to percentage change in any
of the cytokines other than G-CSF (r=0.49, p=0.03).
Percentage change in IGFBP-3 was significantly
associated with a percentage change in IL-2 (r=0.77,
p=0.009), IL-4 (r=0.58, p=0.01), IL-5 (r=0.50,
p=0.03), and MCP (r=-0.53, p=0.02). Percentage
change in ALS was significantly associated with
percentage change in IL-2 (1=0.90, p<0.0001), 1L-4
(r=0.63, p=0.004) and G-CSF (r=0.53, p=0.02).
Percentage change in free IGF-1 was significantly
associated with percentage change in IL-2 (r=0.83,
p=0.003), IL-4 (r=0.53, p=0.02) and MCP (r=-
0.53, p=0.02). Fig. 4 shows the association between
percentage change in IGFBP3, ALS, free IGF1 with
IL-2 and IL-4. Percentage change in IGFBP-2 was not
related to percentage changes in any of the cytokines
analysed. Age was not significantly associated with
IL-2 (r=0.21, p=0.29), IL-4 (r=0.17, p= 0.27), IL-5
(r=0.20, p= 0.20 and G-CSF (r=-0.16, p= 0.36) but
showed a modest significant association with MCP
(r=0.39, p=0.01).

DISCUSSION

Recent studies on children with chronic disease
like JIA (3)and IBD (4) have demonstrated the efficacy
of thGH as a growth promoting agent, despite a state
of relative functional GH resistance in these children.
This report is unique as it has comprehensively
evaluated changes in a wide range of inflammatory
cytokines and markers of the GH-IGF axis following
rhGH therapy in children with chronic disease. The
impact of thGH therapy on the disease process is of
interest given the link between the GH axis and the
cytokine network (9, 13, 14). Detailed evaluation
of markers of inflammation is also important to be
certain that improvement in linear growth following
rhGH therapy is not due to improvement in primary
disease status given the remitting and relapsing
nature of chronic inflammatory conditions and the
possible role of thGH on reduction of inflammation.

In children with GH deficiency, therapy with rhGH
may be associated with an increase in inflammatory
cytokines several hours after thGH injection but

levels return to normal within twenty-four hours (13,
15). Four days of rhGH injections in short non-GHD
children has also been reported to be associated to an
increase in TNFa, IL-1pB, IL-2, IL-12 and IFNy (9).
The GH-IGF axis is known to have a bidirectional
relationship with the cytokine network such that
TNFa, IL-1p and IL-6 can affect the GH-IGF system
(16). GH has also been reported to play a key role
in priming macrophages for the production of
TNFa, IL-1P and IL-6 (17) and induces interferon-y
production by lymphocytes (18).

In previous reports of rodent models with
colitis, improvement in disease status following
treatment with rhGH was associated with a
reduction of mucosal apoptosis and reduced IL-6-
dependent STAT3 activation (5, 6, 19). In a placebo-
controlled study on adults with CD, thGH therapy
was associated with a reduction in CDAI after 4
months without changes in Hb, haematocrit, ESR,
prealbumin, ferritin or iron levels (7). A recent study
that explored the effect of thGH on disease activity
in paediatric CD, concluded that thGH may be an
adjunct for treatment of inflammatory disease based
on an improvement in PCDAI (8). However, other
markers of disease activity including endoscopic
severity, faecal calprotectin and ESR did not show a
significant difference. Given that growth velocity is
used to calculate PCDAL it is possible that the lower
PCDALI in the thGH group in that study may merely
reflect the marked improvement in linear growth
which was observed in the treated group.

Although the current study showed that thGH
therapy in paediatric IBD did not lead to a significant
overall change from baseline to 6 months in a range
of pro- and anti-inflammatory cytokines, significant
positive associations were observed between IGF
binding proteins with several cytokines, notably IL-2
and IL-4 which are cytokines released from activated
T cells (20). It is also thought that GH interacts with
the immune system via its effects on the T helper
cells. Hypophysectomised rats treated with thirteen
days of GH showed increased levels of IL-2 and 1L-4
(21). GH treatment of irradiated human peripheral
blood lymphocytes was able to restore the release of
IL-2 (22). Other studies, on the other hand, suggest
that IL-2 plays a role in the reduction of GH (23).
Thus our data further confirm the tight link between
the GH axis, the cytokine network and immune
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Fig. 1. Relationship of ESR and cytokines. ESR: erythrocyte sedimentation rate; IL: interleukin;, TNF-o. tumour necrosis

factor alpha; mm/hr: millimetre per hour

system.

In contrast to a few previous studies of rhGH
treatment in JIA and IBD which have reported an
increase in total IGF-1 and IGFBP-3 (24, 25), rhGH
treatment on children with IBD in the current cohort
only led to an improvement in total IGF-1. Molar
ratios of IGF-1 to its binding proteins may provide a
surrogate marker of free, bioavailable IGF-1 and IGF-
1:IGFBP-3, and IGF-1:IGFBP-2 have been reported
to increase significantly following introduction of a
gluten-free diet in children with coeliac disease (26).

In the current study, the molar ratio of IGF-1:ALS
was significantly higher after six months of thGH
with a trend towards an increase in the molar ratios
of IGF-1:IGFBP-3 and IGF-1:IGFBP-2 suggesting
higher bioavailable IGF-1. However, on measuring
free IGF-1, no significant change was detected in
either group. Although, this may reflect the difficulty
of measuring free IGF-1 (27), it is also possible that
inflammation may lead to a greater clearance of free
IGF-1 (28). The lack of association of free IGF-1
with molar ratios of total IGF-1 to binding proteins
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Fig. 2. Total and free IGF-1 in paediatric inflammatory bowel disease. IGF-1: insulin like growth factor-1; rhGH:
recombinant human growth hormone; Ctrl: control; mcg/L: microgram per litre; ng/ml: nanogram per millilitre

assessed in this study lend support to that hypothesis.
The limitations of our study include the small sample
size, and not all of our patients had sufficient sample
for measurement of all the binding proteins and free
IGF-1.

Our observation of a positive association between
free IGF-1 and the total IGF-1/IGFBP-2 molar ratio
confirms a previous report of the raised IGFBP-2
during acute relapse in children with IBD (11).
IGFBP-2 has shown to be inversely associated with
short-term growth in children undergoing high-
dose glucocorticoid therapy for remission of acute
leukaemia (29). Percentage change in IGFBP-2 was
positively associated with percentage change in
IL-6 in a group of prepubertal children with cystic
fibrosis (12). Similarly, IGFBP-2 was also positively

associated with IL-6 in a group of young adults with
cystic fibrosis (30). The precise role of IGFBP-2
in regulation of growth in chronic disease requires
further exploration.

Inflammatory cytokines, especially TNFa,
IL1B and IL6, are implicated in the pathogenesis
of IBD, whereas in clinical practice ESR and CRP
are measured to evaluate state of inflammation. It
is unclear how individual cytokines are related to
disease activity and clinical markers of inflammation
in childhood IBD. Previous studies, howeve,r have
found significant association between IL6 and CRP/
ESR in children with IBD (11). We found a weak
association between TNFa and CRP. However, as we
have previously shown in a group of children with
JIA, expression of a range of cytokines in serum and
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synovial fluid can vary even within the same subtype
of JIA (10) and a single cytokine measurement at one
time point may not be very informative.

Our study is limited by the fact that this study
was not powered to look at changes in markers of the
GH-IGF axis and cytokines. In addition, we had no
data on markers of the IGF axis and cytokines from

healthy children from our population measured with
the same assays. Finally, given the small numbers in
our study, statistically significant associations could
be due to chance.

Tosummarise, our preliminary study demonstrated
for the first time that six months of rhGH treatment
in paediatric IBD did not lead to significant increase
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or reduction in a range of inflammatory cytokines. study.

Changes in markers of the GH/IGF axis were
associated with changes in circulating cytokines,
confirming the link between the GH-IGF axis and the
immune system/inflammatory network. Alterations
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EPITHELIAL CELLS: A REAL-TIME CELL PROLIFERATION APPROACH

B. KEMPISTY'2, K. WOJITANOWICZ-MARKIEWICZ?, A. ZIOLKOWSKA', J. BUDNA,
S. CIESIOLKA!, H. IOTROWSKA®*, A. BRYJA', P. ANTOSIK?, D. BUKOWSKA?,
K. WOLLENHAUPT?, M. BRUSKA?, K.P. BRUSSOW?, M. NOWICKI' and M. ZABEL"

'Department of Histology and Embryology, Poznan University of Medical Science, Poznan,
Poland; *Department of Anatomy, Poznan University of Medical Sciences, Poznan, Poland;
3Institute of Veterinary Sciences, Poznan University of Life Science, Poznan, Poland; *Department
of Toxicology, Poznan University of Medical Sciences, Poznan, Poland, ’Institute of Reproductive
Biology, Department of Experimental Reproductive Biology, Leibniz Institute for Farm Animal
Biology, Dummerstorf, Germany, *Department of Histology and Embryology, Wroclaw Medical
University, Wroclaw, Poland

Received July 23, 2013 — Accepted December 22, 2014

The first two authors contributed equally to the work

The correct functionality (sensitivity and receptivity) of endometrial tissue is regulated by paracrine
and endocrine pathways that activate several mediators or metabolic pathways and gene cascades. This
study aimed to investigate the influence of E2 and P4 on progesterone receptor (PGR) and progesterone
receptor membrane component 1 (PGRMC1) protein expression in porcine luminal epithelial cells and
their influence on the proliferation of these cells in real-time. Surface uterine luminal epithelial cells
were removed using sterile surgical blades from uterine horns of ten crossbred anestrus gilts. Following
treatment with collagenase I, cells were separated and transferred into 48-well E-Plates for use in a real-
time cell analyzer (RTCA). The luminal epithelial cells were cultured in vitro (IVC) in standard DMEM
cell culture medium and incubated with E2 (10 pg/ml, 40 pg/ml, 500 pg/ml) and P4 (10 ng/ml, 40 ng/
ml, 500 ng/ml). The cell proliferation index was analyzed after 0-240 h, 0-120 h, 120-240 h. After using
the RTCA analysis we found increased proliferation of luminal epithelial cells after treatment of low
doses of P4 (10 and 40 ng/ml), (P<0.001). Higher doses of P4 led to decrease of proliferation (P<0.001).
Conversely, higher doses of E2 (500 pg/ml) increased the proliferation index as compared to low doses (10
pg/ml) and control (P<0.001). Confocal microscopic observations revealed that higher concentrations of
E2 upregulate the expression of both PGR and PGRMCI1. Additionally, P4 used in lower concentrations
stimulated the expression of these receptors, too. Our study presents a new influence of E2 and P4 on the
expression of PGR and PGRMC1 and on the real-time proliferation of porcine luminal epithelial cells.
The relationship between PGR or PGRMC1 expression and the proliferation of luminal epithelial cells
may be influenced (up- or down regulated) by E2 or P4 in a steroid type- and dose-dependent manner.
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The endometrium is represented by mucosa
that consists of two populations of cells: luminal
and stromal. The proper functionality of these cells
involves several morphological, biochemical and
molecular changes that determine endometrium
receptivity (1-4). It has been shown that the
endometrium is an organ the functionality of
which is associated with several paracrine and
autocrine pathways that form the tissue and prepare
it for decidualization and embryo attachment (5-
9). Although the morphological changes during
normal and abnormal reproductive cycles have been
histologically well described, further biochemical
metabolic pathways and gene and protein expression
pattern analysis are still required.

It is also well recognized that endometrial cells
undergo a cyclic proliferation process followed by
tissue differentiation (10-12). These processes are
regulated between others by the secretion of definite
hormones that provide specific hormonal homeostasis
during reproductive cycles in mammals. Steroids,
which include estrogens and progesterone (P4), are
hormones that are responsible for the regulation of
endometrial cell growth and differentiation (13-
15). It has been found that estrogens regulate the
permeability of capillary endothelia and transudation,
whereas P4 is the main regulator of endometrial
cell secretory activity and cell apoptosis (16, 17).
Furthermore, physicochemical assays have shown
that estrogens down regulate endometrial viscosity,
whereas P4 stimulates viscosity (18, 19).

There are numerous data indicating the role
of steroids in the regulation of endometrial cell
growth, proliferation and differentiation (12, 20, 21).
However, differentiated progesterone receptor (PGR)
gene expression and encoded protein distribution
within luminal epithelial cells still require future
investigation. Generally, PGR is a nuclear receptor
and is responsible for transducing signals after
binding agonists. PGR uses separated promoters that
form two PGR isoforms, PRA and PRB, which differ
by 165 amino acids present only in the N terminus of
PRB. It has been clearly demonstrated that PGR plays
a key role in the preparation of endometrial tissue for
embryo attachment as well as in the maintenance of
pregnancy in mammals (22, 23). Although PGR is
a nuclear steroid receptor, after using the sequence
of porcine PGR as a probe, Gerdes et al. (24)

cloned progesterone receptor membrane component
(PGRMC1), which is highly expressed in the liver
and kidney.

It is well known that the postovulatory rise of
P4 regulates the differentiation of endometrial
cells to prepare this tissue for embryo attachment
(25). Furthermore, in the absence of pregnancy,
the decreasing levels of P4 lead to the induction of
apoptosis. However, it is still unclear whether P4 or
E2 regulates cell proliferation and/or apoptosis by
activating the PGR-associated cascade. Therefore,
in the present study, we investigated PGR and
PGRMCI1 protein expression in porcine luminal
epithelial cells as well as real-time cell proliferation
in relation to P4 and E2 treatment.

MATERIALS AND METHODS

Animals

In this study, crossbred gilts (n=10) aged approximately
nine months and 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 to the laboratory
within 30 min at 38°C.

Luminal epithelial cell 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 luminal epithelial
cells were histologically, 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 at200 g) with
Dulbecco’s modified Eagle’s medium (DMEM; Sigma
Aldrich, Madison, USA) supplemented with gentamicin
(20 pg/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 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
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Aldrich, Madison, USA). The cells were cultured at
38°C in a humidified atmosphere of 5% CO,. The culture
medium was changed every 2 to 3 days.

In vitro luminal epithelial cell cultivation using a real-time
cell analyzer (RTCA)

During cultivation, the cells were transferred into 48-
well E-Plates for use in a real-time cell analyzer (RTCA,
Roche-Applied Science, GmbH, Penzberg, Germany)
consisting of an RTCA analyzer, an RTCA SP station
and RTCA software. The luminal epithelial cells were
then cultured in 200 pl DMEM for 240 h and incubated
with different doses of estradiol-17beta (E2) (10 pg/ml)
and progesterone (P4) (10 ng/ml), respectively. The PGR
and PGRMCI1 protein expression after double treatment
with E2 and P4 (P4-20 ng/ml+E2-10 pg/ml), was also
evaluated. After 240 h 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 further confocal
microscopy. After respective steps of cultivation (0-240 h,
0-126 h, 126-240 h), the cell index (CI) and the normalized
cell index were measured and used to evaluate the relative
and quantitative changes in electrical cell impedance. The
status of cells was determined using RTCA software.

Confocal microscopy for PGR, PGRMCI, cytokeratin
8 and 18 expression and distribution in porcine luminal
epithelial cells

After 240 h of proliferation, the luminal epithelial
cells were collected, 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 in 3% BSA in PBS with 0.1% Tween20 for 30
min at RT. The luminal epithelial cells were incubated for
1 h at room temperature (RT) with rabbit polyclonal anti-
PGR (C-20) antibody (Ab) and/or goat polyclonal anti-
PGRCM1 (D-16) antibody (Ab), purchased from Santa
Cruz Biotechnology (Santa Cruz, CA, USA), as well as
mouse monoclonal anti-cytokeratin 8 antibody (SPM192)
and mouse monoclonal anti-cytokeratin 18 antibody
(DC10) (purchased from Abcam and Dako, 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 hour at RT with fluorescein isothiocyanate (FITC)-
conjugated goat anti-rabbit IgG Ab and diluted 1:500 in
PBS/0.1% Tween 20. Following washing in PBS/0.1%
Tween 20, 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
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). The cytokeratin 8 and 18 was used
as positive control for epithelial cells.

Statistical analysis

One-way ANOVA followed by the Tukey post-test
was used to compare the real-time (RTCA) quantification
results. The experiments were carried out with at least
two replicates. The cell proliferation index results were
obtained using the RTCA system. The differences were
considered to be significant at *P < (.05, **P < 0.01
and ***P <0.001 for RTCA analyses. 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

Using RTCA assays, we analyzed the index of
proliferation of isolated porcine luminal epithelial
cells after 0-240 h, 0-120 h, 0-44 h and 120-240 h
(Fig. 1 A, B, C and D, respectively), which were
treated previously with 10 pg/ml of E2 and 10 of
P4. We found the increased proliferation index after
treatment of 10 ng/ml of P4 as compared to untreated
control cells (P<0.001), (Fig. 1 A, B, C). Contrarily,
low doses of E2 (10 pg/ml) led to inhibition of
proliferation as compared to untreated control
(P<0.001), (Fig. 2 A, B, C).

When PGR expression was analyzed after E2
treatment, we found no differences in expression of
PGR after 10 pg/ml of E2 treatment as compared
to control (Fig. 3 A-E). Confocal microscopy
observation revealed an increased expression of
PGR after cultivation of cells with 10 ng/ml of P4
compared to control (P<0.001), (Fig. 4 A-E). When
analyzed double treatment (E2 and P4), we observed
no differences in expression of PGR when treated
with (P4-20 ng/ml, E2-10 pg/ml), (Fig. SA-E).

The alterations in expression of PGRMC1 after
10 pg/ml of E2 and P4 (10 ng/ml) treatment were not
significant (Fig. 6 A-E, Fig. 7 A-E). The expression
profile of PGRMC1 was not changed with (P4-20
ng/ml, E2-10 pg/ml) (Fig. 8A-E). The epithelial
cells markers, antibodies against cytokeratin 8 and
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Fig. 1. Proliferation index of luminal epithelial cells cultivated for 240 hours treated with P4. The luminal epithelial cells
were recovered and treated with collagenase for 10 min at 38.5°C. Then, the cells were immediately transferred into an
E-Plate 48 of a real-time cell analyzer (RTCA, Roche-Applied Science, GmbH, Penzberg, Germany). The experiment
consisted of four replicates involving cultivation of the same population of collected cells. At every step of the experiment,
the cell proliferation index was assessed in real-time in vitro cultivation for the time periods of 0-240 h (A), 0-120 h (B),
and 120-240 h (C). During cultivation cells were treated with doses of P4 (10 ng/ml). The differences were considered to

be significant at the level of "P<0.05, "P<0.01 and ""P<0.001. c-control, P4-progesterone.
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Fig. 2. Proliferation index of luminal epithelial cells cultivated for 240 hours treated with E2. At every step of the experiment,
the cell proliferation index was assessed in real-time in vitro cultivation for the time periods of 0-240 h (4), 0-120 h (B),
and 120-240 h (C). During cultivation cells were treated with doses of E2 (10 pg/ml). The differences were considered to
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Fig. 3. Confocal microscopic observation of PGR protein levels and cellular distribution in porcine luminal epithelial
cells after treated with E2. The luminal epithelial cells were treated with E2 (10 pg/ml, A-E), and stained with 0.1
ug/ml 4,6-diamino-2-phenylindole (DAPI; Santa Cruz Biotechnology, Santa Cruz, CA, USA) in mineral oil following
staining for porcine PGR (rabbit polyclonal anti-PGR Ab). Secondary antibodies were labeled with FITC (fluorescence
isothiocyanate), which emits a green fluorescent signal after excitation at 488 nm. The fluorescence intensity of protein
expression level is presented by histograms. The scale bars represent 20 um.

Fig. 4. Confocal microscopic observation of PGR protein levels and cellular distribution in porcine luminal epithelial
cells after treated with P4. The luminal epithelial cells were treated with and P4 (10 ng/ml, A-E), and stained with 0.1
ug/ml 4,6-diamino-2-phenylindole (DAPI; Santa Cruz Biotechnology, Santa Cruz, CA, USA) in mineral oil following
staining for porcine PGR (rabbit polyclonal anti-PGR Ab). Secondary antibodies were labeled with FITC (fluorescence
isothiocyanate), which emits a green fluorescent signal after excitation at 488 nm. The fluorescence intensity of protein
expression level is presented by histograms. The scale bars represent 20 um.



44 B. KEMPISTY ET AL.

Fig. 5. Confocal microscopic observation of PGR protein levels and cellular distribution in porcine luminal epithelial
cells after double treated with E2 and P4. The luminal epithelial cells were treated with E2 and P4 (P4-20 ng/ml, E2-10
pg/ml), (A-E) and stained with 0.1 ug/ml 4,6-diamino-2-phenylindole (DAPI; Santa Cruz Biotechnology, Santa Cruz,
CA, USA) in mineral oil following staining for porcine PGR (rabbit polyclonal anti-PGR Ab). Secondary antibodies were
labeled with FITC (fluorescence isothiocyanate), which emits a green fluorescent signal after excitation at 488 nm. The
fluorescence intensity of protein expression level is presented by histograms. The scale bars represent 20 um.

Fig. 6. Confocal microscopic observation of PGRMCI protein levels and cellular distribution in porcine luminal epithelial
cells after treated with E2. The luminal epithelial cells were treated with E2 (10 pg/ml, A-E), and stained with 0.1 ug/ml
4,6-diamino-2-phenylindole (DAPI; Santa Cruz Biotechnology, Santa Cruz, CA, USA) in mineral oil following staining
for porcine PGRMC1 (goat polyclonal anti-PGRMC1 Ab). Secondary antibodies were labeled with FITC (fluorescence
isothiocyanate), which emits a green fluorescent signal after excitation at 488 nm. The fluorescence intensity of protein
expression level is presented by histograms. The scale bars represent 20 um.
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Fig. 7. Confocal microscopic observation of PGRMC1 protein levels and cellular distribution in porcine luminal epithelial
cells after treated with P4. The luminal epithelial cells were treated with and P4 (10 ng/ml, A-E), and stained with 0.1 ug/
ml 4,6-diamino-2-phenylindole (DAPI; Santa Cruz Biotechnology, Santa Cruz, CA, USA) in mineral oil following staining
for porcine PGRMCI (goat polyclonal anti-PGRMC1 Ab). Secondary antibodies were labeled with FITC (fluorescence
isothiocyanate), which emits a green fluorescent signal after excitation at 488 nm. The fluorescence intensity of protein
expression level is presented by histograms. The scale bars represent 20 um.

Fig. 8. Confocal microscopic observation of PGRMCI protein levels and cellular distribution in porcine luminal epithelial
cells after treated with E2 and P4. The luminal epithelial cells were treated with E2 and P4 (P4-20 ng/ml, E2-10 pg/ml),
(A-E, respectively) and stained with 0.1 ug/ml 4,6-diamino-2-phenylindole (DAPI; Santa Cruz Biotechnology, Santa Cruz,
CA, USA) in mineral oil following staining for porcine PGRMC1 (goat polyclonal anti-PGRMCI Ab). Secondary antibodies
were labeled with FITC (fluorescence isothiocyanate), which emits a green fluorescent signal after excitation at 488 nm. The
fluorescence intensity of protein expression level is presented by histograms. The scale bars represent 20 um.
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Fig. 9. Confocal microscopic observation of cytokeratin 8 protein levels and cellular distribution in control cells. The
untreated luminal epithelial cells were used as control to determine cytokeratin 8 (A-E) protein expression level and
stained with 0.1 ug/ml 4,6-diamino-2-phenylindole (DAPI; Santa Cruz Biotechnology, Santa Cruz, CA, USA) in mineral
oil following staining for cytokeratin 8 (mouse monoclonal anti-cytokeratin 8 Ab). Secondary antibodies were labeled with
FITC (fluorescence isothiocyanate), which emits a green fluorescent signal after excitation at 488 nm. The fluorescence
intensity of protein expression level is presented by histograms. The scale bars represent 20 um.

Fig. 10. Confocal microscopic observation of cytokeratin 18 protein levels and cellular distribution in control cells.
The untreated luminal epithelial cells were used as control to determine cytokeratin 18 (A-E) protein expression level
and stained with 0.1 ug/ml 4,6-diamino-2-phenylindole (DAPI; Santa Cruz Biotechnology, Santa Cruz, CA, USA) in
mineral oil following staining for cytokeratin 18 (mouse monoclonal anti-cytokeratin 18 Ab). Secondary antibodies were
labeled with FITC (fluorescence isothiocyanate), which emits a green fluorescent signal after excitation at 488 nm. The
fluorescence intensity of protein expression level is presented by histograms. The scale bars represent 20 um.
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Fig. 11. Confocal microscopic observation of PGR protein levels and cellular distribution in control cells. The untreated
luminal epithelial cells were used as control to determine PGR (A-E) protein expression level and stained with 0.1
ug/ml 4,6-diamino-2-phenylindole (DAPI; Santa Cruz Biotechnology, Santa Cruz, CA, USA) in mineral oil following
staining for porcine PGR (rabbit polyclonal anti-PGR Ab). Secondary antibodies were labeled with FITC (fluorescence
isothiocyanate), which emits a green fluorescent signal after excitation at 488 nm. The fluorescence intensity of protein
expression level is presented by histograms. The scale bars represent 20 um.

Fig. 12. Confocal microscopic observation of PGRMCI protein levels and cellular distribution in control cells. The
untreated luminal epithelial cells were used as control to determine PGRMC1 (A-E) protein expression level and stained
with 0.1 ug/ml 4,6-diamino-2-phenylindole (DAPI; Santa Cruz Biotechnology, Santa Cruz, CA, USA) in mineral oil
following staining for porcine PGRMCI (goat polyclonal anti-PGRMC1 Ab). Secondary antibodies were labeled with
FITC (fluorescence isothiocyanate), which emits a green fluorescent signal after excitation at 488 nm. The fluorescence
intensity of protein expression level is presented by histograms. The scale bars represent 20 um.
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cytokeratin 18, were used, (Fig. 9 A-E, Fig. 10 A-E).
As controls, the untreated luminal epithelial cells
were used for PGR (Fig. 11 A-E) and PGRMCT1 (Fig.
12 A-E).

DISCUSSION

It is well recognized that the proper physiological
function of the endometrium is regulated by paracrine
and autocrine pathways that involve the activation
of several mediators and metabolic pathways. The
main role of the endometrium is to prepare the related
tissue parts for embryo attachment and implantation.
However, the endometrium cannot function by
itself and it is permanently morphologically and
biochemically modified. This is closely linked to a
hormonal pathway between the hypothalamus, the
pituitary gland, the ovaries and the endometrium. It
is also accepted that estrogens and progesterone play
significant roles in several endometrium functions
during the reproductive cycle. Currently, there are
limited data indicating the role of both these hormones
in the regulation of PGR and PGRMCI expression in
porcine endometrium or luminal epithelium. Makker
et al. (26) revealed changes in nuclear and cytosolic
estradiol (ER) and progesterone (PGR) receptor
concentrations in the antimesometrial and mesometrial
segments of the uterus of guinea pigs in relation to
circulating hormone levels, as well as histological
alterations. Since both nuclear and cytosolic ER and
PGR were increased in the antimesometrial segment
of the uterine horn, they considered a significant
role of estradiol and progesterone in the induction of
endometrial sensitivity, and growth and development
of decidua in endometrial tissue. To our knowledge
there are no data available indicating an influence
of different E2 or P4 concentrations on PGR and
PGRMCI expression in porcine luminal epithelium.
The results of our study lead to assume that both E2
and P4 are be involved in the regulation of endometrial
proliferation, but in a dose-dependent manner. Tarleton
et al. (27) studied the influence of E2 treatment on
ER and PGR mRNA expression in neonatal porcine
uteri as well as its role in adult uterine function. In
their study, E2 treatment did not affect endometrial
ER and PGR mRNA expression. They concluded that
transient postnatal estrogen treatment affects porcine
endometrial responsiveness to embryotrophic factors

and that endometrium estrogen-sensitivity regulates
postnatal uterine size and functionality. In agreement
with these results, we observed that an increased
concentration of E2 stimulated the protein expression
of both PGR and its membrane component PGRMCI,
whereas P4 treatment increased the expression of these
proteins in lower doses. Furthermore, the expression
of ERs and PGR in the sow uterus at different stages of
the estrus cycle, in inseminated sows and during early
pregnancy was recently investigated by Sukjumlong
et al. (28). They showed an increased expression of
PGR mRNA in the porcine myometrium at proestrus
and estrus in cycling sows as well as at estrus in
newly inseminated sows. In the endometrium, the
expression of PGR mRNA was similar for cyclic and
early pregnant females. Moreover, the expression of
PGR mRNA was lowest at diestrus and late diestrus
(d 11 and d 19). Thus, the expression of ERs and
PGR differs significantly between the endometrium
and the myometrium and is varying between the
stages of the estrus cycle and pregnancy. Taking into
account our results and these observations, it can be
assumed that different stages of the estrus cycle and
various estrus cycle-hormonal pathways, such as
those influenced by different concentrations of E2 and
P4 (probably as used in our experiment) alter PGR
and PGRMCI1 protein expression in a steroid type-
and dose-dependent manner. However, our results
cannot be directly compared to the results obtained
by Sukjumlong et al. (28) because they did not use
steroid treatment or endometrial tissue cultivation.
Regarding proliferation, Bazer et al. (29)
determined that P4 activates a cascade of genes
encoding mediators (e.g., interferon, IFN) or
down regulates its receptor (PGR) to promote cell
proliferation and migration. Our results obtained in
vitro are partly in agreement with these observations.
We found that proliferation increased with low
doses of P4 after the first 120 h of IVC. Moreover,
higher concentrations of E2 influence increased
luminal epithelial cell proliferation. Here, we clearly
demonstrate that low doses of P4 and higher doses
of E2 lead to increase of luminal epithelial cells
proliferation in vitro. These observation suggest a
different role of both steroids in differentiation of
porcine endometrial cells, which is also observed
when analyzing the role of E2 and P4 in regulation
of the oestrus cycle in pigs. Although the general
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effect of steroids on the proliferative activity of
endometrial tissues is well known, there is still a
lack of data regarding the influence of E2 and P4 on
porcine luminal epithelial cell proliferation during
cultivation in real-time, and further investigations
are still necessary.

Our in vitro study leads to presume that the
expression of PGR and PGRMCI may be up- or
down regulated also in vivo by E2 and P4 in a steroid
type- and dose-dependent manner. Additionally, real-
time proliferation of porcine luminal epithelial cells
in vitro is not always associated with progesterone
receptor expression after steroid treatment, which
implies an involvement of other factors or mediators
in the regulation of these mechanisms.
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It is important to determine the immunological properties for the maintenance of health. We chose
the Shikoku Walking Pilgrimage to assess the proper biomarkers for the evaluation of immunological
properties. We examined whether the Shikoku Walking Pilgrimage could have a positive effect on
the mental and physical health of walking participants by using several biomarkers proposed by our
laboratory. Twelve non-randomized healthy male volunteers including 3 twice attendees walked the
Shikoku Walking Pilgrimage distance of 58.9 km over 3 days. Plasma, serum, urine, and saliva were
collected from the volunteers during the pilgrimage and at 1 week before and after it. Immunological
biomarkers, including lipid metabolism, oxidative stress, immune function, and catecholamines,
were measured. Additionally, mood state scores, alertness, autonomic nervous system activity, and
body motion levels during sleep were assessed. A significant decrease was observed in the subjective
tension-anxiety levels and in the concentrations of serum low-density lipoprotein cholesterol, plasma
hydroxyoctadecadienoic acid (HODE), and urine adrenaline during the pilgrimage as compared to the
values of these parameters before the participants embarked on the pilgrimage. The serum levels of
brain-derived neurotrophic factor (BDNF) were significantly increased 1 week after the pilgrimage
relative to those assessed previously. No significant differences in subjective fatigue and the flicker
perception threshold were observed. These results suggest that the Shikoku Walking Pilgrimage can
exert a positive effect on mental and physical health as particularly shown in the reduction of tension-
anxiety and oxidative stress without the accompaniment of fatigue. HODE correlated significantly with
typical immunological marker natural Killer cell activity and immunoglobulin G. This suggests that
there are promising biomarkers such as HODE, NK activity, BDNF, LDL-c, and IgG for assessing the
immunological properties.
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In order to determine the proper biomarkers for the
assessment of both physical and mental effects of daily
life from the viewpoint of the immunological aspect,
we chose the Shikoku Walking Pilgrimage “Ohenro”.
The “Ohenro” is a Buddhist circuit pilgrimage
of 88 temples in the Shikoku region of Japan.
Approximately 300,000 people participate each year.
It was traditionally performed by walking; however,
an increasing number of pilgrims have used buses
and other vehicles to complete the circuit in recent
years. About 40 days in total is required to visit all 88
temples of the Shikoku Pilgrimage if the participants
walk approximately 30 km per day. The reasons for
embarking on this pilgrimage include the fulfillment
of prayers; however, aims such as the advancement
of health and hobbies have become common recently,
and the age of the pilgrims varies widely.

In a questionnaire survey on the motive
for embarking on the pilgrimage, over 40% of
respondents answered that they aimed to improve
their health (1). However, to date, no comprehensive
investigation has been conducted on the effect of
walking pilgrimages on both the mental and physical
health. To investigate the impact of a walking
pilgrimage on vascular function and metabolic
parameters, Bemelmans et al. (2-3) measured the
body weight, waist circumference, blood pressure,
serum glucose levels, pulse rate, insulin, and lipids
during the Santiago de Compostela pilgrimage,
which involves a similar long-distance walk like the
Shikoku Walking Pilgrimage. The results showed
a reduction in low-density lipoprotein (LDL), an
increase in high-density lipoprotein (HDL), and a
reduction in body weight. Accordingly, walking
pilgrimage affects mental and physical conditions
which may result in affecting immunological
properties.

We have previously reported that appropriate
biomarkers for oxidative stress are reflected
on the central nerve system by cell (4-5) and
human (6) studies. These biomarkers include
hydroxyoctadecadienoic  acids (HODEs) and
7B-hydroxycholesterol  (7-OHCh) which are
determined by Liquid Chromatography tandem Mass
Spectrometry (LC-MS/MS) and Gas Chromatograph
Mass Spectrometer (GC-MS), respectively, after
reduction and saponification. HODE induces
adaptive response against after-coming stress (4-5)

and 7B-OHCh reflects human fatigue (6). Thus these
biomarkers are considered to be good biomarkers for
immunological responses.

In this study, we comprehensively investigated the
promising biomarkers for immunological properties
by clarifying the effect of the Shikoku Walking
Pilgrimage on both the mental and physical health of
the participants in addition to examining metabolic
parameters. This study was the preliminary one
for determining the appropriate biomarkers toward
clarifying the immunological properties by choosing
the Shikoku Walking Pilgrimage.

MATERIALS AND METHODS

Study design

This study was approved by the Committee for
Ergonomic Experiments and the Committee for Ethics
on Experiments with Human Derivative Samples at the
National Institute of Advanced Industrial Science and
Technology.

Nine healthy men (age: 3648 years, non-athletes)
applied for participation, and all of them passed a
medical interview. All volunteers provided informed
written consent. They walked 58.9 km of the Shikoku
Walking Pilgrimage distance from Ichinomiya Temple
to Ookubo Temple over 3 days (17.7 km on day 1, 22.7
km on day 2, and 18.5 km on day 3), worshipping at 6
pilgrimage temples. The experiment was divided into
2 parts performed in December 2011 and July 2012.
Five volunteers participated in 2011 and 7 volunteers
participated in 2012. Three of them participated twice for
clarifying the reproducibility of this study. All the subjects
were non-athletes, walked the pilgrimage route at nearly
the same speed, and were fed the same typical Japanese
food during the pilgrimage.

Sample processing

Blood and urine samples were obtained from the
volunteers upon awakening on 4 different occasions: days
1, 2, and 3 of the Shikoku Walking Pilgrimage, and the day
after the pilgrimage (day 4). Volunteers were instructed
to fast for 10 hours prior to blood and urine collection
in order to reduce the effects of food intake. From days
1 to 3, saliva was collected 3 times in total before the
evening meal (which took place after the completion of
the pilgrimage for that particular day), using a Salivette
saliva collection device (Salimetrics Oral Swab, SAL-
5001-20, State College, PA, USA).

Psychophysiological measurement
Before breakfast, lunch, and dinner, the volunteers
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answered a simple Japanese version of the Profile of
Mood States (POMS) (7). Based on the answers to the
simplified POMS, the scores for 6 indicators of mood
state (tension-anxiety, depression-dejection, fatigue,
vigor, anger, confusion) were calculated. Before breakfast
and dinner, a critical flicker perception threshold test
was performed using an FHM mobile computer (Flicker
Health Management Co., Ltd., Japan). In this assessment,
the frequency or luminance contrast of a flashing light on
the screen is changed until the volunteer can discern the
flickering. The critical measurement obtained during the
test is the threshold at which the flickering is perceived
(i.e., the flicker perception threshold), which has been
found to decrease during reduced alertness (8). To
measure the balance of the volunteer’s autonomic nervous
system activity, a portable heart rate variability sensor was
attached to the volunteer’s chest during the experiment.
To measure body motion during sleep, actigraph body
motion sensors (AMI, USA) were attached to the wrist of
the volunteer’s non-dominant arm; the actigraph records
the number of times the acceleration data crosses the 0
level in 1 minute.

The above measurements were obtained 1 week before
and after the Shikoku Walking Pilgrimage. Hereafter, these
are referred to as the pre-experiment and post-experiment,
respectively. The pre- and post-experiments were each
performed over the course of 1 day in the 2011 experiment

A Year2011 (n=5)

(Fig. 1 A) and 3 days in the 2012 experiment (Fig. 1 B).
The subjects were fed meals of typical Japanese food
during the pre- and post-experiments.

We measured the physiological variables and blood
and urine variables at the same time (upon awaking and
before the breakfast) during the pre-, and post-experiments
and the pilgrimage.

Biomarker analysis

Biomarker concentrations were measured as described
in Table I. using the collected blood samples. These
included typical immunological markers natural killer
(NK) cell activity and Immunoglobulin G (IgG). Serum
samples collected from the volunteers were stored at
—80°C until assay. The serum concentration of brain-
derived neurotrophic factor (BDNF) was determined
according to previous reports (9-10) using the BDNF
Emax Immunoassay System kit (Promega, Madison, WI,
USA).

Oxidative stress markers were measured as follows.
The plasma (200 pL) was mixed with 300 pL of saline.
Subsequently, 500 pL of methanol containing the
internal standards 8-iso-prostaglandinF20-d4 (50 ng),
13-(S)-hydroxyoctadecadienoic  acid (13-HODE-d4;
50 ng), 7p-hydroxycholesterol (7B-OHCh-d7; 19 ng),
16-hydroxyhexadecanoic acid (70 ng), and 100 puM
butylated hydroxytoluene were added to the samples.

Shikoku
Pre-experiment Pilgrimage Post-experiment
>
Day -5 123 9

B Year2012(n=4)

Shikoku

Pre-experiment

Pilgrimage

Post-experiment

Day -6 -5 -4

123

8910>

Fig. 1. Experimental schedule of the Shikoku Walking Pilgrimage. The experiments were conducted 1 week before (pre-
experiment), during, and 1 week after (post-experiment) the 3-days Shikoku Walking Pilgrimage. The pre- and post-
experiments were each performed over the course of 1 day in the (A) 2011 experiment and 3 days in the (B) 2012

experiment.
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Table 1. Analyzed blood biomarkers and measurement methods.

Classification

Biomarker name

Measurement method and kit

Immunological system

Immunoglobulin G (IgG)/total protein

Immunoturbidimetric method. N-assay TIA
1gG-SH1

Immunoglobulin A (IgA)/total protein

Immunoturbidimetric method. N-assay TIA
IgA-SHI

Immunoglobulin M (IgM)/total protein

Immunoturbidimetric method. N-assay TIA
IgM-SH1

Natural Killer (NK) cell activity

51Cr liberation method. (11)

Lipid metabolism

Low-density lipoprotein (LDL) choles-
terol

Direct method. Cholestetest LDL2

High-density lipoprotein (HDL) choles-
terol

Direct method. Cholestetest HDL2

Lipid oxidation

total hydroxyoctadecadienoic acid

LC-MS/MS and GC-MS

(tHODE)/linoleates
Isoprostane LC-MS/MS
7B-hydroxycholesterol (78-OHCh)/total | GC-MS
cholesterol
Neurotrophin Serum Brain-derived neurotrophic factor | ELISA
(BDNF)
Liver Alanine aminotransferase (ALT) JSCC4 consensus method. Cicaliquid ALTS

Aspartate aminotransferase (AST)

JSCC4 consensus method. Cicaliquid ASTS

y-glutamyl transpeptidase (y-GTP)

JSCC4 consensus method. Cicaliquid y-GT5

Total bilirubin acid

Chemical oxidation method. Total Bilirubin
E-HR6

Cholinesterase JSCC* consensus method. Cicafit ChE5
Endocrine system Creatine kinase (CK) JSCC* consensus method. Cicaliquid y-GT5
Glucose Hexokinase UV method. Cicaliquid GLU5
Amylase Enzymatic method (Gal-G2-CNP substrate
method).
Cicaliquid AMY5
Cortisol Solid-phase RIA (radio immunological

assay). Cortisol kit TFB7

Kidney

Urea nitrogen

Urease, LED, UV methods. Cicaliquid UNS

Uric acid

Enzymatic method (uricase POD method).
Pureauto S UA3

INittobo Medical Co. Ltd., 2Fujirebio Inc., 3Sekisui Medical Co. Ltd., 4Japan Society of Clinical Chemistry, 5Kanto
Chemical Co. Ltd., 6Wako Pure Chemical Industries Ltd., 7TFB Inc..

This was followed by the reduction of hydroperoxides
by using an excess amount of triphenylphosphine
(final concentration; 1 mM) at room temperature for 30
minutes. Next, the reduced sample was mixed with 1 M
KOH in methanol (500 pL) under nitrogen and incubated
in a shaker for 30 min in the dark at 40°C. The mixture

was cooled on ice, acidified with 10% acetic acid in
water (2 mL), and extracted with chloroform and ethyl
acetate (chloroform/ethyl acetate = 4/1, v/v, 5 mL). The
sample was mixed using a vortex mixer for 1 min and
centrifuged at 1500 x g for 10 min at 4°C. The chloroform
and ethyl acetate layer was concentrated to about 1 mL
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after the removal of the water layer and divided equally
into 2 portions. The divided chloroform and ethyl acetate
solution was evaporated to dryness under nitrogen. The
derivatized sample was reconstituted with methanol
and water (methanol/water = 70/30, v/v, 200 pL), and a
portion of the sample (10 pL) was subjected to LC-MS/
MS (Thermo Finnigan TSQ Quantum Discovery Max,
a triple-quadrupole mass spectrometer; Thermo Fisher
Scientific, CA, USA). With the use of this protocol,
hydroperoxides and hydroxides of both free and
esterified forms of linoleic acid were assessed as the total
hydroxyoctadecadienoic acid (tHODE), which includes
enzymatic and non-enzymatic products; 9- and 13-(Z, E)-
HODE, non-enzymatic free radical-mediated products;
and 9- and 13-(E, E)-HODE. Totally assessed 7p-OHCh
was measured by a gas chromatograph (GC 6890 N,
Agilent Technologies, Palo Alto, CA, USA) equipped with
a quadrupole mass spectrometer (5973 Network, Agilent
Technologies). The tHODE concentration was divided by
the totally assessed linoleic acids (linoleates) in order to
reduce the effects of food intake.

Catecholamine (adrenaline, noradrenaline, and
dopamine) concentrations in the wurine samples
were determined wusing high-performance liquid

chromatography. Urine creatinine concentrations were
measured using enzymatic detection (Pure Auto S
CRE-L; Sekisui Medical, Tokyo, Japan). Adrenaline,
noradrenaline, and dopamine concentrations were divided
by the creatinine concentration to produce a normalized
value. The average catecholamine levels for each
volunteer’s urine sample were calculated on each day of
the pre-experiment, the Shikoku Walking Pilgrimage, and
the post-experiment.

Cortisol concentrations in the collected saliva
samples were measured by wusing an enzyme-
linked immunosorbent assay (Enzaplate cortisol Kkit,
Daiichikishimoto-rinshokensa-center, Sapporo, Japan).
Saliva immunoglobulin A (sIgA) concentrations were
also measured by using an enzyme-linked immunosorbent
assay (EIA slgA test, MBL, Aichi, Japan).

Physiological data analysis

From the R-wave to R-wave (RR) interval data
calculated using the heart rate variability meter, the
balance of the autonomic nervous system was evaluated
as follows: the 6-hour RR interval data obtained from
the response time following each morning flicker test
was demarcated into windows of 256-second intervals.
Windows in which the ratio of the RR intervals in the range
of 0.3 seconds to 1.5 seconds was less than 60% were
excluded from the analysis. After the removal of these
windows and the RR intervals outside the range of 0.3
seconds to 1.5 seconds from the analysis set, the heart rate

(as derived from the number of heartbeats) and the high
frequency power of heart rate variability in normalized
units (HFnu) was calculated from each window of the RR
interval data (12). Finally, the heart rate and the average
HFnu of each volunteer were calculated for each day of
the pre-experiment, the Shikoku Walking Pilgrimage (day
4 was removed because of readings only being obtained in
the morning), and the post-experiment. The average body
motion level during sleep was calculated for each night, as
measured using the actigraph body accelerometers.

Statistical analysis

For the indices measured in the 2012 experiment (n
= 4), an average of 3 days was used for both the pre-
experiment and post-experiment. For the 2011 experiment
(n = 5), the measurements were obtained as is (since
they were obtained over just 1 day) and were used in the
subsequent analysis. The data for the first attendance were
used after the confirmation of the reproducibility in the
two experiments.

The following statistical tests were conducted to
investigate whether there was a significant difference in
the value of each index at the 6 different data collection
points (or the 5 different data collection points, as pertains
to the heartbeat assessments) corresponding to the pre-
experiment, the first, second, third, and fourth days of
the pilgrimage, and the post-experiment. A one-factor
repeated measures analysis of variance (ANOVA) was
performed for measurements involving the 6 different
data collection points. A multiple comparison test
(Bonferroni correction) was performed where the main
effects were found at the 5% level, and was conducted to
identify parameters with values that differed significantly
between the pre-experiment, the pilgrimage, and the post-
experiment. However, the ratio data outside the range of
+5 standard deviations from the average of all volunteers
were removed.

Correlations of representative indices found to have a
main effect from the results of the ANOVA were analyzed.
A Pearson’s correlation coefficient was calculated for each
pair of indices after conversion to a normalized value for
each volunteer. All data were analyzed using MATLAB.

RESULTS

Psychological indices

The morning subjective tension-anxiety scores
of the simplified version of POMS for the third and
fourth days of the Shikoku Walking Pilgrimage were
significantly lower than those of the pre-experiment
(Fig. 2 A). Furthermore, it is interesting and striking
that the score of post-experiments was not higher
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Fig. 2. Effects of Shikoku Walking Pilgrimage on psychophysiological indices. Average (A) tension-anxiety POMS scores,
(B) fatigue POMS scores, (C) flicker perception threshold in the morning, and (D) heart rate across all subjects + standard
error for the pre-experiment, each day of the pilgrimage, and the post-experiment. Horizontal bars indicate significant

(p < 0.05) differences.

than that of pre-experiment in all subjects. No main
effects were found in the other 5 mood state scores,
including fatigue (Fig. 2 B), during the Shikoku
Walking Pilgrimage.

Physiological indices

No main effects were found in either the morning
or evening score of the critical flicker perception
threshold test (Fig. 2 C). During the pilgrimage
experiment, the heart rate was significantly higher
than that during the pre-experiment (Fig. 2 D).
Additionally, on the morning of the first and third
days of the pilgrimage, this value was significantly
higher than that of the post-experiment. However,

the high frequency power of heart rate variability in
normalized units (HFnu) of the heart rate variability
was not found to be a main effect of the Shikoku
Walking Pilgrimage. The average amount of body
motion during sleep was not found to be a main
effect of the Shikoku Walking Pilgrimage.

Typical immunological markers

Compared to the days from the second to fourth
day of the Shikoku Walking Pilgrimage, the day of
the post-experiment revealed significantly increased
NK cell activity (Fig. 3 A). On the fourth day of
the Shikoku Walking Pilgrimage, the serum IgG
concentration (divided by total protein, TP) was
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Fig. 3. Effects of Shikoku Walking Pilgrimage on lipid metabolism and oxidation indices. Average fasting (4) natural killer
(NK) cell activity, (B) serum immunoglobulin G (IgG) concentration divided by total protein (TP), (C) plasma tHODE
concentration divided by linoleate values, and (D) plasma 7p-OHCh concentration divided by total cholesterol across all
subjects £ standard error for the pre-experiment, each day of the pilgrimage, and the post-experiment. Horizontal bars

indicate significant (p < 0.05) differences.

significantly lower when compared to the first day
of the pilgrimage and the post-experiment (Fig. 3 B).
Similar trends were found for serum IgA and IgM.
However, it is striking that the post levels of NK
activity and IgG/TP increased compared to pre levels
in 7 subjects out of 9, suggesting that immunological
properties would be affected later than this event.

Other immunological biomarkers

To evaluate the changes of lipid oxidation
stress markers, the concentration of tHODE and
7B-hydroxycholesterol (7p-OHCh), generated from
linoleate and total cholesterol, respectively, were
measured. Compared to the first day of the Shikoku

Walking Pilgrimage, the third and fourth days showed
a significantly reduced fasting tHODE concentration
(divided by the totally assessed linoleates) (Fig. 3
(). Additionally, on the morning of the third day of
the pilgrimage, this value was significantly lower
than that of the post-experiment. No variation was
found in the concentration of plasma isoprostane,
oxidation product generated from arachidonate or
the 7B-OHCh concentration divided by the total
cholesterol value (Fig. 3 D) during the pilgrimage.
The urine adrenaline concentration (divided
by creatinine for normalization) upon the subject
awakening on the second day of the Shikoku Walking
Pilgrimage was significantly lower than that of the
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Fig. 4. Effects of Shikoku Walking Pilgrimage on biochemical indices. Average fasting (4) urine adrenaline concentration
(creatinine-normalized), (B) serum brain-derived neurotrophic factor (BDNF) concentration, (C) serum low-density
lipoprotein (LDL) cholesterol concentration, and (D) serum high-density lipoprotein (HDL) cholesterol concentration
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Horizontal bars indicate significant (p < 0.05) differences.

mornings of the pre-experiment, the first day of
the pilgrimage, and the post-experiment (Fig. 4 A).
There was no main effect for urine noradrenaline and
dopamine (both creatinine-normalized) in relation to
the pilgrimage. No main effects were found in the
serum and saliva cortisol concentrations and saliva
immunoglobulin A (sIgA) concentration, which
were measured to evaluate stress.

The serum brain-derived neurotrophic factor
(BDNF) concentration, which is used as a depression
marker, tended to increase in the post-experiment
compared to the pre-experiment (Fig. 4. B). In fact,
8 subjects out of 9 showed the same results.

Other biomarkers

Between the second and fourth days of the
Shikoku Walking Pilgrimage, the fasting serum low-
density lipoprotein LDL cholesterol concentrations
were significantly lower as compared to those of
the pre-experiment and post-experiment (Fig. 4. C).

There was no main effect in relation to the pilgrimage
for the fasting serum HDL cholesterol (Fig. 4 D).

The serum 7y glutamyl transpeptidase (y-GTP)
concentration was significantly lower on the
second day of the Shikoku Walking Pilgrimage in
comparison to those of the pre-experiment and post-
experiment and on the third day in comparison to
that of the post-experiment. Between the second
and fourth days of the pilgrimage, the fasting
cholinesterase concentration was significantly lower
than that in the pre-experiment and post-experiment.
However, these reductions were within normal
range. Main effect was found in serum alanine
aminotransferase (ALT). There was no change in
serum aspartate aminotransferase (AST) and total
bilirubin concentrations.

On the third and fourth days of the pilgrimage, the
serum creatine kinase concentration was significantly
higher in comparison to the pre-experiment. On the
second and third days of the pilgrimage, the fasting
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Table I1. Correlation coefficients between each pair of variables.

TEN [LbL |[NKA [1GG |[GTP [HOD [GLU [BDN |CK |[ADR
TEN |- +0.31 [-0.06 |+0.16 [+0.22 [+0.15 [-024 [-0.19 [-0.15 [+0.26
LDL |- +0.47* | +0.41% | +0.64* | +0.43* [-026 [-0.00 [-035 [+0.15
NKA |- +0.36* | +0.58* | +0.45* [ -0.30 [+0.16 [-025 [+0.04
IGG |- +0.12 [ +0.40* | +0.04 [-0.13 [-0.40% |+0.00
GTP |- - +0.36 |-0.43* |+0.10 [-0.19 [+0.16
HOD |--- — 030 |-0.03 [-0.44* [+0.07
GLU |- — +0.10 | +0.28 [-0.06
BDN |[-- - +0.25 |-0.03
CK |- — -0.21
ADR |- —

TEN: Tension-Anxiety, LDL: LDL-cholesterol, NKA: Natural killer cell activity, IgG: IgG/total protein, GTP: yGTP,
HOD: tHODE/linoleates, GLU: Glucose, BDN: serum BDNF, CK: Creatine kinase, ADR: urine adrenaline, +: positive

correlation, -: negative correlation. *:p<0.01

serum glucose concentration was significantly
higher than in the pre-experiment. Additionally, on
the morning of the third day of the pilgrimage, this
value was significantly higher than that of the post-
experiment. The serum levels of uric acid, blood urea
nitrogen, and amylase were not influenced by the
Shikoku Walking Pilgrimage.

Analysis of the correlations between each marker

Table II shows the Pearson’s correlation
coefficients calculated for each pair of the ten
representative indices for which a main effect was
found in the above results. A significant correlation
was observed between LDL cholesterol, NK
activity, IgG/TP, y-GTP, and tHODE/linoleates
and a comparatively large number of other indices.
In contrast, tension-anxiety, BDNF, and urine
adrenaline did not show significant correlations with
the other indices.

DISCUSSION

In the present study, we investigated the effect of
walking in a 3-day Shikoku Walking Pilgrimage on
mentaland physical healthto determinethe appropriate
biomarkers for the assessment of immunological
properties toward maintaining the human health.
We chose and measured immunological biomarkers
such as NK cell activity, IgG, IgA, IgM, BDNF, and

our original HODE and 7B-OHCh in comparison
with the psychological and physiological indices.
The main factors in considering the impact of the
pilgrimage on the health of the participants seem to
be the exercise from the long-distance walking, the
mental tranquility from worshipping, and a respite
from daily life. There was a significant reduction in
subjective tension-anxiety during the pilgrimage,
serum LDL cholesterol concentrations, tHODE,
and serum y-GTP and morning urine adrenaline
concentrations. Interestingly, the NK cell activity
and IgG/TP concentration tended to increase 1
week after the pilgrimage as compared to the week
preceding the pilgrimage. These results suggest
that the walking pilgrimage reduced oxidative
stress instantly by affecting the mental and physical
health positively and then enhanced immunological
properties later.

The morning tension-anxiety levels on the third
and fourth days were significantly lower when
compared to that before the pilgrimage (Fig. 2 A).
Conversely, there was no increase in subjective
fatigue according to the POMS data (Fig. 2 B). In
addition, neither the flicker perception threshold
nor 7B-OHCh, an indicator of alertness related to
fatigue, was observed to be a main effect of the
pilgrimage (Figs. 2 C and 3 D). We previously
demonstrated that the flicker perception threshold
and the ratio of 78-OHCh to total cholesterol related
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with fatigue induced by overnight deskwork (6).
Accordingly, the Shikoku Walking Pilgrimage did
not induce central fatigue. Acute moderate exercise
has been reported to have an elevating effect on
the positive mood (vigor) and a reducing effect on
the negative mood (tension, anxiety, dejection) of
healthy individuals (13-14). Song et al. reported that
tension-anxiety level score was significantly lower
after walking in the urban park than after walking
in the city area (15). Thus, the reduction in tension-
anxiety obtained in the present study is in agreement
with these previous findings. The mental effects of
worship may have also reduced tension-anxiety.
Indeed, Kawauchi et al. (1) reported that more than
70% of people have the impression that a pilgrimage
confers a feeling of enrichment. Other than physical
exercise and effects on mental condition, additional
factors such as climatological effects and holidays
might reduce the tension-anxiety level.

A typical immunological biomarker NK cell
activity has been reported to increase during long-
duration, relatively high-intensity treadmill running;
however, the activity then decreases to a level far
below that at exercise commencement, requiring 1-7
days to return to normal (16-17). The present study
revealed a transient reduction of NK cell activity
and IgG concentration during the pilgrimage (Figs.
3. A and B). It is reported that the Ig and NK cell
activity response to exercise was due to the state
of the autonomic nervous system rather than to the
change in immunological response (18-19). Thus,
the transient reduction in NK cell activity and serum
IgG concentration in the present study were not
necessarily due to a decline in the immune system.
In the present study, NK cell activity and IgG
concentration during the post-experiment tended to
increase (Fig. 3, A and B). There have been reports
of NK cell activity being enhanced by a mental
healing effect (20).

The relationship between acute exercise and
oxidative stress has been studied recently (21).
Further, we previously reported that the plasma levels
of the lipid oxidation product tHODE increased in
such diseases as Alzheimer’s disease and lifestyle
diseases (22-23). In particular, its increase was
observed in patients with diabetes and early stage
Alzheimer’s disease (23-24). However, the effect
of exercise on plasma tHODE concentrations has

not been reported to date. In the present study,
plasma tHODE concentrations (divided by those of
linoleates) were reduced during the Shikoku Walking
Pilgrimage (Fig. 3 C).

Catecholamine  (adrenaline,  noradrenaline)
concentrations have been reported to increase during
moderate to high-intensity exercise and long-term
exercise, and then return to normal after 1 hour (25-
26). The present study showed a reduction in urine
adrenaline upon concentration waking on the second
day of the pilgrimage (Fig. 4. A). This result cannot
be explained by the physical exercise, suggesting
other causes such as psychological effects.

It has been reported that for healthy individuals
participating in anything more than moderate and
acute exercise over short periods, serum BDNF
increases immediately after exercise and then returns
to its previous level within 30 minutes (27-30). There
has also been a report of BDNF decreasing to below
the resting level 2-3 hours after the completion of
exercise (31). In the present study, it is noteworthy
that the serum BDNF concentration increased 1 week
after completion of the Shikoku Walking Pilgrimage
(Fig. 4 B), suggesting that the changes in the BDNF
concentration may have been due to psychological
or other factors, rather than exercise, in the Shikoku
Walking Pilgrimage.

Morning serum LDL cholesterol concentrations
were significantly reduced on the second to
fourth days compared to those before the Shikoku
Walking Pilgrimage was undertaken (Fig. 4 C).
This is in agreement with the results from the
Spanish pilgrimage study by Bemelmans et al. (2-
3). Moreover, LDL cholesterol has been reported
to be reduced by an acute, long-duration exercise
of over 3 hours (32-33). Accordingly, the observed
reduction in LDL cholesterol concentrations during
the Shikoku Walking Pilgrimage was due to the
long-duration nature of the exercise.

Acute reduction of oxidative stress shown
in tHODE/linoleates may lead to enhancement
of immunological properties one week after the
walking pilgrimage. The tHODE/linoleates can be
an appropriate measure for assessing immunological
properties.

This study is a preliminary evaluation of the
Shikoku Pilgrimage to identify proper immunological
biomarkers. Although the present study was limited in
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number and period, we comprehensively investigated
various types of biomarkers. The findings suggest
that the Shikoku Walking Pilgrimage can exert a
reductive effect of tension-anxiety and a positive
effect on physical health (as particularly shown
in the reduction of oxidative stress) without the
accompaniment of fatigue (as shown in POMS and
7B-OHCh). Furthermore, this study provided several
promising measures including tHODE/linoleates,
NK activity, BDNF, LDL-c, and IgG for clarifying
immunological properties. It is valuable to examine
these promising biomarkers in the future large-scale
study.
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Trimetazidine is widely used in the treatment of stable coronary artery disease (CAD) and its
cytoprotective effect has been confirmed in animal studies and in many clinical trials. Given the
inflammatory milieu of CAD and trimetazidine effect on the inflow of neutrophilis to the ischemic area,
it is interesting to consider whether trimetazidine actions could be also explained through the inhibition
of inflammatory mediators, including cytokines. The aim of this study was to (i) examine the influence
of treadmill exercise test (TET) on serum C-reactive protein (CRP) and interleukin-6 (IL-6), and (ii) the
influence of three-month trimetazidine therapy on serum CRP and IL-6 concentrations. One hundred
and fifty-six patients with stable CAD were included. TET was performed (according to the standard
Bruce protocol) twice for all subjects — at baseline and after the three-month trimetazidine treatment.
Serum IL-6 and CRP concentrations were determined prior to and after performing each TET. Exercise
led to the increase of CRP (2.35 vs 2.81 mg/L, p<0.05) and IL-6 concentrations (1.64 vs 1.92 pg/ml,
p=0.0318) in patients without trimetazidine. Three-month treatment resulted in the increase in the
TET duration (378.0s vs 410.9s, p<0.05) and decrease in serum CRP concentration, both before (2.35
vs 1.51 mg/L, p<0.05) and after TET (2.81 vs 1.69 mg/L, p<0.05). There was no significant increase of
CREP after the second TET (1.51 vs 1.69 mg/l, p=NS). Three-month trimetazidine treatment increased
IL-6 concentrations (1.64 vs 2.23 pg/mL, p<0.05). TET was not associated with further changes in IL-6
concentrations (2.23 vs 2.18 pg/mL, p=NS). Serum IL-6 and CRP concentrations increase during exercise
in patients without trimetazidine. Three-month trimetazidine prolonged the duration of TET. Moreover,
it resulted in the reduction of CRP concentration The increase of IL-6 concentration after three-month
trimetazidine treatment and the lack of changes of its concentration after TET is associated with yet
another mechanism of trimetazidine.

Currently, a greater role is assigned to the development of atherosclerosis.  Endothelial
significance of the inflammatory process in the damage leads to the activation of inflammatory
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processes, the formation of atherosclerotic plaque,
and subsequently to arterial stenosis. Clinically, all
of these processes result in symptoms produced by
myocardial ischemia (1-4).

It has been proposed that etiopathology of
stable CAD and acute coronary syndromes differ
substantially. In stable CAD, the symptoms are
produced by the progression of atherosclerotic
plaque (increasing arterial stenosis), thus decreasing
the coronary blood flow and oxygen supply.
Conversely, acute coronary syndromes are caused
by the formation of thrombus upon a ruptured
atherosclerotic plaque which often does not cause a
significant coronary artery stenosis.

Inflammation is said to be at the core of
endothelial activation. Also other factors (immune
reactions, infections) can trigger the inflammatory
process within coronary artery walls leading to the
formation of atherosclerosis and producing clinical
symptoms.

Thrombus formationuponrupturedatherosclerotic
plaque is the cornerstone of acute coronary
syndromes. Albeit, other important contributors are
involved in that process. Inflammatory markers seem
to make a major contribution (5, 6).

Particular attention should be given to the
potential IL-6 modifying action of the atherosclerotic
plaque. It is a cytokine produced by activated smooth
muscle cells, coronary vessels, endothelium and
macrophages and lymphocytes. Its pivotal role in
the pathogenesis of CAD has also been reported. It
acts as a substance participating in the acute phase
response (systemic effect) and as a factor produced
by the majority of cell types within the atherosclerotic
plaque (local effect). High IL-6 concentrations
have been implicated with an increased risk of
cardiovascular adverse events.

In patients with acute coronary syndromes
(unstable angina or myocardial infarction alike),
serum IL-6 concentrations are elevated. IL-6 was
found to be in high concentrations within unstable
atherosclerotic plaques, in comparison to stable
plaques. Hence, IL-6 is assumed as a possible
marker of plaque instability.

The acute phase response is a non-specific
reaction of the organism to every disturbance of
homeostasis triggered by various factors. It varies
widely from activation of the complement system,

escalation of chemotaxis, increased secretion of
factors destabilizing the atherosclerotic plaque, to
the reduction of the bioavailability of endothelial
nitric oxide synthases, all of which are responsible
for the changes within the plaque (7-10).

Recent evidence suggests that a strong association
between cytokines and cardiovascular disease exists.
It has been demonstrated that they play a pivotal
role in the pathogenesis of atherosclerosis, stable
CAD, acute coronary syndromes, remodeling, and
angiogenesis.

Numerous data on the role of CRP as the
marker of CAD have been presented. It has been
shown that high CRP concentrations — especially
highly sensitive CRP — predict incident myocardial
infarctions, both in patients with stable CAD
and acute coronary syndromes (9-11). Moreover,
inflammatory activation and atherosclerotic plaque
rupture is responsible for increased circulating
cytokine levels at an early stage. The extension of
the disease is associated with the impairment of
coronary circulation and inflammatory actions.

When talking about myocardial ischemia, it is
important to note that there are cardioprotective
mechanisms that counteract myocardial injury.
Various cytokines with anti-inflammatory properties
take part in that process (12, 13). A considerable
amount of literature has been published on the
cardioprotective actions of various pharmacologic
agents. In that aspect, trimetazidine is one of the
most widely used groups of anti-ischemic agents.
It is the only anti-ischemic metabolic modulator
recommended by the European Society of Cardiology
in the management of stable CAD (14).

The cytoprotective actions of trimetazidine
have been reported in animal studies and in many
clinical trials. Its anti-ischemic properties have been
demonstrated in clinical trials, both in monotherapy,
compared to other anti-anginal agents, and in addition
to B-blockers and calcium channel antagonists (15,
16).

Given the inflammatory milieu of CAD and
trimetazidine effect on the inflow of neutrophilis to
the ischemic area, it is interesting to consider whether
trimetazidine actions could be also explained through
the inhibition of inflammatory mediators, including
cytokines secreted by peripheral blood cells and
endothelial cells.
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The effect of trimetazidine on cytokine synthesis
and secretion has not yet been established. No
previous study has investigated this subject which is
pivotal, given the fact that trimetazidine is used in
patients with stable CAD. The aim of this research
project has therefore been to try and establish the
cardioprotective properties of trimetazidine through
the modulation of cytokine release. This paper
will examine: 1) the influence of treadmill exercise
test (TET) on serum C-reactive protein (CRP) and
interleukin-6 (IL-6) in patients with stable CAD; and
ii) the influence of three-month trimetazidine therapy
on serum CRP and IL-6 concentrations before and
after TET.

MATERIALS AND METHODS

One hundred and fifty-six patients aged 47-65 years
were enrolled in the study: 51 women and 105 men. One
hundred and forty patients were included in the final
analysis. The remaining patients were excluded from the
study because of acute infections (12 patients), surgical
treatment during follow-up (2 patients) and lack of informed
consent (2 patients). One hundred and thirty-eight patients
had hypertension. All patients received acetylsalicylic
acid, 135 (96%) patients received B-blockers, 134 patients
(95%) received angiotensin converting enzyme inhibitors,
84 patients (60%) received sustained-release nitrates, 60
patients (43%) received calcium channel antagonists, and
39 patients (28%) received diuretics.

Inclusion criteria were: age 40—65 years, prior CAD,
rest electrocardiogram without ischemic changes, absence
of moderate/severe angina — Canadian Cardiovascular
Society functional class 1 or 2.

Exclusion criteriawere: acute coronary syndromes, very
positive result of the TET, history of stroke (ischemic and
hemorrhagic) within 12 months prior to the study, unsteady
body weight (>10kg gain/loss within 6 months prior to
the study), other comorbidities including autoimmune
disease, metabolic disease (diabetes, hyperthyroidism and
hypothyroidism), liver disease (viral hepatitis, congestive
jaundice) acute infectious disease, chronic inflammatory
conditions (i.e., AIDS, tuberculosis, colitis ulcerosa),
chronic kidney disease (eGFR <60 mL/kg per 1.73 m2),
severe congestive heart failure (functional NYHA class 3
and 4), neoplasms, mental disorders, addictions: tobacco
and drugs, treatment with glucocorticoids, androgens,
non-steroidal anti-inflammatory drugs (within a month
prior to the study), lack of informed consent.

The study was approved by the local Bioethics
Committee. All subjects were informed of the study design

and gave their written consent.

Peripheral blood samples were obtained at the
following time points:

i. prior to performing the initial TET,

ii. after performing the initial TET,

iii. before the follow-up TET performed three months
after trimetazidine therapy,

iv. after the follow-up TET performed three months
after trimetazidine therapy.

Methods

Serum IL-6 and CRP concentrations were evaluated
for all patients. IL-6 concentration was determined with
enzyme immunoassay test (ELISA) using R&D Systems
kits (USA). CRP concentration was determined with
latex immunoturbidimetric test using the BIO-BAS Kkits.
Blood samples were drawn from the cubital vein. Prior
to the study, the subjects were not administered drugs
described in inclusion and exclusion criteria. All tests
were performed concurrently in duplicates in order to
avoid interkit variability.

IL-6 concentration was determined with enzyme
immunoassay test (ELISA) using R&D Systems kits
(USA): sensitivity of the method < 0.039 pg/mL, the
within-run variation at 7.8% and between-run variation
at 9.6%. CRP concentration was determined with latex
immunoturbidimetric test using the BIO - BAS kits, the
sensitivity of the method < 4.2 mg/L, the within-run
variation at 6.52% and between-run variation at 7.7%.

Statistical analysis

The statistical analysis was carried out using StatSoft
STATISTICA 6.0 software. Quantitative data are presented
as means + standard deviations or medians and interquartile
ranges (lower and upper quartiles). Qualitative data are
presented as frequencies. The Shapiro-Wilk test was used
to determine whether a random sample was normally-
distributed. Unpaired #-test (for normal distributions)
or Mann-Whitney U test (for distributions other than
normal) were used to detect intergroup differences. Paired
t test (for normal distributions) or Wilcoxon signed-rank
test (for distributions other than normal) were used to
detect differences between baseline and follow-up values.
A value of two-tailed P < 0.05 was considered significant.

RESULTS

Fig. 1 presents mean time of the TET duration
described in reference to sex and trimetazidine
treatment.

Significant extension of TET duration was
observed after the three-month trimetazidine
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treatment in men with stable CAD (447.1+37.7s vs
497.34£37.2s p<0.05). No extension of TET duration
was observed after the three-month trimetazidine
treatment in women with stable CAD (274.4+27 .4s
vs 281.0+£32.9s p = 0.45) (Table I).

Fig. 2 presents a mean of the number of METs
obtained during TET depending on the patient sex
and trimetazidine treatment status.

A significant increase in the number of METs was
observed after three-month trimetazidine treatment
in men with stable CAD (8.3+£0.55 vs 9.24+0.58
p<0.05). No increase in the number of METs was
observed after three-month trimetazidine treatment

P<0.05

in women with stable CAD (5.9£0.33 vs 6.0+=0.38
p=NS) (Table II).

Fig. 3 presents IL-6 concentration changes
before and after the TET depending on trimetazidine
treatment.

Baseline IL—6 concentration before the TET
significantly increased after the TET (1.64+0.12
pg/mL vs 1.92+0.17 pg/mL p<0.05). After three-
month trimetazidine treatment IL-6 concentrations
before the second TET were higher (2.23+0.20 pg/
ml p= 0.013). The concentration did not change
significantly after the TET (2.18+0.2371 pg/mL
p=NS) (Table III).

P<0.05

P<0.05
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Fig. 1. Time of duration of treadmill exercise test (TET) before and after trimetazidine treatment.

Table 1. Duration (in seconds) of treadmill exercise test by sex.

Baseline Follow-up
before trimetazidine treatment after three-month trimetazidine treatment
All Women Men All Women Men
Mean 378.0 2744 4471 410.9 281.3 4973
Median 370.0 277.5 442 .5 411.0 2575 515.0
Standard deviation 140.0 77.4 130.5 156.8 932 128.7
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Fig. 2. Number of metabolic equivalent of task obtained before and after trimetazidine treatment.

Table II. Number of metabolic equivalent of task (METS) obtained during treadmill exercise depending on sex and
trimetazidine treatment status.

Baseline Follow-up
before trimetazidine treatment after three-month trimetazidine treatment
All Women Men All Women Men
Mean 7.3 5.9 8.3 79 6.0 92
Median 7.1 5.9 8.2 7.7 5.7 93
Standard deviation 1.99 0.95 1.91 2.30 1.07 1.99

MET - metabolic equivalent of task

Fig. 4 and Table IV present the effect of
trimetazidine therapy on the concentration of CRP
before and after TET. Baseline CRP concentration
before the TET were significantly increased after the
TET (2.35+£0.40 mg/L vs 2.81+0.48 mg/L p<0.05).
After three-month trimetazidine treatment CRP
concentrations before the second TET were lower
(1.51£0.22 mg/L p<0.05). The concentration did not
change significantly after the TET (1.69+0.31 mg/L
p=NS).

DISCUSSION

CAD, in most cases, is caused by the progression

of atherosclerotic plaque which leads to coronary
artery stenosis (1-4). Atherosclerosis is a chronic
inflammatory response within the artery wall (17).
In the process of its development the crucial role is
triggered by factors inducing vascular endothelial
damage. These factors include, among others:
cholesterol, arterial hypertension, infections,
metabolic disorders (namely diabetes), and tobacco
use (17, 18). The key element of the inflammatory
process is the modification of the proteins and
lipid components of the LDL lipoprotein, namely
their oxidation, proteolysis, and glycosylation (19).
Activated endothelial cells, through the production
of specific proteins and chemotactic agents lead to
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Fig. 3. Interleukin-6 (IL-6) concentrations in the studied groups. TET - treadmill exercise test.

Table I11. /L-6 concentrations (pg/ml) before and after treadmill exercise test (TET) depending on trimetazidine treatment

status.

Baseline Follow-up
1L-6 before trimetazidine treatment after three-month trimetazidine treatment
Before TET After TET Before TET After TET
Mean 1.64 1.92 2:23 2.18
Median 1.5 2.0 2.1 2.0
Standard deviation 0.54 0.76 0.93 1.06
TET — treadmill exercise test, IL-6 — interleukin-6

the accumulation of monocytes in the intima which
are next converted into macrophages (17, 20).
Macrophages are the source of chemokins, cytokines,
growth factors and proteolytic enzymes. Their
permanent stimulation, constituting the foundation
of atherosclerotic process, is also the essence of the
inflammatory reaction of the vascular endothelium.
When the plaque ruptures the tissue factor
induced by the inflammatory signaling triggers the
thrombus that causes most acute complications
of atherosclerosis. An increased inflammatory
process in surrounding tissues is responsible for the
destabilization of the plaque. IL-1 and IL-6 stimulate
the synthesis of the intercellular matrix and adhesion
molecules which increase the permeability of the

endothelium and enhance its procoagulant activity
20n).

In light of the aforementioned information, many
authors have set out to measure the concentration
of various cytokines in different clinical settings
(from stable CAD, unstable angina, to myocardial
infarction), hoping it will facilitate noninvasive
diagnosis of CAD.

IL-6 is a multipotential cytokine. Apart from
mechanisms described earlier, it also stimulates
the transcription of CRP gene in the liver and the
production of serum amyloid A protein (SAA) in
the liver. Thus, it promotes SAA embedding into the
serum HDL-cholesterol particles. This, in turn, results
in HDL-cholesterol molecules acquiring new, pro-
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Fig. 4. C-reactive protein concentrations in the studied group. TET - treadmill exercise test.

Table IV. CRP concentrations (mg/l) before and after treadmill exercise test (TET) depending on trimetazidine treatment

status.

Baseline Follow-up
before trimetazidine treatment after three-month trimetazidine treatmer
Before TET After TET Before TET After TET
Mean 2.35 2.81 1.51 1.69
Median 1.9 2,2 1.4 1.4
Standard deviation 1.82 2.01 0.99 1.44

TET — treadmill exercise test, CRP — C-reactive protein

inflammatory properties. Rus et al. and van Leten et
al. demonstrated that elevated IL-6 concentrations in
patients with stable CAD are associated with the risk
of clinical symptom progression and exacerbation
(18, 22).

Mazurow et al. assessed the concentration
of interleukins both in serum and in the wall
of the atherosclerotic lesions. Increased serum
concentrations of IL-1 B, IL-2, IL-6, IL-8, and
TNFa were observed in comparison to the control
group (healthy volunteers). Concentration of the
studied cytokines within atherosclerotic lesion
was heterogeneous. IL-2 mRNA expression was
significantly higher in the aorta, whereas IL-1B and
IL-6 mRNA expression was increased in peripheral

arteries (19, 23).

Lee et al. assessed the concentration of
inflammatory markers in patients with different
types of CAD (stable CAD, unstable angina) in
comparison to healthy volunteers. Elevated CRP
concentrations were found in patients with unstable
angina. Moreover, it was identified as a prognostic
marker for incident cardiovascular adverse events
during six-month follow-up (21). Similarly, Lubrano
et al. showed that IL-6 and CRP concentrations
were higher in patients with unstable angina in
comparison to healthy volunteers (24). Moreover,
cut-off levels for IL-6 and high-sensitivity CRP were
established. This will enable better risk stratification
of CAD patients (25). Bossowska et al. reported
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similar results in regard to 1L-6, IL-6R, and IL-10
concentrations (23).

The increase of the concentrations of IL-6 and
other cytokines secreted by activated monocytes was
shown in many studies concerning unstable angina
(12, 13) and silent myocardial ischemia (14, 26).
Similarly, it was demonstrated that IL-6 and CRP
increase significantly in patients with stable CAD
after TET. Among cytokines for which the link was
established, the strongest was identified for IL-6.

Trimetazidine shares versatile properties. These
include, among others, optimization of energy
processes, limitation of intracellular acidosis
and cellular overload with calcium and sodium,
upholding the ATP synthesis, as well as protection cell
membrane from damage by free radicals. It diminishes
cellular apoptosis and improves the function of the
endothelium. Potential anti-inflammatory action,
however, is most probably demonstrated by the
reduction of cellular damage induced by reactive
forms of oxygen and the inhibition of myocardial
fibrosis and the inflammatory process (12-14). Its
potential therapeutic values have been described
in numerous studies. A significant benefit from
trimetazidine use in reference to the inflammatory
process assessed with the concentration of CRP in
plasma was shown (14, 27).

Our paper examined the significance of the
possible anti-inflammatory action of trimetazidine
by assessing serum CRP and IL-6 concentrations
before and after TET in patients with stable CAD.
Anti-inflammatory trimetazidine properties were
also reported by Ruixing et al. (6) and Di Napoli
et al (7). These studies indicated its potential anti-
inflammatory properties by regulating the apoptosis
and improving the function of endothelium.
Williams et al. also reported a significant limitation
of leukocyte infiltration in the area of ischemia.
Additionally, the concentration of pro-inflammatory
cytokines did not change (12). Also other authors
demonstrated similar observations, showing a
significant reduction of neutrophil accumulation in
the area of the ischemia (13).

Pudiletal. also examined the effectoftrimetazidine
on the concentration of pro-inflammatory cytokines
in patients following myocardial infarction treated
with intravenous trimetazidine. A significant CRP
reduction was observed, while the IL-6 concentration

increased. Concentration of other cytokines (IL-8,
TNFa) was similar to the control group (28).

Our results agree with those of Pudil et al. (28).
Three-month trimetazidine treatment resulted in
lower CRP concentration before the follow-up
TET compared to baseline CRP before the initial
TET. Moreover, follow-up TET did not affect
CRP concentrations. However, the results obtained
differ from those published by Zhang et al., who
did not confirm the effect of trimetazidine hsCRP
concentration (14). This discrepancy might arise
from the difference in the sensitivity of the assays
used to measure CRP. Perhaps it also comes from
the fact that the cited paper is a meta-analysis, rather
than the description of a single study.

We examined whether TET has any effect on serum
CRP and IL-6 concentrations in patients with stable
CAD. Furthermore, we sought to determine whether
three-month trimetazidine treatment influences the
change in IL-6 and CRP concentrations.

We found that IL-6 concentration after
three-month trimetazidine treatment increased
significantly in comparison to baseline values and
did not change after follow-up TET. However, at
baseline before trimetazidine addition, TET resulted
in a substantial increase of IL-6 concentration.
Hence, it seems that trimetazidine has a protective
action against IL-6 elevation during the following
exercise. It is difficult to explain the increase of IL-6
with simultaneous CRP decline observed after three-
month trimetazidine treatment. Perhaps it results
from the IL-6 dual nature, which can share both pro-
inflammatory and anti-inflammatory properties in
different concentrations.

All cytokines have numerous pleiotropic effects
in a network of very complicated interdependence,
and it cannot be ruled out that the observed
increase in IL-6 concentration is a summary effect
of trimetazidine effect on specific inflammatory
markers.

Most recently, Yenicerioglu et al. presented even
more data pointing to anti-inflammatory actions
of trimetazidine (29). They observed a significant
decrease of TNFa, IL-6 and IL-1p concentrations
in patients with acute pancreatitis induced by
L-arginine.

The following conclusions can be drawn from
the conducted study: a prolongation of TET duration
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can be achieved with a three-month trimetazidine
treatment (increase in the number of METs); without
trimetazidine therapy, serum concentrations of
inflammatory markers, IL-6 and CRP in patients
with stable CAD increase during TET; a three-month
trimetazidine treatment causes reduction of CRP
concentration, showing anti-inflammatory potential
and hepatoprotective action. Observed increase
in the IL-6 concentration after three months of
trimetazidine treatment and the lack of changes in its
concentration after the TET is connected to another
mechanism of trimetazidine which still needs to be
explained.

In summary, the results of the current study
indicate the beneficial effect of trimetazidine on
clinical manifestation of the disease in patients
with stable CAD. Trimetazidine-treated patients
demonstrated a significant improvement in the TET
tolerance. When duration of TET was prolonged an
increase in the number of METs was observed.

The anti-inflammatory effects of trimetazidine,
per se, has long been reported. However, for the
first time, to our knowledge, we present novel
findings regarding the effect of trimetazidine on IL-
6. Following a three-month trimetazidine treatment,
reduction of CRP concentration might suggest its
anti-inflammatory action. Notwithstanding, these
results must be interpreted with caution. Perhaps,
this is the way that anti-inflammatory IL-6 properties
come to light. It is also important to note the lack of
increase of IL-6 concentration after TET following
trimetazidine treatment. Numerous mechanisms are
possible, although the underlying ones are probably
cardio- and cytoprotective properties.
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METHYL MERCAPTAN AND HYDROGEN SULFIDE PRODUCTS STIMULATE
PROINFLAMMATORY CYTOKINES IN PATIENTS WITH NECROTIC PULP TISSUE
AND ENDODONTICALLY TREATED TEETH
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Bacterial infections of the residual dentin or infected pulp tissue are responsible for most cases
of endodontic treatment failures. Persisting microorganisms in necrotic pulp tissue produce sulphur
components such as methyl mercaptan and hydrogen sulfide as well as thioether derivatives. Although
there is emerging evidence that these sulphur compounds stimulate immune cells and induce the
inflammatory cascade, the immunological mechanisms of local and systemic inflammation have not been
described. In this retrospective study we evaluated the ex-vivo immune response of peripheral blood
mononuclear cells to sulphur compounds in 53 patients with clinical or radiologic endodontic treatment
failure, 20 patients with clinical discomfort or radiological findings without previous endodontic
treatment and a control group of 31 patients who had received successful endodontic treatment at least
five years previously. Patients with endodontic abnormalities showed significantly higher ex-vivo sulphur
compound-stimulated interferon-gamma (IFN-y) and interleukin-10 (IL-10) levels as compared to the
control group. The association between ex-vivo-stimulated cytokines and endodontically derived sulphur
compounds was further substantiated by the fact that the number of IFN-y and/or IL-10-positive patients
decreased significantly 3-8 months after re-treatment of the root canal or tooth extraction. Furthermore,
serum tumor necrosis factor-alpha (TNF-0) levels were higher in patients than in controls, and at the
same time, the TNFA -308 G/A polymorphism was associated with endodontic treatment failure in our
study population. We conclude that a cellular immune response to sulphur compounds contributes to
the inflammatory process observed in relation to endodontic treatment failures.

According to recent studies, state-of-the-art
endodontic treatments are successful in up to 90% of
cases. In cases of recurrent inflammation revisions
by endodontic specialists can achieve success rates
of about 80%, which is significantly better than
the success rates of dentists without respective
specialization (1). Despite these achievements, even

today 12% of patients suffer from persisting low-
to-moderate grade adverse effects post-endodontic
surgery, despite adherence to the approved protocol
(2). The re-treatment success rate for primarily
unfound and untreated canals is approximately 80%
(3, 4). A recently published meta-analysis comparing
the literature published between 1922 and 2002
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yielded an average success rate of 75% for re-treated
root canals with apical periodontitis (5). According
to the statements of the German Society of Dental,
Oral and Craniomandibular Sciences (DGZMK)
and the German Society for Conservative Medicine
(DGZ), the available data, however sparse, support a
full recovery rate of 90% within 3 to 4 years. At the
same time, the frequency of post-endodontic apical
periodontitis may have been underestimated due to
inadequate radiological imaging (6).

It is generally accepted that persisting bacterial
infections in dentin or pulp tissue account for most
cases of treatment failure (7). Complete elimination
of’bacterial infections is limited by currently available
techniques, and persisting microorganisms located
in necrotic pulp tissue produce a wide range of
metabolites. Sulphur compounds, including methyl
mercaptan and hydrogen sulfide as well as thioether
derivatives, such as dimethyl sulfide and diethyl
sulfide, are metabolic products mainly generated by
anaerobic bacteria through desulfuration of cysteine-
rich glutathione, L-methionine and L-methionyl-
containing peptides. The main producers of hydrogen
sulfide products are Porphyromonas gingivalis,
Prevotella intermedia, Fusobacterium nucleatum,
Treponema denticola and Veillonella alcalescens.
Methyl mercaptan is predominantly produced
by Porphyromonas gingivalis, Porphyromonas
intermedia and Fusobacterium nucleatum (8).

Sulfate-reducing bacteria are etiologically
involved in destructive periodontal diseases and
promote disease progression (9). Sulfide compounds
are detectable in gingival fluid of periodontal
pockets (8). It has been described that these sulphur
compounds can exert toxic effects with the central
nervous system as primary target. Hydrogen sulfide
can severely alter the neural architecture and growth
characteristics, as shown for Purkinje cells (10). In
the oral cavity hydrogen sulfide damages epithelial
cells and increases mucosal permeability (11).
Methyl mercaptan decreases collagen synthesis
by human fibroblasts inhibiting cell migration to
periodontal ligament cells, potentially contributing
to the pathogenesis of periodontal disease (12).

Sulphur compounds can also exert activating or
modulating effects on immune cells, contributing to
inflammatory tissue degradation. Methyl mercaptan
has been shown to promote the production of

interleukin 1 (IL-1) by human mononuclear cells.
Similarly, the production of interleukin 6 (IL-
6) stimulated by lipopolysaccharides (LPS) is
increased in the presence of methyl mercaptan
(13). Furthermore, methyl mercaptan alone or in
combination with IL-1 or LPS, can significantly
enhance the secretion of PGE2 and cAMP, which are
required forthe synthesis of matrix metalloproteinases
and other procollagenases in human gingival
fibroblasts and polymorphonuclear leucocytes
(14). These effects may promote production of
collagenase and subsequent tissue destruction in
human periodontal disease. Methyl mercaptan also
enhances the activity of aspartate protease cathepsin
B in gingival infiltrated leucocytes, increasing the
rate of collagen degradation (14).

The majority of data on sulphur compounds
in tissue degradation have been derived from
studies on periodontal diseases. Conversely, a
putative role of methyl mercaptan and thioethers
in necrotic pulp tissue and chronic pulpitis has
not been substantiated, even if several studies
have shown that anaerobic bacteria in the root
canal are the predominant cause for endodontic
treatment failures. Lin and coll. demonstrated the
presence of stainable bacteria in root canals in 69%
of patients suffering from endodontic treatment
failures. Furthermore, the severity of periradicular
inflammation correlates to presence of bacteria in
the root canal (15). Non-vital teeth are less resistant
to bacterial invasion into dentinal tubules than vital
teeth (16). Anaerobes most frequently isolated from
primarily and secondarily infected root canals are
sulfate-reducing bacteria similar to those found
in periodontal disease, including Porphyromonas
gingivalis and Fusobacterium nucleatum, the main
producers of methyl mercaptan, dimethylsulfide und
diethylsulfide (17). Notwithstanding this evidence,
apical periodontitis can reportedly affect even
radiologically impeccable endodontic treatments
without correlation to any residual microbiological
load. This observation suggests a contribution of host
factors, such as a generally increased inflammatory
predisposition or individual differences in the
immune response to vital bacteria, persisting
bacterial antigens or sulphur compounds.

The aims of this retrospective study were
firstly to investigate the relation of the ex-vivo
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immune response to sulphur compounds to clinical
and radiologic findings, and secondly to identify
predisposing factors for endodontic treatment failure.
Data were obtained from a group of patients with
clinical or radiologic endodontic treatment failure
and from a control group of individuals who had
received successful endodontic treatment more than
five years previously, as defined by sufficiently filled
canals and the absence of radiologic abnormalities or
clinical symptoms.

MATERIALS AND METHODS

Study population

One hundred and four patients presenting only one
single- or multi-rooted avital tooth in the upper or lower
jaw were examined in a dental practice with endodontic
specialization between March 2010 and October 2012.
Patients with periodontitis or several affected teeth were
excluded. All patients received dental treatments and
laboratory diagnostics in the course of routine medical
care. For retrospective evaluation of the data, patients
were grouped into a patient group (n=73) and a control
group (n=31) based on presence or absence of clinical
symptoms and radiological findings, respectively. 20 out
of 73 patients showed clinical discomfort or radiological
findings without previous endodontic treatment measures.
Fifty-three out of 73 patients had undergone previous
endodontic treatment that proved to be insufficient by
radiological imaging (inhomogeneous filling, fully or
partially unfilled root canals) or had developed apical
periodontitis. Scoring of clinical symptoms was based on
the sensitivity to percussion or occlusal load, local pain
or signs of periodontal inflammation such as mucosal
redness and swelling. Anamnestic data were collected
at the first consultation for pain sensation or at the time
of endodontic treatment. Available imaging data (dental
x-ray, panoramic x-ray, 3D —cone beam) were taken into
consideration.

The control group of 31 symptom-free patients had
undergone successful endodontic treatment of one tooth
at least 5 years previously (>5 - 24 years). By means of
radiological imaging the treated teeth showed sufficiently
filled root canals and an intact periodontal space.

According to the Declaration of Helsinki, all patients
gave written informed consent for the scientific evaluation
of their data. The local IRB waived the demand of an
approval as all diagnostic tests and treatment protocols
were part of routine care.

Dental treatment and laboratory diagnostics
Out of 73 patients, 45 and 28 patients underwent

re-treatment of the existing root canal filling and tooth
extraction, respectively. Tooth extraction was performed
in the presence of severe endodontic and/or periodontal
lesions, inadequate removal of filling material and
unfeasible tooth restoration.

Routine laboratory diagnostics were conducted for
the entire study population and comprised genotyping of
IL1A,IL1B, IL1RN and TNFA genes, ex-vivo lymphocyte
stimulation assays in the presence of sulphur compounds
and the determination of TNF-a, IP-10 and MBL levels
in serum. Except for genotyping, all diagnostic tests were
performed when the patient presented to the dentist for
the first time and 3-8 months after initial treatment when
follow-up samples were taken.

Revision

Upon generation of an access cavity using rubber dam
and microscopic imaging (Kaps Typ SOM 32, Asslar),
probing and preparation of the coronal third of the canal
was performed, as well as probing of the glide path and
preparation of canals up to the apical constriction to
minimum ISO 30. Endometrical length measurement was
controlled using an electronical apexfinder (ROOT-ZX,
J. Morita Corporation, Tokyo, Japan The rinse protocol
comprised of 5% sodium hypochlorite, EDTA-solution
and Chlorhexidin. Irrigation was performed using
ultrasonic procedure (30 THz). Shaping and cleaning
of the root canal were finalized by applying Ca(OH)2
and a bacteria tight seal using cement or composite.
After 1-2 weeks, obturation was carried out by vertical
condensation of gutta-percha cones (Roeko-Coltene/
Whaledent, Switzerland) sealed with AH plus (Dentsply
DeTrey, Konstanz, Germany). In case of immunological
sensitizations, standard materials were replaced by
individually tolerated alternative materials such as
Epiphany (Pentron Clinical Technologies, Wallingford
USA) and MTA (Dentsply DeTrey, Konstanz, Germany).
A bacteria tight composite filling was applied to prevent
microbial recontamination. Treatment outcome was
controlled by dental X-ray or 3D-cone beam.

Extraction

All tooth extractions were performed under local
anesthesia. To minimize the risk of contamination,
alveoles were gently reamed out by a surgical ball cutter
and irrigation was performed by sterile sodium chloride-
solution to facilitate uncontaminated bone regeneration.
Extraction sites were never stabilized by augmentation.

Genotyping

For genetic analyses, genomic DNA was extracted
from 2 ml EDTA-whole blood using the QIAamp DNA
Mini Kit (Qiagen, Hilden, Germany). Genotyping of
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polymorphisms rs1800587 (IL1A), rs1143634 (IL1B)
and rs419598 (ILIRN) was performed by multiplex
PCR and subsequent reverse hybridization, according
to the manufacturer’s protocol (GenoType IL-1; VER
1.0, HAIN Lifescience, Nehren, Germany). Genotyping
of rs1800629 (TNFA) was carried out by real-time PCR
and melting curve analysis using a Light Cycler 1.5
(Roche Diagnostics, Mannheim, Germany) as published
elsewhere (18).

Cytokine analyses

Serum samples were obtained by centrifugation of
coagulated whole blood and stored at -80°C for further
analysis. Cytokine concentrations were determined by
commercially available enzyme-linked immunosorbent
assays (ELISA), including TNF-a Immulite (DPC
Biermann, Bad Nauheim, Germany), IP-10 (MERCK/
Millipore, Darmstadt, Germany)and MBL (AntibodyShop,
Gentofte, Denmark). Analyses were performed according
to the manufacturer’s instructions. The MBL assay detects
functional MBL oligomers, excluding the measurement of
inactive MBL monomers.

Sulphur compound ex-vivo stimulation assay

Peripheral blood mononuclear cells (PBMC) were
isolated from 10 ml venous heparinized whole blood
by Ficoll-Paque (Pharmacia, Uppsala, Sweden) density
gradient centrifugation. PBMC were resuspended in RPMI
1640 (Biochrom KH, Berlin, Germany), supplemented
with 2 mM L-glutamine (Sigma) and 10% heat-inactivated
autologous serum. PBMC at the concentration of 1 x 10°
/ ml were seeded in flat-bottom 24-well microtiter plates
(Nunclon, Wiesbaden, Germany) and stimulated with
500 ng/ml methanethiol (CH3SH, methyl mercaptan,
Sigma, Germany) and dimethyl sulphide each (CH3SCH3,
Dimethylthioether, Sigma, Germany). For comparison to
baseline cytokine levels, PBMCs cultured in the absence of
sulphur compounds served as control. Cells were cultured in
a humidified incubator with 5% CO2 at 37°C for 24 hours.
After collection of cell supernatants by centrifugation,
secreted IFN-y and IL-10 were determined using Human
Cytokine Panel I (MPXHCYTO-60K; Merck, Darmstadt,
Germany), according to the manufacturer’s instructions.
The Luminex® 200™ with xPonent® Software (Luminex,
Austin, USA) was used for detection. Final IFN-y and
IL-10 values were obtained by subtracting unstimulated
control values from sulphur compound stimulated values.
In addition, Trypan blue staining was performed to confirm
that applied doses of sulphur compounds were not cytotoxic
after 24-h stimulation.

Statistics
The Chi-squared test was used to compare anamnestic

and clinical parameters, as well as genotype frequencies
between patient and control groups. Patients’ ages, ex-vivo
stimulation test results and cytokine levels were analyzed
by Mann Whitney U-Test. Comparison of positive or
negative scores of the ex vivo stimulation test was done by
Chi- squared test. A positive score was defined as [FN-y >
0.3 IU/ml or IL-10 >10 pg/ml (upon subtraction of basal
values). P-values <0.05 were considered as statistically
significant. Outcomes of primary and follow-up testings
were compared by Mc-Nemar test. Statistical analyses
were performed using IBM SSP Statistics, version 19.

RESULTS

Endodontic abnormalities were associated with
IFN-y and IL-10 stimulation by sulphur compounds

In order to assess potential differences in the
immune responses to sulphur compounds in patient
and control groups, the production of cytokines in
isolated PBMC was analyzed after 24 h stimulation
with and without sulphur compounds. Whereas IFN-y
served as marker for TH1 based immune responses,
IL-10 was used to detect TH2 responses. PBMCs in
the patient group produced significantly higher levels
of IFN-y and IL-10 after stimulation with sulphur
compounds as compared to control group (IFN-y 1.53
IU/ml vs 0.1 IU/ml, p<0.0001; IL-10: 46.09 pg/ml vs
27.41 pg/ml; p<0.0001; Fig. 1). Detailed evaluation
of the data revealed that out of 73 patients, 9 showed
increased IFN-y levels, 19 increased IL-10, and 11
both increased IFN-y and IL-10 concentrations. In
34 patients neither increased IFN-y nor IL-10 levels
could be detected. In contrast to the patient group,
increased IL-10 levels were only observed in 1 patient
of the control group. In addition, IFN-y levels were
not altered in PBMCs isolated from the control group
upon stimulation with sulphur compounds. Defining
a positive result of the ex-vivo stimulation assay as
IFN-y > 0.3 IU/ml and or IL-10 < 10 pg/ml, 39/73
patients (53.4%) scored positive, as compared to
1/31 controls (3.2%). The difference proved to be
statistically significant by Mann-Whitney U-test
(p<0.001).

The outcome of ex-vivo sulphur compound
stimulation test was independent on age and gender
as well as smoking and medical preconditions of
patients

We tested potential confounders of the correlation
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Fig. 1. Levels of ex-vivo-stimulated IFN-y (A) and IL-10 (B) in patients (n=73) and controls (n=31). Values were obtained
by subtraction of baseline cytokine levels from stimulated cytokine levels. Patients display significantly higher values for
both cytokines (Mann-Whitney U-Test).

Table 1. Evaluation of potential confounders.

patient group (n = 73) control group (n =31) p-value
Average age (years) 50.6 53.0 0.221
Range (vyears) 22-76 33-73
Gender (F/M) 57/16 25/6 1.000
n “l:l n “l:l
Smokers 13 17.8 3 9.7 0.382
General medical conditions
hypertension 16 21.9 7 22.6 1.000
Sensitizations 38 52.8 12 38.7 0.205
Allergic rhinitis 16 219 9 29.0 0.459
autoimmune diseases 14 19.7 4 12.9 0.574
cancer history 8 11.3 2 6.5 0.719
Daily oral hygiene
good 72 98.6 31 100 1.000
poor 1 1.4 0 0
Bruxism
yes 25 34.2 9 29.0 0.654
no 48 65.8 22 71.0
Alcohol
yes 5 6.8 2 6.5 1.000
no 68 932 29 93.5

Age, gender, smoking habits and medical preconditions of patients (n=73) and controls (n=31). Statistics were evaluated
by Mann Whitney U-Test with exception of patients’ ages (Chi-squared test).
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Table I1. TNFA -308 G/A is associated with endodontic treatment failure.

patient group n=73 control group n=31 p-value

Genotype n (%) n (%)
IL1A -889 C/T

CcC 42 (57.5) 19 (61.3)

CTorTT 31 (42.5) 12 (38.7) 0.829
IL1B +3953 CT

CcC 45 (61.6) 20 (64.5)

CTorTT 28 (38.4) 11 (35.5) 0.828
ILIRA +2018 T/C

1T 37 (50.7) 19 (61.3)

CTorCC 36 (49.3) 12 (38.7) 0.392
TNFA -308 G/A

GG 41 (56.2) 26 (83.9)

GAor AA 32 (43.8) 5 (l6.1) 0.007

Allele frequencies of ILIA rs1800587 (-889 C/T), ILI1B rs1143634 (+3954 C/T), ILIRN rs419598 (+2018 T/C) and TNFA
rs1800629 (-308 G/A). Only TNFA rs1800629 (-308 G/A) shows a significant association (Chi-squared test, p=0.007).

between endodontic treatment failure and positive
sulphur compound stimulation test outcome.
Logistic regression analysis showed however, that
the association was independent on age, gender
and smoking habits (Table I). Similarly, there was
no significant correlation with medical conditions
such as hypertension, pollen and other allergies,
autoimmune disease and cancer, as well as the
status of personal oral care, bruxism and alcohol
consumption (Table I).

TNFA -308 G/A polymorphism predisposes for
endodontic treatment failure

IL-1, interleukin 1 receptor antagonist (IL-1RN)
and tumour necrosis factor alpha (TNF-a) represent
key cytokines of the innate immune responses.
In order to analyze the potential contribution
of functional polymorphisms in these cytokine
genes to the outcome of endodontic treatment,
the polymorphisms IL1A rs1800587 (-889 C/T),
ILIB rs1143634 (+3954 C/T), ILIRN 1s419598
(+2018 T/C) and TNFA rs1800629 (-308 G/A) were
genotyped in patients and controls (Table II).

For interpretation of data, the presence of at least
one minor allele was defined as the “risk genotype”
for the respective polymorphism. The comparison of
TNFA genotypes in the different groups revealed a
significant increase in the prevalence of the TNFA
risk genotype among patients as compared to
controls (43.8% vs 16.1%, p= 0.007). Conversely,
IL1A-889 C/T-,1L1B +2953 C/T and ILIRA +2018
T/C risk genotypes showed no significant differences
between either group (Table II).

Endodontic treatment failure was associated with
increased TNF-o. levels

In order to examine levels of systemic
inflammation, we measured TNF-o concentrations in
serum samples obtained from the patient and control
groups. The patient group displayed increased
TNF-a concentrations in serum as compared to the
control group (14.51pg/ml vs 11.90pg/ml, p < 0.05,
Fig. 2). Mannose binding lectin (MBL) involved in
mucosal immune defence and Interferon-inducible
protein-10 (IP-10), a chemokine promoting the



Journal of Biological Regulators & Homeostatic Agents

Table I11. Stimulation test outcome before and after treatment, extraction group.

time point 1 time point 2

patient ID TFN-y IL-10 result TFN-y IL-10 result

61 354 74.7 positive <0.1 <10 negative
45 9.3 <10 positive <0.1 54 positive
53 4.4 <10 positive <0.1 <10 negative
69 4.3 124.2 positive <0.1 <10 negative
46 3.5 223 positive <0.1 <10 negative
52 3 <10 positive <0.1 <10 negative
65 2.2 12.4 positive <0.1 <10 negative
48 1 <10 positive <(.1 <10 negative
43 <0.1 <10 negative <0.1 <10 negative
44 <0.1 <10 negative <0.1 <10 negative
47 <0.1 173.3 positive <0.1 <10 negative
49 <(0.1 <10 negative <0.1 <10 negative
50 <0.1 309 positive <0.1 <10 negative
51 <0.1 18.8 positive <0.1 <10 negative
54 <().1 120.5 positive <(.1 <10 negative
55 <0.1 <10 negative <0.1 <10 negative
56 <0.1 43 positive <0.1 <10 negative
57 <0.1 <10 negative <0.1 99 positive
58 <().1 32.6 positive <0.1 <10 negative
59 <0.1 <10 negative <0.1 <10 negative
60 <0.1 <10 negative <0.1 <10 negative
62 <0.1 120.3 positive <0.1 <10 negative
63 <(0.1 <10 negative <0.1 <10 negative
64 <().1 <10 negative <(.1 <10 negative
66 <0.1 <10 negative <0.1 <10 negative
67 <0.1 60.6 positive <0.1 240 positive
68 <0.1 <10 negative <0.1 26.6 positive
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migration of activated T cells, did not show any
statistically significant difference between patients
and controls, albeit a tendency to higher IP-10 values
in patients (MBL: 1438pg/ml vs 1541pg/ml; IP-10:
733.3pg/ml vs 661.7pg/ml; Mann-Whitney U-Test).

Stimulation test results normalize upon revision or
extraction

We hypothesized that removal of the source of
sulphur compounds may reduce cytokine production
in the sulphur compound ex-vivo stimulation test.
Therefore, we repeated the test 3-8 months after
tooth extraction or re-treatment of the root canal at
two time points. Sixty-nine of the initial 73 patients
were available for follow-up testing (extraction
group: 27/69 patients; re-treatment group: 42/69

patients). Patients who showed a negative outcome
(IFN-y < 0.3 IU/ml and IL-10 < 10 pg/ml) at either
time point were scored as negative. As shown in
Tables III and IV, both re-treatment and extraction
are followed by a significantly reduced frequency of
positive stimulation test outcomes.

In the extraction group, 16/27 patients (59.3%)
scored positive before treatment, while only 4/27
(14.8%) scored positive after extraction (p= 0.004;
Table III). Detailed evaluation showed that out of
16 patients who had been positive before treatment,
14 turned negative upon extraction. Two patients
remained positive, one of which (ID 45) normalized
IFN-y secretion from 9.3 to 0.1 pg/ml but remained
IL-10 positive. The other persistently positive patient
(ID 67) remained IFN-y negative but increased [L-10
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Table IV. Stimulation test outcome before and after treatment, revision group.

time point 1 time point 2

patient ID ITFN-v IL-10 result IFN-v IL-10 result

1 13.5 <10 positive <0.1 <10 negative
15 6.6 43 positive 3.4 <10 positive
16 4.3 323 positive <0.1 <10 negative
22 3.5 2224 positive <0.1 <10 negative
12 3.3 110 positive <0.1 <10 negative
8 2.5 <10 positive <0.1 <10 negative
5 2.4 <10 positive <0.1 <10 negative
21 2:3 <10 positive <0.1 <10 negative
7 1.7 36.7 positive <0.1 <10 negative
3 1.1 <10 positive <0.1 10.1 positive
9 0.7 147.4 positive <0.1 87.3 positive
2 <0.1 17.2 positive <0.1 <10 negative
4 <0.1 93.2 positive <0.1 <10 negative
6 <0.1 <10 negative <0.1 <10 negative
10 <0.1 63.3 positive <0.1 <10 negative
11 <0.1 <10 negative <0.1 <10 negative
13 <(0.1 <10 negative <0.1 14.4 positive
14 <0.1 <10 negative <0.1 <10 negative
17 <0.1 <10 negative <0.1 <10 negative
18 <0.1 474 positive <0.1 <10 negative
19 <0.1 64.6 positive <0.1 <10 negative
20 <0.1 <10 negative <0.1 <10 negative
23 <0.1 <10 negative <0.1 <10 negative
24 <0.1 <10 negative <0.1 14.1 positive
25 <0.1 220.8 positive <0.1 <10 negative
26 <0.1 <10 negative 12.3 <10 positive
27 <0.1 <10 negative <0.1 <10 negative
28 <0.1 67.5 positive <0.1 <10 negative
29 <0.1 30.1 positive 1 <10 positive
30 <0.1 <10 negative <0.1 <10 negative
31 <0.1 <10 negative <0.1 <10 negative
32 <0.1 <10 negative <0.1 <10 negative
33 <0.1 <10 negative <0.1 <10 negative
34 <0.1 <10 negative <0.1 14.4 positive
35 <0.1 <10 negative <0.1 <10 negative
36 <0.1 <10 negative <0.1 11.5 positive
37 <0.1 12.3 positive <0.1 <10 negative
38 <0.1 <10 negative <0.1 <10 negative
39 <0.1 <10 negative <0.1 <10 negative
40 <0.1 <10 negative <0.1 <10 negative
41 <(.1 119.9 positive <0.1 <10 negative
42 <0.1 70.9 positive 3.7 36.5 positive

secretion. Two patients scored negative in the initial In the revision group, 22/42 patients (52.4%)

testing but turned IL-10 positive during follow-up were positive for at least one cytokine in the sulphur
(ID 57 and ID 68). No IFN-y negative patient turned compound stimulation test before treatment, while
IFN-y positive. 10/42 scored positive during follow-up after re-
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Fig. 2. Distribution of TNF-o. serum levels in patients
and controls. Each symbol represents an individual. The
horizontal lines represent the mean TNF-a serum value
of the group. Mann-Whitney U-Test shows a significant
group difference (p < 0.05).

treatment (23.8%, p=0.023; Table IV). Detailed
evaluation shows that 17 of the initially 22 positive
patients had turned negative. Five patients maintained
positive test results (IDs 3, 9, 15, 29, 42) and five
initially negative patients turned positive during
follow-up (IDs 13, 24, 26, 34, 36). Of these five
however, four showed only marginal elevation of
IL-10 (up to 14.4 pg/ml). Only one initially negative
case showed strong cytokine induction (ID 26: IFN-y
12.3 IU/ml, IL-10 negative).

Stimulation test results remain unchanged in controls

To test both the biological variability and the
inter-assay reproducibility we repeated the sulphur
compound stimulation test also for 28 of the initial
31 controls, who had not received any endodontic
treatment in the meantime. Testing was performed
in the same time window as for the patient group.
Twenty-five out of 28 patients did not score positive
at any time point, indicating high inter assay stability.
The only initially positive patient scored negative six

months later. However, two initially negative patients
showed marginally increased IL.-10 secretion at the
follow-up time point (13.1 pg/ml and 27.7 pg/ml).

DISCUSSION

The present study demonstrates  that
immunological sensitization to methyl mercaptan and
thioethers is associated with endodontic treatment
failure. Ex-vivo stimulation of patient lymphocytes
with sulphur compounds showed significantly
increased cytokine release for patients with clinical
complaints or radiological abnormalities. The fact
that analyses were performed with systemically
circulating mononuclear blood cells argues for a
type IV immune sensitization to sulphur compounds.
As T-lymphocytes produce both IFN-y and IL-10,
they likely account for the observed increase in
cytokine levels. Still, other cellular components of
PBMC:s represent potential sources, such as natural
killer cells, which have been shown to secrete IFN-y
(19) as well as blood monocytes and B-lymphocytes,
which reportedly both release IL-10 (20). However,
these cells lack antigen specific recognition sites and
are therefore activated only by unspecific activation
signals. Unspecific activation by methyl mercaptan
and/or dimethyl sulfide is in fact highly unlikely due
to the consistently negative cytokine scores in the
control group.

The observation that sulphur compounds can
stimulate immune cells to produce proinflammatory
cytokines is well documented in the literature.
Methyl mercaptan has been shown to induce the
production of IL-1 by human mononuclear cells (14)
and LPS-stimulated IL-6 production is augmented
when methyl mercaptan is present (13). Furthermore,
methyl mercaptan alone or in combination with IL-1
or lipopolysaccharide can significantly enhance the
secretion of PGE2 and cAMP, which are required
for induction of local inflammatory processes (14).
Proinflammatory cytokines like IL-1, interleukin-8
(21), TNF-a (22) or even the T-cell mediator
interleukin-2 (23) are increased in inflamed pulp
tissue specimens of patients with irreversible pulpitis.
Evenifnone of our patients suffered from irreversible
pulpitis but had clinical signs of an avital tooth, it
is tempting to speculate that the proinflammatory
pathomechanism may be comparable.
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A putative causal link between immunological
sensitization to methyl mercaptan and apical
inflammation is supported by the observation that
elimination of methyl mercaptan/thioether exposition
by re-treatment of the root canal or tooth extraction
leads to a significant reduction of sulphur compound-
induced cytokine production. It is well known that
removal of a stimulating antigen reduces the number
of the respective antigen specific precursor T cells in
the blood. The fact that both in the re-treated and in
the extraction group a minority of primarily negative
patients turned IL-10 positive during follow-up
may be explained by regulatory mechanisms. These
patients are exposed to sulphur compounds and may
develop immune tolerance based on the action of
regulatory T-lymphocytes. In ex-vivo stimulation
set-ups IL-10 is considered a marker for regulatory
T-cells and IFN-y indicates the THI1 mediated
effector cell response that is associated with local
and/or systemic inflammation. As we focused the
study on sensitization to sulphur compounds, we
limited our analysis to these cytokines. Subsequent
endodontic surgery may reactivate a latent tolerance
reaction against sulphur compounds. It is important
to note that this study was not designed to examine
the influence of re-treatment vs extraction on the
long-term success rate based on sulphur compounds
associated immune phenomena.

While IL-10 upregulation typically occurs along
with INF-y production in T-cell mediated immune
activation, the fact that three control individuals
without signs of clinical findings scored IL-10
positive is in line with published data showing that
isolated IL-10 does occur in absence of manifest
inflammation or allergic response. This has been
reported for allergens, especially for drug sensitized
patients (24). Whether positive IL-10 scores
designate the beginning of immune processes or,
alternatively, demarcate stable immune tolerance
cannot be determined on the basis of the present data
but will require extended studies with strengthened
clinical focus. Accordingly, further studies will be
required to elucidate the clinical significance of
isolated IL-10 positive scores.

Conversely, the re-treatment group patient who
showed strong upregulation of IFN-y during follow-
up testing reflects a different situation. A likely
explanation is that in this case revision may have

triggered the release of sulphur compounds from
the canal. Alternatively, these patients may have
developed another independent endodontic lesion in
the meantime.

The present data show that an immunological
laboratory test may serve as a diagnostic tool for
patients with chronic necrotic dental pulp tissue
conditions. Follow-up testing may yield objective
criteria for the success of endodontic treatment. As
expected from its well-described proinflammatory
action, positive IFN-y confers a higher predictive
value. Still, the predictive significance of positive
IL-10 is underscored by its higher frequency in
the patient group and by the fact that root canal re-
treatment and extraction lead to IL-10 reduction in
most cases. The data reveal that the novel laboratory
tests presented here may provide additional criteria
for the prognosis of endodontic treatment, supporting
clinical judgement and well-established imaging
techniques.

In addition to our data implicating the TNFA
-308 G/A polymorphism as a predisposing
factor for failure of endodontic treatment or
apical periodontitis, earlier studies have shown
a contribution of this polymorphism to a wide
range of chronic inflammatory disorders, such as
diabetes mellitus (25), inflammatory bowel disease
(26), atherosclerosis and stroke (27) as well as
periodontitis (28) and periimplantitis (29). Other
studies show a significant association of TNFA -308
G/A with local inflammatory processes, activating
osteoclasts and synovial fibroblasts through
induction of RANKL expression, which in turn
increases bone resorption (30). At the same time,
TNF-a increases periodontal tissue destruction by
inducing matrix metalloproteinases (31). It seems
likely that patients with increased inflammatory
predisposition respond to sulphur compounds as
potentially immunogenic stimuli with increased
local inflammation. Importantly however, TNFA
-308 G/A occurs also in the control group, albeit
less frequently, making clear that this polymorphism
does not represent the only relevant risk factor.

Increased serum TNF-a levels in our patient
group further support the clinical significance of this
cytokine. Intriguingly, TNFA -308 G/A is reportedly
associated with increased TNF-a transcription (32).
Considering the relatively small average differences



Journal of Biological Regulators & Homeostatic Agents 8 3

in serum levels between patients and controls
however, serum TNF-a does not represent a valid
marker to identify endodontic patients. Also serum
MBL and IP-10 proved unsuitable for endodontic
diagnostic discrimination, even though the latter
showed a trend to higher levels in our patient group.
It is important to note that normal serum IP-10 does
not preclude systemic immune activation based on
a local T-cell mediated immune process. IP-10 is
significantly elevated in systemic infectious THI1-
mediated diseases such as chronic active hepatitis or
concurrent HIV/tuberculosis infection (33) but not
in other inflammatory diseases, such as acute peptic
ulcer (34), atopic dermatitis or Parkinson’s disease
(35). The fact that TH1 lymphocytes contribute
to organ pathologies and systemic inflammation
in these IP-10 negative diseases emphasizes that
normal serum IP-10 does not exclude activation of
TH1 lymphocytes. Diagnostic sensitivity of serum
IP-10 is most likely not sufficient to reliably detect
local inflammatory processes.

Taken together, this retrospective study shows that
sulphur compound specific T cells are significantly
increased in patients with clinical or radiologic signs
of endodontic treatment failure. The data argue that
endodontic re-treatment following a standardized
protocol effectively normalizes immune parameters,
presumably by reducing sulphur compounds in
the root canal system. Our novel ex-vivo sulphur
compound stimulation assay may therefore serve
as a tool to complement established clinical and
radiological diagnostic measures for monitoring
endodontic  treatment outcome. Furthermore,
TNFA -308 G/A is associated with a higher risk for
endodontic treatment failure, predisposing for local
inflammatory processes.

This study points out systemic and prognostic
immune parameters that are relevant for endodontic
proinflammatory processes. Further studies will be
necessary to confirm the reported association between
sulphur compounds and systemic inflammatory
processes and to verify the diagnostic value of our
novel laboratory parameters.
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SILENCING OF STAT4 GENE INHIBITS CELL PROLIFERATION AND INVASION OF
COLORECTAL CANCER CELLS
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Signal transducers and activators of transcription (STAT) play critical roles in development,
proliferation, and immune defense. However the consequences of STAT hyperactivity can predispose to
diseases, including colorectal cancer. In the present study, we aimed to evaluate the function of STAT4 in
human colorectal cancer (CRC). The expression of STAT4 was examined by immunohistochemical assay
using a tissue microarray procedure. A loss-of-function experiment was carried out to investigate the
effects of lentivirus-mediated STAT4 shRNA (Lv-shSTAT4) on cell proliferation and invasive potential
indicated by MTT and Transwell assays in CRC cell lines (SW480 and Caco2). As a consequence, it
was found that the expression of STAT4 protein was significantly increased in CRC tissues compared
with that in adjacent non-cancerous tissues (ANCT) (71.1% vs 44.4%, P=0.015), and was related with
the Duke’s staging and depth of invasion in CRC patients (P=0.022; P=0.001). Silencing of STAT4 gene
suppressed cell proliferation and invasion of CRC cells. Taken together, these findings demonstrate that
increased expression of STAT4 is positively correlated with the depth of invasion in CRC patients, and
inhibition of STAT4 expression represses the growth and invasion of CRC cells, suggesting that STAT4

may be a promising therapeutic target for the treatment of CRC.

Colorectal cancer (CRC) is one of the most
common tumors worldwide. Though surgical
treatment is available for CRC, it has high risk and
high mortality for functional considerations, rectal
anatomic features and surgical technical issues (1). In
terms of the benefit from targeted therapy for specific
anti-VEGF or anti-EGFR treatment (2), molecular
biology and medical genetics research efforts have
been made to understand the cellular and molecular
mechanisms of oncogene and tumor-suppressor in
CRC. Thus, developing direct and effective targets
for cancer therapy has revolved around a family of
transcription factors known as signal transducers and

activators of transcription (STATs).

STATs are cytoplasmic transcription factors
involved biological responses, including cell
proliferation and differentiation (3). It is reported
that STATs act as signaling components located
in the plasma membrane and the nucleus or as
transcription factors binding specific DNA in
the nucleus (4). STATs are found to be important
mediators of phosphortyrosine-regulated signaling
in metazoan cells and the components of JAK/STAT
signal pathway involved in immune responses, cell
fate, proliferation, migration and programmed cell
death in multicellular organisms (5).
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STAT4, one member of the STAT family as
cytoplasmic transcription factors, is a central
mediator in generating inflammation during
protective immune responses and immune-mediated
diseases (6). It confers protection against endotoxin-
induced death and regulates systemic inflammation
(7). Some reports show that the members of the
STAT family including STAT4 are highly expressed
in CRC tissues and are associated with the survival
of CRC patients (8). In addition, STAT4 has a
function in inflammation and immunity in liver
disease (9), and decreased expression of STAT4 is
an independent prognostic factor for hepatocellular
carcinoma (HCC) (10). On the other hand, STAT4
has no significant link with clinical parameters of
HCC (11). To elucidate the function of STAT4 in
cancer, we hypothesized that inhibition of STAT4
expression represses the growth and invasion of CRC
cells, suggesting that STAT4 may be a promising
therapeutic target for the treatment of CRC.

MATERIALS AND METHODS

Materials

The CRC cell lines (SW480 and Caco2) used for these
experiments were from the Institute of Biochemistry and
Cell Biology (Shanghai, China). Lv-shSTAT4, negative
control vector and virion-packaging elements were from
Genechem (Shanghai, China). The primer of STAT4 was
synthesized by Applied Biosystems (ABI, USA). STAT4
antibody was from Santa Cruz Biotechnology (USA).

Drugs and reagents

Dulbecco’s Modified Eagle medium (DMEM) and
fetal bovine serum (FBS) were from Thermo Fisher
Scientific Inc (Waltham, MA, USA); TRIzol Reagent and
Lipofectamine 2000 were from Invitrogen (Carlsbad, CA,
USA); M-MLV Reverse Transcriptase was from Promega
(Madison, WI, USA); SYBR Green Master Mixture was
from Takara (Otsu, Japan). ECL-PLUS/Kit was from GE
Healthcare (Piscataway, NJ, USA).

Clinical data

Tissue microarray was prepared for the THC test.
Human CRC tissues and the corresponding ANCT were
obtained from biopsy prior to chemotherapy from a total
of 45 consecutive patients with CRC admitted to our
hospital. The study was approved by the Medical Ethics
Committee of Shanghai University of Traditional Chinese
Medicine, and written informed consent was obtained
from the patients or their parents before sample collection.

Two pathologists respectively reviewed all of the cases.

IHC staining

Anti-STAT4 antibody was used for IHC detection of
the expression of STAT4 protein in tissue microarrays.
Tissue microarray sections were processed for THC
analysis of STAT4 protein as follows. IHC examinations
were carried out on 3-mm thick sections. For anti-STAT4
IHC, unmasking was performed with 10 mM sodium
citrate buffer, pH 6.0, at 90°C for 30 min. For anti-STAT4
IHC, antigen unmasking was not necessary. Sections
were incubated in 0.03% hydrogen peroxide for 10 min
at room temperature, to remove endogenous peroxidase
activity, and then in blocking serum for 30 min at room
temperature. Anti-STAT4 antibody was used at a dilution
of 1:200. The antibody was incubated overnight at 4°C.
Sections were then washed three times for 5 min in PBS.
Non-specific staining was blocked with 0.5% casein and
5% normal serum for 30 min at room temperature. Finally,
staining was developed with diaminobenzidine substrate
and sections were counterstained with hematoxylin. PBS
replaced STAT4 antibody in negative controls.

Quantification of protein expression

The expression of STAT4 was semiquantitatively
estimated as the total immunostaining scores, which
were calculated as the product of a proportion score and
an intensity score. The proportion and intensity of the
staining was evaluated independently by two observers.
The proportion score reflected the fraction of positive
staining cells (score 0, <5%; score 1, 5%-10%; score
2, 10%-50%; score 3, 50%-75%; score 4, >75%), and
the intensity score represented the staining intensity
(score 0, no staining; score 1, weak positive; score 2,
moderate positive; score 3, strong positive). Finally, a
total expression score was given ranging from 0 to 12.
Based on prior analysis, STAT4 was regarded as negative
expression in CRC tissues if the score <2, and positive
expression if the score >2.

Cell culture and infection

CRC cells were cultured in DMEM medium
supplemented with 10% heat-inactivated FBS, 100 U/
ml of penicillin and 100 pg/ml of streptomycin. They
were all placed in a humidified atmosphere containing
5% CO, at 37°C. On the day of transduction, CRC
cells were replated at 5x10* cells/well in 24-well plates
containing serum-free growth medium with polybrene (5
mg/ml). When 50% confluence was reached, cells were
transfected with recombinant Lv-shSTAT4 or control
virus at the optimal MOI (multiplicity of infection) of
50, and cultured at 37°C and 5% CO, for 4 h. Then the
supernatant was discarded and serum containing growth
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medium was added. At 4 days of post-transduction,
transduction efficiency was measured by the frequency
of green fluorescent protein (GFP)-positive cells. Positive
stable transfectants were selected and expanded for further
study. The clone in which the Lv-shSTAT4 transfected
was named as Lv-shSTAT4 group and the negative control
vectors transfected was named as NC group.

Quantitative Real-time PCR

To quantitatively determine the mRNA expression level
of STAT4 in CRC cells, Real-time PCR was used. Total
RNA of each clone was extracted with TRIzol according
to the manufacturer’s protocol. Reverse-transcription was
carried out using M-MLV and cDNA amplification was
carried out using SYBR Green Master Mix kit according to
the manufacturer’s protocol. Target genes were amplified
using specific oligonucleotide primer and B-actin gene
was used as an endogenous control. Data were analyzed
using the comparative Ct method (222", Three separate
experiments were performed for each clone.

Western blot assay

CRC cells were harvested and extracted using lysis
buffer (Tris-HCI, SDS, Mercaptoethanol, Glycerol). Cell
extracts were boiled for 5 min in loading buffer and then
equal amount of cell extracts were separated on 15% SDS-
PAGE gels. Separated protein bands were transferred
into polyvinylidene fluoride (PVDF) membranes and the
membranes were blocked in 5% skim milk powder. The
primary antibody against STAT4 was diluted according
to the instructions of antibodies and incubated overnight
at 4°C. Then, horseradish peroxidase-linked secondary
antibodies were added at a dilution ratio of 1:1000, and
incubated at room temperature for 2 h. The membranes were
washed with PBS for three times and the immunoreactive
bands were visualized using ECL-PLUS/Kit according to
the kit’s instructions. The relative protein level in different
groups was normalized to GAPDH concentration. Three
separate experiments were performed for each clone.

Cell proliferation assay

Cell proliferation was analyzed with the MTT assay.
Briefly, cells infected with Lv-shSTAT4 were incubated
in 96-well-plates at a density of 1x10° cells per well with
DEME medium supplemented with 10% FBS. Cells were
treated with 20 ul MTT dye, and then incubated with 150
pl of DMSO for 5 min. The color reaction was measured
at 570 nm with enzyme immunoassay analyzer (Bio-Rad,
American). The proliferation activity was calculated for
each clone.

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

ml, 60-80 ml) on the upper surface of a polycarbonic
membrane (diameter 6.5 mm, pore size 8 mm). After
incubating at 37°C for 30 min, the matrigel solidified and
served as the extracellular matrix for analysis of tumor
cell invasion. Harvested cells (1x10°) in 100 ml of serum
free DMEM were added into the upper compartment
of the chamber. A total of 200 ml conditioned medium
derived from NIH3T3 cells was used as a source
of chemoattractant, and was placed in the bottom
compartment of the chamber. After 24 h incubation at
37°C with 5% CO,, the medium was removed from the
upper chamber. The non-invaded cells on the upper side
of the chamber were scraped off with a cotton swab. The
cells that had migrated from the matrigel into the pores of
the inserted filter were fixed with 100% methanol, stained
with Hematoxylin, and mounted and dried at 80°C for 30
min. The number of cells invading through the matrigel
was counted in three randomly selected visual fields from
the central and peripheral portion of the filter using an
inverted microscope (200xmagnification). Each assay
was repeated three times.

Statistical analysis

SPSS 20.0 was used for the statistical analysis.
Kruskal-Wallis H test and Chi-squared test were used
to analyze the expression rate in all groups. One-way
analysis of variance (ANOVA) was used to analyze the
differences between groups. The LSD method of multiple
comparisons was used when the probability for ANOVA
was statistically significant. Statistical significance was
set at P <0.05.

RESULTS

Expression of STAT4 protein in CRC tissues

The expression of STAT4 protein in CRC
tissues was examined by IHC staining. The positive
expression of STAT4 protein was detected in the
nucleus of CRC tissues and ANCT (Fig. 1). The
positive rates of STAT4 expression were found in
71.1% (32/45) of the CRC tissues and 44.4% (20/45)
in the ANCT (P=0.015, Table I).

Correlation — of  STAT4
clinicopathologic characteristics
The correlation of STAT4 expression with
various  clinicopathologic  characteristics  was
analyzed. As shown in Table II, STAT4 expression
did not associate with the age, gender and CEA level
of the CRC patients (each P>0.05). Upregulation
of STAT4 expression was not associated with

expression  with
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Table 1. Expression of STAT4 protein in CRC.

) Expression levels (n) Positive 5
Variables Group  Cases (N) rate(%) X P
- + ++ ++
STAT4 CRC 45 13 17 10 5 71.1
ANCT 45 25 11 7 2 44.4 5.897 0.015

B e i I8 g d
GE AN i

Fig. 1. The expression of STAT4 protein in human CRC (*x 200). The expression of STAT4 protein was examined by IHC
assay. High expression of STAT4 was found in the CRC tissues, but low expression of STAT4 in ANCT tissues.

tumor size and degree of differentiation (P=0.107;
P=0.673). However, positive expression of STAT4
was correlated with Duke’s staging the depth of
invasion (P=0.022; P=0.001).

Silencing of STAT4 gene in CRC cells

After CRC cells (SW480 and Caco2) were
transfected with Lv-shSTAT4 for 24 h, the expression
level of STAT4 was detected by Real-time PCR and
Western blotting, indicating that the mRNA (Fig.
2A, B) and protein level (Fig. 2C, D) of STAT4
were significantly silenced in the Lv-shSTAT4 group
compared with the NC group (each **P<0.01).

The effect of STAT4 silencing on cell proliferation
To examine the effect of STAT4 silencing on cell

growth, we investigated the proliferative activities of
CRC cells by MTT assay. As a result, silencing of the
STAT4 gene significantly decreased cell proliferative
activities of CRC cells in a time-dependent manner
(each **P<0.01, Fig. 3A, B).

Effect of STAT4 silencing on cell invasion

To determine the effect of STAT4 silencing on
cell invasion, Transwell assay was performed. The
invasive potential was determined on the basis of the
ability of cells to invade a matrix barrier containing
laminin and type IV collagen, the major components
of the basement membrane. Representative
micrographs of Transwell filters can be seen in Fig.
4A, B. The invasive potential of CRC cells was
lowered in Lv-shSTAT4 group compared to the NC
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Table I1. Correlation of STAT4 expression with clinicopathologic characteristics.

Variables Cases (n) STAT4 (n) P
45 (-) (+t)
Age 13 32
<60 26 7 19
>60 19 6 13 0.736
Gender
Male 18 4 14
Female 27 9 18 0.426
Tumor size (cm)
<5 13 6 7
>5 32 7 25 0.107
Duke s staging
A+B 16 8 8
C+D 29 5 24 0.022
Depth of invasion
Within serosa 18 10 8
Beyond serosa 27 3 24 0.001
Degree of differentiation
Well 22 5 17
Moderate 14 5 9
Poor 9 3 6 0.673
CEA(ng/ml)
>5 27 8 19
>5 18 5 13 0.894
3
A < 1.0 C \&Q\zﬁ
2 08 5
% £ 06 éo V'
=5 STAT4
2 5 02
0 “ GAPDH
NC Lv-shSTAT4
SW480 SW480
B D <X
a0 \Qa‘,&?’
% 5 08 L
=1
2 '% s *k ]
25 02 :
0 - GAPDH

NC Lv-shSTAT4
Caco?2 Caco?2

Fig. 2. Silencing of STAT4 gene in CRC cells. The target gene for STAT4 was identified by Real-time PCR (A, B) and
Western blot assays (C, D) in CRC cells, indicating that the expression level of STAT4 was significantly decreased in the
Lv-shSTAT4 group compared with the NC group (each **P<0.01).
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Fig. 3. Effect of STAT4 silencing on cell proliferation. A, B) The proliferative activities of CRC cells were assessed by
MTT assay, indicating that silencing of STAT4 gene reduced the proliferative activities of CRC cells in a time-dependent
manner.
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Fig. 4. Effect of STAT4 silencing on cell invasion. A, B) The effect of STAT4 silencing on cell invasion was observed by
Transwell assay. (C, D) The invasive potential of CRC cells was significantly weakened in the Lv-shSTAT4 group com-
pared with the NC group (**P<0.01).
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and CON groups (**P < 0.01) (Fig. 4C, D).
DISCUSSION

STAT proteins are cytoplasmic transcription
factors that have been discovered in the context of
cytokine and growth factor signaling (12). STAT4
is expressed in several tissues including spleen,
heart, brain, peripheral blood cells, and testis (13).
Compared with normal cells and tissues, STAT4 is
detected in a wide variety of human cancer cell lines,
such as childhood acute lymphoblastic leukemia
(14), CRC (8), breast tumor (15), and gastric cancer
(16), but no differential expression is found between
prostate cancer and the non-cancer tissues (17).
Moreover, STAT4 expression is closely associated
with the survival and prognosis of cancer patients
(8,15). But, the clinical significance of STAT4 in
CRC is not comprehensively understood. We found
that STAT4 was highly expressed in the nucleus of
CRC tissues compared to the ANCT, and was closely
correlated with the Duke’s staging and invasive
depth of CRC patients, suggesting that STAT4 might
be related with the tumorigenesis of CRC.

Functionally, inhibition of STAT4 suppresses the
growth and invasion in breast cancer (15) and gastric
cancer cells (16), and STAT4 phosphorylation can
be activated in prostate tumor (18). But, the loss
of STAT4 predisposes mice to tumor induction
and demonstrates crucial roles of STAT4 in
the prevention of tumors (19). Few reports show that
anti-tumor immunity is regulated via the STAT6-
dependent pathway, rather than STAT4 (20). STAT4
exerts a critical role in modulating the function of
natural killer cells (NK) via interleukin-12 (21, 22),
and engenders greater clonal expansion of the Ag-
activated CDS8 cells (23), suggesting STAT4 has an
effective function in immunotherapy of cancer (24).
Reciprocally, NKT increases expression of STAT4
to mediate anti-tumor activity, holding promise as a
novel mode of immune therapy for HCC (25, 26).
Therefore, further study should be carried out. In the
present study, we found that knockdown of STAT4
could inhibit the proliferation and invasion of CRC
cells, suggesting a tumor-promoting role of STAT4
in CRC.

In conclusion, our findings demonstrate that
increased expression of STAT4 is positively

correlated with the depth of invasion in CRC patients,
and inhibition of STAT4 expression represses the
growth and invasion of CRC cells, suggesting that
STAT4 may be a promising therapeutic target for the
treatment of CRC.
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IN PATIENTS WITH HASHIMOTO THYROIDITIS
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Thyroid inflammation has been commonly seen in recent decades, due to a series of factors and is
considered as the most frequent thyroid illness. It is characterized by some distinctive traits, which include
morphological and hormonal modifications, often in association with an elevated anti-thyroid autoantibody
title. The aim of the therapy is to improve symptoms as fast as possible, treating inflammation and subsequent
hypothyroidism, when present. Therefore, we evaluated the efficacy of a Food Supplement (FS) containing
enzymes which is commonly used in various inflammatory processes and is able to modulate immune
reactions during inflammation in a very rapid and efficacious way. An open, controlled study was then
designed and 45 patients with Hashimoto thyroiditis were enrolled and divided into 3 groups (FS alone;
thyroid hormones alone; FS plus thyroid hormones). Blood, morphological and subjective parameters
were considered. The results obtained indicate that the FS used in our study is efficacious and safe when
used alone and/or in combination with thyroid hormones in the treatment of autoimmune thyroiditis, as
documented by the improvement of the majority of the parameters considered. The efficacy was considered
faster than thyroid hormones alone as far as subjective symptomatology is considered. In conclusion, the
use of the food supplement evaluated herein during inflammation may be considered an additional tool in
clinicians’ hands, when facing patients with autoimmune thyroiditis, especially in presence of subjective

symptomatology, in order to rapidly alleviate it.

It is well known that the frequency of thyroidal
illnesses has progressively grown throughout the last
decades (1). This seems to be due at least to three
main factors. First of all, genes play an important
role, since an individual with a family history
positive for thyroid pathology has a significantly
higher possibility of developing a thyroid problem.
Secondly, environment factors may contribute to the
development of such pathologies (namely pollution,
radioactive accidents, other illnesses, iatrogenic,
etc.), especially those associated to autoimmunity.
Thirdly, the so called “constitutional factors”, such

as age and sex, may influence and facilitate the
appearance of thyroidal illnesses (2-6).

Among the various pathologies, thyroiditis is the
most frequent (roughly about 20% of all thyroidal
illnesses) and is classified as acute, subacute or
chronic. The presence of a variable amount of auto-
antibodies against thyroid is a distinctive trait during
their evolution. The autoimmune process seems
to be initiated by a downregulation of suppressor
T-lymphocytes and a consequent activity against
thyroglobulin (a protein that is fundamental to
the production and storage of thyroid hormones)
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and thyroid-peroxidase (involved in hormone
synthesis). Once the mechanism has been activated,
T-lymphocytes may stimulate B-lymphocytes to
produce specific antibodies (7). In addition, recent
data documented that oxidative stress has a role
in favoring auto-immunity disorders. Therefore,
an increase in both antibody concentrations
- against thyroglobulin: TGAb, and thyroid
peroxidase: TPOAD - is very frequently seen. Their
concentrations may vary during life, as do thyroid
morphology and the ability of follicular cells to
produce thyroid hormones. Their presence may lead
to a progressive damage of thyroid tissue, in terms of
hormone production. In fact, patients with thyroiditis
demonstrate a decline towards hypothyroidism,
during long-term follow-up (2, 8).

As far as the therapeutical approach is concerned,
two main aspects should be taken into account. The
presence of a thyroid hormone defect (or excess)
and, secondly, the presence of signs of flogosis,
since the latter may influence hormone synthesis.
To this purpose, the correct therapy should include
the use of preparations containing thyroid hormones
(alone or in combination, when appropriate) and
the use of anti-inflammatory preparations that have
the advantage to directly improve the subjective
symptoms, the flogosis parameters and indirectly
contribute to equilibrate hormonal production and
secretion by the thyroid.

On these bases, the purpose of the present study
wastoevaluate the efficacy ofa preparation containing
appropriate enzymes (proteases) and bioflavonoids
(Wobenzym Vital, Named) in a population of
patients with autoimmune thyroiditis. The choice of
that preparation derived by the fact that it exploits
the so called “Systemic Enzyme Therapy” (SET),
which is commonly used in various inflammatory
diseases, and is able to modulate immune reactions
during the inflammatory process in a very rapid and
efficacious way (9, 10). In addition, the presence
of bioflavonoids, with their antioxidative effects,
constitutes an additional benefit. The mechanism of
action of proteases, in terms of anti-inflammatory
potential, is driven through their reaction with the
a-2-macroglobulins. Their binding is necessary
to acquire the ability of the complex to neutralize
inflammatory cytokines (i.e., TNF-a, IL-1f, IL-6)
(11).

MATERIALS AND METHODS

Study design

The study was carried out according to the principles
stated by the Declaration of Helsinki and the Good Clinical
Practice expressed by the guidelines CPMP/135/95 defined
by the International Conference of Harmonization. Each
subject was informed about the aspects of participating in
the study, including the risks and benefits. In particular, it
was explained that participation was completely free of
any possible charge; the patient’s decision to drop out of
the study was devoid of any consequence, especially in
terms of patient care; the therapy was given completely
free. All patients gave their informed signed consent.

Inclusion criteria

Apatient was considered adequate to be included if: the
age was between 18 and 80; the presence of an autoimmune
thyreopathy, with or without hypothyroidism, was
previously documented; the absence of important illnesses
such as renal or liver insufficiency, immunopathies, blood
clotting problems was documented; the availability and
possibility to participate was confirmed; the explicit
consent, given through the sign on the appropriate form.

Exclusion criteria

A patient was not included if: the use of cortisone,
NSAID or other antiinflammation agents, anticoagulants
was documented; smoke addiction or alcohol or drug
abuse was documented; pregnancy was documented or
even presumed, or lactating.

Since this was an open study, the inclusion of a patient
in a group or another was discretional, on the basis of
clinical, laboratory and technical findings, in order to
obtain three homogeneous groups, in terms of thyroid
status. In addition, patients already treated for chronic
illnesses, such as diabetes and mild cardiovascular
pathologies, were allowed to continue their therapies.
Besides that, other therapies, as long as not interfering
with the protocol, were also permitted.

The study was designed as a controlled open-
label study, with a group of 45 patients in whom an
autoimmune thyroiditis had been previously diagnosed.
In particular, the enrolled patients were divided into three
groups (n=15) and given the following treatments: group
1 = Wobenzym vital alone; group 2 = Wobenzym vital
plus appropriate thyroid hormone therapy; group 3 =
thyroid hormones alone, for a period of 6 months. The
length of the treatment period was chosen on the basis of
the literature data. The primary endpoint of the study was
the evaluation of the efficacy, in terms of improvement
of systemic and local inflammation parameters, and
tolerability of a preparation for systemic enzyme therapy
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in a group of patients with autoimmune thyroiditis, with
or without hypothyroidism. The secondary endpoint was
the evaluation of any reduction in thyroid antibody levels.

At enrolment (T=0), each patient underwent a
complete anamnesis followed by physical examination
in order to ascertain inclusion and exclusion criteria and
define the clinical status by weight, height, BMI, neck
circumference, thyroid and neck palpation. In addition,
2 questionnaires to evaluate the level of quality of life
of the patient (General Health Questionnaire: GHQ-28)
(12) and the level of subjective symptomatology due to
the thyroid inflammation process were compiled, and a
series of specific exams, in order to qualify and quantify
thyroid condition were also prescribed. These were blood
determinations (FreeT3, FreeT4, TSH, HTG, TGADb,
TPOAD, blood count, triglycerides, PCR, Homocysteine,
ANA) and high resolution ultrasound scan of the thyroidal
area, in order to provide additional information concerning
thyroid tissue texture and echogenicity, with a particular
attention to the evaluation of the so called Systolic Peak
Velocity (SPV) of the lower thyroid artery, blood flux of
which is known to be altered during the inflammatory
process, using Doppler sonography (13).

At the end of the evaluation process, each patient
received an amount of Wobenzym vital or/and the
prescription for thyroid hormones sufficient for 6 months,
according to the protocol. Wobenzym vital administration
was as follows: 4 tablets twice daily (total of 8) for 1
week and 2 tablets twice daily (total of 4) for the rest
of the 6-month period. After 1 month (T=+1) patients

were evaluated for their compliance to the treatment and
were asked to orally indicate any problem presumably
connected to the treatment. After 3 months (T=+3) patients
were evaluated as in T=0, also with blood samples, but
without ultrasound. By the end of the study period (T=+6)
patients underwent the final evaluation, as in T=0, blood
evaluation and ultrasound scan included.

Statistics

Data obtained are expressed as mean values £SD and
were finally processed to ascertain whether statistical
differences among them could be demonstrated by Graph
Pad Prism, version 6.0f (Mac, San Diego, CA,USA). In
particular, the significance of differences between the pre-
and post-treatment measures was analyzed using one-
way ANOVA. In addition, the paired t-test was also used
where indicated. p values less than 0.05 were considered
to be statistically significant.

RESULTS

A total of 56 patients were enrolled, aged
between 26 and 63 years (meantSD= 44.3+6.8 yrs),
38 females and 18 males. Eleven patients of the 56
(4 females and 7 males, 19.64%) decided to drop out
of the study (n=10: 8 due to poor compliance and
2 due to mild discomfort, nausea and flatus, one in
the L-Thyr group and another in the Wob+L-Thyr
group) or were excluded by the medical staff (n=1 in

Table 1. Anthropometric and blood pressure data at: 0, +3 e +6 months.

TO T+3 T+6
NECK CIRCUMFERENCE Wob 38.544.1 35.4+5.1 34.4+4.3
(cm)
L-Thyr 40.2+3.9 34.6+4.3 34.9+5.1
Wob + L-Thyr 37.9+4.4 34.1+3.7 33.1+4.6
BMI (kg/cm-2) Wob 25.6+8.4 25.3£7.9 25.4+6.8
L-Thyr 24.7+6.1 23.1+4.2 23.0+£3.4
Wob + L-Thyr 27.1£9.9 26.6£3.5 26.1+4.7
WEIGHT (kg) Wob 68.9+11.4 69.3£10.7 68.6+9.7
L-Thyr 63.2+8.3 61.4+6.2 61.2+5.9
Wob + L-Thyr 70.1+8.7 67.3+8.9 66.4+7 .4
BLOOD PRESSURE (mmHg) | Wob 135/85 130/80 125/85
L-Thyr 130/80 125/85 130/85
Wob + L-Thyr 130/80 130/80 130/85

Data are expressed as Mean + SD. Statistical analysis of the parameters did not demonstrate any significant variation

(p>0.05).
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the L-Thyr group, due to side effects depending upon
L-Thyroxine administration). None of the 10 patients
decided to quit the study because of side effects
presumably connected with the use of Wobenzym
vital. Therefore, 45 patients completed the study,
34 females and 11 males, giving three numerically
equivalent groups of 15 individuals each. Those
groups were homogeneous as far as anthropometric
data are considered (Table I).

Questionnaire evaluation

At time points: 0, +3 and +6 months patients
were asked to answer 2 questionnaires to evalute
their subjective response to treatments. The GHQ28
questionnaire which consisted of 28 items concerning
the level of general wellbeing, indicated an increase
in the general feeling of wellness by the patients in all
3 groups, without particular differences among the
groups (data not shown). However, when the second
questionnaire, regarding the level of subjective
symptomatology (7 items, ranging from the level of
pain to the degree of discomfort during swallowing,
with an arbitrary scale between 0=no symptoms
and 4=very important symptoms), was considered,
the results were quite different. In fact, the analysis
of the data obtained documented that the groups of

patients treated with Wobenzym vital alone or in
combination with thyroid hormones demonstrated a
significant decrease of symptomatology discomfort
three months after the beginning of the treatment that
was maintained thereafter, until the end of the study.
On the contrary, in the group treated with thyroid
hormones alone, the decrease became significant
only by the end of the 6-month period (Fig. 1).
In particular, when the answers to each of the 7
items were considered, the question regarding pain
reported the sharpest improvement in both groups of
patients treated with Wobenzym vital.

Ultrasound scans

In order to minimize the variability of data
collected in the study, all the assays and the
ultrasound scans were performed by the same
laboratory, the same specialist, using the same
machine (MyLab, Esaote, Genova, Italy) equipped
with a 12MHz linear probe. For the same reason,
as far as the ultrasound morphology of the thyroid
tissue is concerned, all the photos were evaluated
by the same specialist that performed ultrasound
evaluation. He was unaware of the treatment of the
patient and was instructed to give an arbitrary score
(between 0 and 4) as follows: 0= homogeneous;

25
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Fig. 1. Schematic diagram of changes in subjective symptomatology levels in the 3 groups. The arbitrary scale indicates the
sum of the score derived by the answer to the 7 items questionnaire (data expressed as Mean = SD of 15 determinations).

*=p<0.05 vs T 0; **= p<0.001 vs T0.
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Fig. 2. Schematic diagram of the inhomogeneity degree of thyroidal tissue, as seen at ultrasound scan, before and after the

treatments, in the 3 groups considered (n = 15 each). The arbitrary scale indicates a score that was chosen to quantify the
level of inhomogeneity (see text). Data are expressed as Mean £ SD. *= p<0.05vs T 0.

60 1

5 51.3 50.6 50.9

40 +

30 + * aTo
BT+6

10 +o

Wobenzym L-Thyroxine Wob + L-Thyr

Fig. 3. Schematic diagram of the inferior thyroid artery systolic speed velocity (cm/sec), before and after the treatments
with Wobenzym vital and L-Thyroxine, alone or in combination. Data as Mean £SD. *= p<0.05.

1= slightly inhomogeneous; 2= inhomogeneous; L-Thyroxine group only (Fig. 2). In addition, data
3= very inhomogeneous; 4= pseudonodular. Data concerning inferior thyroid artery SPV demonstrated
obtained documented a significant reduction in the a reduction in all the groups considered that reached
level of inhomogeneity in the Wobenzym vital plus the level of significance only in the groups treated
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with Wobenzym vital (Fig. 3).

Blood parameters

As expected, the analysis of the results obtained
herein documented a reduction in TSH concentrations
(mclU/ml) in all 3 groups (TSH normal values 0.4-
4.0 mclU/ml) (14). However, it was considered
statistically significant in the 2 groups where thyroid
hormones were used. In particular, in the group treated
with the combination Wob + L-Thyr the significance
level reached the highest value (Wob: T=0 3.3%1.4,
T=+6 2.6£1.2; L-Thyr: T=0 3.6+1.1, T=+6 1.2+0.4,
p<0.05; Wob+L-Thyr: T=0 3.8+£1.0, T=+6 0.7+0.3,
p<0.05) (Fig. 4). Furthermore, as a consequence a
slight reduction in FreeT3 levels was noted in the
3 groups, whilst not significant, probably indicating
a better hormonal balance (data not shown). As far
as HTG (ng/ml), HTGAb (IU/ml) and TPOAb (IU/
ml) concentrations are concerned, the data obtained
indicate a significant reduction in the Wob+L-Thyr
only (HTG, Wob: T=0 37.6+16.1, T=+6 16.4+9.3,
p<0.05; L-Thyr: T=0 41.1+11.7, T=+6 36.6+12.3;
Wob+L-Thyr: T=0 38.8+13.9, T=+6 14.5£10.7,
p<0.05)(TGAD, Wob: T=0 896+312, T=+6 435+323;

L-Thyr: T=0 7874298, T=+6 662+304; Wob+L-
Thyr: T=0 814+242, T=+6 387+168, p<0.05)
(TPOADb, Wob: T=0 1017+674, T=+6 619+473;
L-Thyr: T=0 971+£574, T0+6 818+379; Wob+L-
Thyr: T=0 937+518, T=+6 475+327)(Figs. 5, 6).

Finally, when PCR data (mg/l) as inflammation
marker were considered, a reduction in all 3 groups
was noted. However, the level of significance was
reached in the Wob and Wob+L-Thyr groups only
(PCR, Wob: T=0 6.3+1.9, T=+6 2.9+1.3, p<0.05;
L-Thyr: T=0 5.842.8, T=+6 3.1+1.8; Wob+L-Thyr:
T=0 6.7£1.4, T=+6 2.2+1.2, p<0.05)(Fig. 7). Data
concerning blood parameters at T +3 demonstrated
a smaller variation, but well in accordance with the
T +6 time point. For this reason, data of T +3 blood
parameters are not shown.

Side effects and compliance

The identification and evaluation of possible
side effects and data concerning the compliance
during the treatment period were recorded through
appropriate forms that patients filled in during
periodical interviews. Data obtained indicate that
most frequent side effects were gastrointestinal
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Fig. 4. TSH variations (mclU/ml) before and after Wobenzym vital and/or L-Thyroxine treatment in the 3 groups considered
(n = 15). Results are expressed as Mean=SD. *= p<0.05 vs T 0.
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Fig. 5. HTG variations (ng/ml) before and after Wobenzym vital and/or L-Thyroxine treatment in the 3 groups considered
(n = 15). Results are expressed as Mean + SD. *= p<0.05vs T 0.

1200 +
1017 671
1000 +
937
896 -
818 814
800 787
. ary TGAb
2
61 o8 OT+6
600 + ]
435 * 475 e
6 387 = TPOAb
aT+6
200 +
0 o T ¥ 3
Wobenzym L-Thyroxine Wob + L-Thyr

Fig. 6. Schematic diagram of TGAb and TPOAD concentrations (IU/ml) before and after Wobenzym vital and/or
L-Thyroxine treatment in the 3 groups considered (n = 15). Results are expressed as Mean + SD. *= p<0.05 vs T 0.
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(nausea, bloated bowel) and cardiovascular
(occasional tachycardia in the groups treated with
thyroid hormones only). However, the symptoms
disappeared during the treatment (especially after
L-Thyroxine dose reduction). In 3 patients only, of
56 (5.35%) it was decided to suspend the treatment
and quit the study (2 cases for personal decision of
the patients, 1 Wob and 1 Wob+L-Thyr, and 1 case
due to medical staff decision, L-Thyr).

The compliance evaluation indicated that 8
patients of 56 (14.28%) spontaneously decided to
quit the study, giving different motivations, but
mainly related either to the presumed difficulties in
respecting the strict administration rules (Wobenzym
vital must be taken on an empty stomach, at least
3 hours after a meal and not earlier than 2 hours
before the following meal), or to the considered
high number of tablets to be taken during the day (4
tablets together twice a day for the first week and 2
tablets twice a day for the rest of the study).

DISCUSSION

On the basis of the results obtained herein it is
possible to focalize some important aspects and some
limitations raised during and after the conclusion of
the present study. First of all, the administration of
Wobenzym vital and thyroid hormones, alone or
in combination, was able to improve the specific
symptomatology and the outcome of patients with
autoimmune thyroiditis in a significant number
of cases. The improvement was evident either
from a subjective point of view (better score after
questionnaire administration) as well as from an
objective one (better results in blood and ultrasound
scans parameters), in both Wob and Wob+L-Thyr
groups. L-Thyroxine administration alone was able
to obtain similar results, in terms of general health
increase and local symptomatology decrease, as
expected; however, when specific and non-specific
inflammatory parameters are considered (PCR,
HTG, TGAb, TPOAD, thyroid tissue modifications,
blood flow in the inferior thyroid artery), Wobenzym
vital administration, alone or in combination resulted
in a faster reduction of symptomatology than thyroid
hormones alone. In fact, whilst administration of
L-Thyroxine alone was able to significantly improve
subjective symptomatology at T=+6 only, Wobenzym

vital alone and (even better) in association with
L-Thyroxine was able to obtain significant results
immediately after 3 months of treatment. In addition,
a substantial number of patients indicated the
improvement of their subjective symptomatology
immediately after 1 month only (data not shown
because no questionnaires were administered at that
timepoint).

As far as thyroid tissue inhomogeneity degree
before and after the end of the study is concerned,
data obtained indicate a reduction in all the
considered groups, whilst statistically significant
in the Wob+L-Thyr group only. On the other hand,
data concerning the inferior thyroid artery blood
flux (which, when increased, is considered an
index of thyroid inflammation)(13) demonstrate
that Wobenzym vital, alone or in combination with
thyroid hormones was sufficient to determine a
decrease of blood flux, thus indicating a decrease in
the level of inflammation. In the group treated with
thyroid hormones alone, the reduction of blood flux
was also apparent whilst not significant, probably
due to the small size of the population considered
in the study.

The evaluation of the data concerning TGADb
and TPOAD responses to the treatments is far more
complex. In fact, the analysis of the results indicates
the enormous variability of both considered
antibodies in our patients, therefore complicating
the possibility to point out significant differences,
especially in a relatively small number of patients as
in our study. In this view, our results of a significant
reduction of antibody levels obtained in the combined
group should only be considered as expected, since it
is well known to clinicians how difficult it is to obtain
an important and stable reduction of such antibodies.
Nonetheless, their presence, sometimes at very high
concentrations, indicates a thyroid inflammatory
process and their reduction may be considered a
parameter of process improvement, especially when
associated to subjective and objective data (15-18).

Hormonal data indicate that the therapy with
thyroid hormones, alone or in combination with
Wobenzym vital, obviously significantly decreased
TSH levels, while Wobenzym vital treatment alone
did not. It is interesting to note that TSH values
decreased in a higher degree when the combined
therapy (Wob+L-Thyr) is considered (whilst not
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Fig. 7. PCR variations (mg/l) before (T 0) and after (T +6) Wobenzym vital and/or L-Thyroxine treatment in the 3 groups
considered (n = 15). Results are expressed as Mean + SD. *= p<0.05 vs T 0.

significant), in respect to L-Thyr alone treatment,
suggesting that the Wobenzym vital treatment
could positively affect thyroid function, therefore
rebalancing hormonal status. For that reason, it may
be possible to speculate that in those conditions a
lesser amount of thyroid hormones could be used
to obtain euthyroidism, when needed. Accordingly,
FT3 and FT4 concentrations slightly decreased in all
the 3 considered groups, indicating a better hormonal
balance after therapy. It is important to note that the
same decrease was present in the group treated with
Wobenzym vital alone.

As far as side effects and compliance data are
considered, the results obtained indicate their
percentage is more than acceptable. However, when
the compliance is considered it is noteworthy to
underline that it was impossible to ascertain whether
the patients took their daily therapy in line with the
instructions received and the role of this in final
outcome measures is impossible to be quantified.

Therefore, on the bases of data obtained and
expressed herein itis possible to summarize our results
as follows: treatment with Wobenzym vital, alone or
in combination with thyroid hormones seems to be

efficacious in autoimmune thyroiditis; Wobenzym
vital effects are mainly upon inflammation, the
improvement of which is beneficial to thyroid
morphology and function; subjective symptoms
downgrade quite rapidly when Wobenzym vital,
alone or in combination, is used, while during
administration of thyroid hormones alone the
symptomatology decrease was slower; the effects
on antibody concentrations were unexpectedly
insufficient, but probably due to the size of the
population considered in our study; obviously the
effect of Wobenzym vital on TSH levels is definitely
much lower than thyroid hormones, thus confirming
that its activity is not on TSH, but on inflammation,
the improvement of which induces a better thyroid
functionality.

In conclusion, the use of Wobenzym vital during
inflammation may be considered an additional
tool in clinicians’ hands when facing patients with
autoimmune thyroiditis, with or without concomitant
thyroid hormone therapy, especially in the presence
of subjective symptomatology, in order to rapidly
alleviate it. In addition, Wobenzym vital therapy may
be prolonged in the attempt to favor the maintenance
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correct thyroid function as long as possible.
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A CYTOTOXIC ANALYSIS OF A SARDINIAN PLANT EXTRACT CREAM ON HUMAN
ORAL PRIMARY CELL CULTURES: AN IN VITRO STUDY

B. SINJARI, F. DIOMEDE, G. MURMURA, T. TRAINI, I. MERCIARO, O. TRUBIANI
and S. CAPUTI

Department of Medical, Oral and Biotechnological Sciences, University “G. D ’Annunzio”,
Chieti-Pescara, Italy

Received September 4, 2014 — Accepted January 14, 2015

Wound healing agents support the natural healing process, reduce trauma and likelihood of
secondary infections and hasten wound closure. The aim of this work was to evaluate the effect of
different concentration of a new Sardinian plant cream (RD7) on two human primary cultures:
Periodontal Ligament Stem Cells (hPDLSCs) and Gingival Fibroblasts (hGFs) derived from oral
tissues in terms of morphological changes, cell proliferation and wound healing properties. RD7, is
an interactive dressing containing phytocomplex derived from Sardinian endemic or not, medicinal
plant extracts, with an important anti-radical, anti-inflammatory and antiseptic activity finalized to
rapidly promote tissue regeneration and the formation of granulation tissue. hPDLSCs and hGFs were
seeded at different concentrations (0.5, 1, 2.5 and S mg/ml) of RD7. The cell proliferation and viability
was evaluated using colorimetric assays (MTT assay) and trypan blue exclusion test. Meanwhile, the
morphological cell changes were evaluated by means of optic (OM) and scanning electronic microscopes
(SEM). The induction of the migratory properties was evaluated by means of wound healing assay. In
vitro results, using hPDLSCs and hGFs, showed a decrease of cell growth starting at 24 h of incubation,
at high concentrations (2.5 mg/ml and 5 mg/ml). This cell growth reduction was associated to evident
morphological changes, whilst, at low concentrations (0.5 and 1 mg/ml) a typical unchanged morphology
of both hPDLSCs and hGFs was shown. Wound healing assay showed a complete wound full closure
occurring after 24 h of treatment in samples treated with low concentration of RD7. The results of
the present work indicate that low concentrations of RD7 have no cytotoxicity effect, stimulate cell
proliferation and contribute to induce the migratory properties in hPDLSCs and hGFs, therefore it
could be considered a new product for use in clinical practice.

Wound healing is a complex system where well-
organised cascade of biochemical and cellular events
involving tissue repair and regeneration occurs (1,
2). Itis a connective tissue feedback and involves the
activity of an intricate network of cytokines, growth
factors and blood cells, which ultimately leads to the

restoration of the injured tissue to normal condition
(3, 4). The aim of wound care, which must occur
in a physiologic environment conducive to tissue
repair and regeneration, is to promote healing in the
shortest time possible, exclude secondary infections
and minimize pain, discomfort and scarring (5). The
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wound healing process, which begins at the moment
of tissue injury and may continue for a prolonged
period, includes the Inflammatory, Proliferative and
Remodelling phases, each of which is characterised
by a series of events (6). The above-mentioned
healing processes are influenced by several factors
such as type and sites of wound, certain disease
conditions, individual nutrition, infections, drugs
and hormones (7). Agents with wound healing
potential, which are obtained from natural and
synthetic bioactive materials have the propensity for
antioxidant, chelation and antimicrobial activities,
and may act through one or more of these phases.
There are many topical pharmaceutical products
comprised of semisolid formulations, which include
ointments, creams, lotions, gels, and dressings,
available to the clinician for use in treating skin
wounds. Numerous agents are valued for their
antimicrobial activity, which can prevent colonized
wounds from becoming infected, thereby assisting
the wound to heal. However, it is evident that agents
which can be toxic to bacterial cells may also be
toxic to the skin cells themselves and delay healing.

Different authors and several papers in the
literature describe the cytotoxicity of wound
dressings. In particular, a number of investigations
have been carried out by researchers worldwide on
the potential toxic effect to the patient of for e.g.
silver-containing products and dressings which,
on the other hand is balanced by their efficacious
antimicrobial activity and their cost effectiveness (7-
10).

To examine cytotoxicity worldwide, researchers
have applied different techniques which include:
the evaluation of cell morphology under an inverted
microscope (11); proliferation assays with Brd U to
measure DNA synthesis (12); cell viability testing

Table 1. Chemical composition of tested solution.

using MTT dye (13); and apoptosis detection with
analysis on a FAC Scan (14).

In this study we examined the cytotoxic effect of
a new Sardinian plant extract cream (RD7) on two
different primary cell cultures by using MTT dye,
cell morphology on optic and scanning electronic
microscope and the migratory capacity through
wound healing assay

MATERIALS AND METHODS

RD7 (RP-Farmadin srl, Cagliari-Italy) is an
interactive skin-regeneratin soothing cream containing
phytocomplex derived from medicinal Sardinian endemic
or not plant extracts, with an important anti-radical, anti-
inflammatory and antiseptic activity finalized to promote
tissue regeneration and the rapid formation of granulation
tissue. Its composition is shown on Table I.

Periodontal ligament stem cell culture

Human periodontal ligament stem cell (hPDL)
biopsies were carried out after informed consent on ten
patients (range age 20-35 years). All volunteers were free
from systemic and oral diseases. Biopsies were obtained
from alveolar crestal and horizontal fibers of the PDL by
scraping the roots of non-carious third molar teeth with a
Gracey’s curette. hPDLSCs were obtained and cultured
in Mesenchymal Stem Cell Growth Medium (MSCGM)
(Lonza Walkersville Inc, Walkersville, MD, USA)
according to Trubiani et al. 2013 (15). Cells migrated
from the explants, and on day 7 adherent cells which
were 80-90% confluent, as determined by phase contrast
microscopy, were isolated using 0.1% trypsin solution and
plated in tissue culture polystyrene flasks at 5x10* cells/
cm?. Primary cultures of hPDLSCs were constituted of
colonies of fibroblast-like cells which, after subcultivation,
proliferated with a population-doubling time of 48 h
reaching a confluent growth-arrested condition. Single-
cell suspensions of the developing adherent layer were
prepared by trypsin/ ethylenediaminetetraacetic acid

Ingredients

Aqua, Glycerin, Carbomer, Propylene Glycol, PEG-40 hydrogenated castor oil, Sedum

Telephium Extract*, Chamomilla Recutita Extract*, RD7*, Hyaluronic acid, Phenoxyethanol,
Thymus vulgaris oil, Alkyl acrylate crosspolymer, Acrylates/ C10-30, Benzyl Alcohol, Ethyl-
paraben, Methylparaben, Triethanolamine, Butylparaben, Propylparaben, Limonene, Linalool.

* Phytocomplexes developed by RP-Farmadin srl —Via Tramontana,11-09126 Cagliari, Italy
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(EDTA) and cell viability was evaluated by the trypan
blue dye exclusion test.

Gingival fibroblast cell cultures

Human gingival fibroblasts (hGFs) were obtained
from fragments of healthy marginal gingival tissue from
the retromolar area taken during surgical extraction
of impacted third molars. Signed informed consent
was obtained from the donors according to a protocol
approved by the University of Chieti. The tissue fragments
were immediately placed in Dulbecco’s modified Eagle’s
medium (DMEM)/F12 (Lonza) for at least 1 h, rinsed
three times in phosphate-buffered saline solution (PBS)
(Lonza), minced into small tissue pieces, and cultured in
DMEM/F12 containing 10% fetal bovine serum (Lonza),
1% penicillin and streptomycin, 1% fungizone. Cells were
maintained at 37°C in a humidified atmosphere of 5%
(v/v) CO2. Cultured hGFs of passages 4-8 were used for
these studies (16).

Cellular proliferation

Cell viability seeded with progressively increasing
concentrations of RD7 (0.5, 1, 2.5 and 5 mg/ml) eluted
in basal medium was evaluated by MTT assay. In brief,
the cells were seeded into flat-bottom 96-well plates
(2x10% well) in 200 pL medium, containing increasing
concentrations of RD7, for different time points (24 h,
48 h, 72 h up to 1 week). At the designated time, 20
pL MTT was added to each well and incubated for 3 h.
Absorbance at 570 nm was measured with a reference
wavelength of 630 nm. The cytotoxicity experiment was
conducted independently in duplicate with six replicates
for each experiment. Moreover, the doubling-time of the
trypan blue harvested cells, at 24, 48, 72 h and 1 week
of culture, was calculated by using an algorithm available
online (http://www.doubling-time.com). Cells were
analyzed by an inverted light microscope (Leica DMIL;
Leica Microsystems S.p.A, Milan, Italy).

Light microscopy evaluations

The morphological aspect of hPDLSCs and hGFs
were observed by a light microscope (Leica Microsystem,
Milan, Italy) and documented photographically.

Scanning electron microscopy analysis

Glass-adherent hPDLSCs and hGFs at P2 cultured
with different RD7 concentration (0.5, 1, 2.5 and 5 mg/
ml) and cells seeded without the above-mentioned cream
were used as the control group. The samples were fixed
with 2.5% glutaraldehyde in 0.1M cacodylate buffer pH
7.4 for 1 h.. After fixation the samples were postfixed
with 1% osmium tetroxide, dehydrated increasing ethanol
concentrations and then critical point dried. Then all the

samples were mounted on alluminium stubs and gold-
coated in an Emitech K550 (Emitech Ltd. Ashford, UK)
sputter-coater before imaging by means of a SEM (Karl
Zeiss, EVO 50, Germany).

In vitro wound healing assay

To perform this assay, 8-9 x 10* hPDLSCs and hGFs
were seeded in six-well plates with markings on the outer
bottom of the well to be used as reference points during
image acquisition. Cells were grown in basal medium until
monolayers reached 80-90% confluence. Wounds were
created by manually scraping the cell monolayer with
a yellow pipette tip and the plates were then vigorously
rinsed with PBS to remove pieces of cellular debris that can
reattach randomly to the cell layer. After wound creation,
serum-free medium containing increasing concentrations
of RD7 (0.5, 1, 2.5 and 5 mg/ml), was added to each
well, and plates were incubated at 37°C, in a humidified
atmosphere of 5% CO,. hPDLSCs and hGFs grown in the
presence of basal medium were used as negative control.
The wound was observed at 6 and 24 hours using an
optical microscope at 10X magnification. Each wound
was photographed at two locations along the original
wound boundary. Duplicate wells of each condition were
examined for three independent experiments (17).

Statistical analysis

The Statistical Package for Social Science (SPSS, v
21.0, Inc. Chicago, IL, USA) was used for data analysis.
Parametrical methods were used after having verified the
existence of the required assumptions. In particular, the
normality of the distribution and the equality of variances
were assessed by the Shapiro-Wilk test.

The significance of the differences of viability among
the time within each group Ctrl, 0.5, 1, 2.5 and 5 mg/ml
were assessed by an ANOVA repeated measures test. The
significance of the differences among the groups within
each time point was assessed by a one-way ANOVA
test. When significant interactions were seen, post hoc
analyses were carried out according to proper Bonferroni
corrections with the Tukey’s test. A p value less than 0.05
was considered statistically significant.

RESULTS

In vitro cell culture provides an ideal tool to
investigate the cytocompatibility and cytotoxicity of
many different biomaterials, and in the current study
we assessed the cellular response to four different
concentrations of RD7. hPDLSCs  and  hGFs
primary cultures were used. The cells displayed
typical fibroblastic and morphological features with
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Fig. 1. Micrograph at light microscopy after 24h of incubation at different concentration of RD7 solution of the hPDLSCs.
a) 0.5 mg/ml, (b) 1 mg/ml, (c) 2.5 mg/ml, (d) 5 mg/ml and (e) control cells. (Mag: 10X)

roundish or elliptical nucleus containing one or more
nucleoli (Fig. 1 e; Fig. 2 e).

Moreover, at light and scanning microscopy,
proliferating spindle-shaped cells with extended
cellular processes as filopodia and lamellipodia at
low concentrations (0.5 and 1 mg/ml) were detectable
(Fig. 1 a, b; Fig. 2 a, b). On the contrary, at high
concentrations (2.5 and 5 mg/ml) morphological
changes were present; the cells were smaller,
retracted and the greater part of them was roundish,
and uneven changes of the cytoskeleton structure
were evident; the presence of cells detached from
the bottom well was suggestive of cell death (Fig. 1
c, d; Fig. 2 ¢, d).

At scanning microscopy the characteristic cell
features were detectable without evident damage of
cell structure when hPDLSC exposed to 0.5 mg/ml
of RD7 solution was compared to control cells (Fig.
3 a, b). SEM imaging showed few cells placed with
high concentration (2.5 and 5 mg/ml) of RD7 cream
(Fig. 3 ¢, d)

By MTT assay, we evaluated the proliferation rate
and viability of hPDLSCs and hGFs incubated for 24
h, 48 h, 74 h and 1 week with the above-mentioned
concentrations. The obtained results showed a
decrease of the cell growth after 24 h of incubation
at high concentration of tested solution (2.5 and
5 mg/ml). After 1 week of culture the cell growth
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Fig. 2. Micrograph at light microscopy after 24 h of incubation at different concentration of RD7 cream of the hGFs. a)
0.5 mg/ml, (b) 1 mg/ml, (c) 2.5 mg/ml, (d) 5 mg/ml, and (e) control cells. (Mag: 10X)

Fig. 3. SEM representative micrograph of hPDLSCs. The ultrastructural analysis indicated that after 24h of culture with
0.5 mg/ml of RD7 cream cells showed the characteristic fibroblast-like morphology. (a) control cell, (b) cell seeded with

low concentration (0.5 mg/ml) of cream solution, (c) cells seeded with high concentration of RD7 cream 2.5 mg/ml, and
(d) 5 mg/ml.(Mag: 133X, 500X and 1000X)
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Fig. 4. MTT assay. Cellular viability of hPDLSCs (a) and hGFs (b) exposed to different concentration of RD7 cream .
Cytotoxicity was evaluated at different time points: 24, 48, 72 h and 1 week. Error bars indicate £+ SEM (p<0.05 was

considered statistically significant).

increased in all examined samples, but it was lower
in high concentration compared to the exposure to
low concentration (0.5 and 1 mg/ml) (Fig. 4).

The studies carried out at light microscopy and
scanning electron microscopy level confirmed the
results obtained by MTT assay. In vitro wound
healing assay showed that RD7 was able to stimulate

cell migratory properties. Full closure of the wound
occurred after 24 h of treatment at in hPDLSCs and
hGFs cultured with 0.5 and 1 mg/ml of RD7 solution
(Fig. 5 a, b; Fig. 6 a, b). Cells seeded with high
concentration (2.5 and 5 mg/ml) of RD7 solution
did not show migratory ability and regeneration
properties (Fig. 7 ¢, d; Fig. 8 ¢, d).
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Fig. 5. Micrograph at light microscopy after 6 h to wound hPDLSCs monolayer and treated with increasing concentration
of RD7 cream. a) 0.5 mg/ml, (b) 1 mg/ml, (c) 2.5 mg/ml, (d) 5 mg/ml and (e) control cells. (Mag: 10X)

DISCUSSION

In the present study, it was demonstrated that low
concentrations (0.5 and 1 mg/ml) of RD7 stimulate
hPDLS and hGF cell proliferation. Meanwhile, at
high concentrations (2.5 and 5 mg/ml) a decrease
in cell viability was demonstrated. Moreover, at the
optical and scanning microscopy the cells displayed
typical fibroblastic and morphological features with
roundish or elliptical nucleus containing one or more

nucleoli. On the contrary, at high concentrations (2.5
and 5 mg/ml) morphological changes were present.

Tissue healing depends predominantly on
proliferation and migration of specific cells to the
wound site. Wound healing assay, despite not being
an exact duplication of cell migration in vivo, is a
simple and inexpensive method to study in vitro
cell migration and the its underlying biology.
The basic steps involve creation of a “wound” on
monolayer cells, capture of images at the beginning
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Fig. 6. Micrograph at light microscopy after 6 h to wound hGFs monolayer and treated with increasing concentration of
RD7 cream. a) 0.5 mg/ml, (b) 1 mg/ml, (c) 2.5 mg/ml, (d) 5 mg/ml, and (e) control cells. (Mag: 10X)

and at regular intervals during wound closure, and
comparison of the images to determine the rate of
cell migration (17). Low concentrations of RD7
stimulate cell migration during wound healing assay.
In fact, in the present study a complete healing
closure of wound was evident after 24 h of treatment.

As most wound beds are prone to colonization
of pathogens such as bacteria and fungi, wounds
treatment also require antiseptics. Ulcers and large
burns, in the majority of cases, contain aerobic Gram-
negative (Pseudomonas aeruginosa and anaerobic
cocci) and Gram-positive bacteria (Staphylococcus

aureus) (18, 19). The bacteria colonization in a
wound can impair optimal wound healing. If left
untreated their colonization can lead to morbidity
and even mortality of the patient. For this reason
it is crucial that the wound healing agents must
have the capacity not only to accelerate the healing
process but also to inhibit bacteria colonization.
Current studies of our laboratory are evaluating the
anti-inflammatory and antimicrobial activity of this
cream and of the its single components. Moreover,
several polysaccharides of RD7, both with the plant
juice, promote tissue repair by a mechanism not yet
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Fig. 7. Micrograph at light microscopy after 24 h to wound hPDLSCs monolayer and treated with increasing concentration
of RD7 cream. a) 0.5 mg/ml, (b) 1 mg/ml, (c) 2.5 mg/ml, (d) 5 mg/ml, and (e) control cells. (Mag: 10X)

fully clarified that seems to predict the induction of
collagen synthesis and fibroblast proliferation. A
further object of the present invention is therefore
a use in the treatment of skin wounds. Another
feature is to act on a large group of skin diseases that
cause an alteration of corneum stratum. Phenytoin
may promote wound healing through multiple
mechanisms, including stimulation of fibroblast
proliferation, facilitation of collagen deposition,
glucocorticoid antagonism, and antibacterial activity.

Previous data (yet unpublished) of RD7
cytotoxicity on human epithelial corneum cells

seeded in different concentrations, showed that
low concentration of RD7 do not inhibit the cell
proliferation over 72 hours of incubation, confirming
the results of the present study.

To the author’s best knowledge, no studies in the
literature have referred to the cytotoxicity of RD7
on different human cell cultures, thus there is a
lack of information on this product that might lead
to anecdotal and non-scientifically driven clinical
procedures

In conclusion, the present in vitro study on
the cytotoxicity of RD7 revealed that at low
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Fig. 8. Micrograph at light microscopy after 24 h to wound hGFs monolayer and treated with increasing concentration of
RD7 cream. a) 0.5 mg/ml, (b) 1 mg/ml, (c) 2.5 mg/ml, (d) 5 mg/ml and (e) control cells. (Mag: 10X)

concentrations (0.5 and 1 mg/ml), RD7 stimulates
cellular growth and proliferation of hPDLS and
hGF cell cultures, while at a higher concentration it
decreases the cell growth.

Although there is still a lack of information and
there are no studies on the effects of RD7, it shows the
ability to stimulate cell proliferation and migration at
low concentrations (0.5 and 1 mg/ml), and may be
effective in wound healing therapy.

Further studies will appreciate the optimal
concentration to be used in vivo, by conducting

clinical trials to appreciate the efficacy and safety of
topical RD7 applications in treatment of different
kinds of wounds.
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The proteasome inhibitor bortezomib is an antineoplastic drug mainly used for the treatment of
multiple myeloma (MM). Despite its effectiveness, bortezomib clinical use is often limited by the onset
of peripheral neuropathy (BiPN). To better understand the mechanisms of BiPN several rat and mice
models have been proposed, but no studies in MM-bearing animals allowing to test the antitumor
activity of the selected schedules and the role of MM by itself in peripheral nervous system damage have
been reported to date. Here, we carried out a study using immunodeficient C.B-17/Prkdecscid (SCID)
mice injected with RPMI8266 human MM cells and treated with bortezomib 1 mg/kg once a week
for five weeks. Animals were assessed with neurophysiological, behavioral and pathological methods
and tumor volume measurement was performed along the study. At the end of the study BiPN was
evident in bortezomib-treated animals, and this neurotoxic effect was evident using a schedule able
to effectively prevent tumor growth. However, neurophysiological and pathological evidence of MM-
induced peripheral nervous system damage was also reported. This model based on MM-bearing
animals is more reliable in the reproduction of the clinical setting and it is, therefore, more suitable than
the previously reported models of BiPN to study its pathogenesis. Moreover, it represents an optimal
model to test the efficacy of neuroprotective agents and at the same time their non-interference with
bortezomib antineoplastic activity.

Multiple myeloma (MM) 1is caused by agents such as thalidomide or lenalidomide has

uncontrolled growth of clonal B cell within the bone
marrow (1). Treatment with corticosteroids and
autologous stem cell transplantation in combination
with chemotherapeutic drugs such as the proteasome
inhibitor bortezomib (BTZ) and immunomodulatory

greatly improved survival in MM patients (2, 3).
Unfortunately,  bortezomib-induced  peripheral
neuropathy (BiPN) is a severe, potentially dose-
limiting side effect of treatment in 10-37% of MM
patients (4, 5), while nerve damage severity is lower
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in patients treated with thalidomide or lenalidomide
(6). BiPN is characterized by sensory neuropathy
and neuropathic pain, reflecting damage of small
myelinated and unmyelinated nerve fibers (7).
Recent studies suggested that subcutanecous BTZ
administration reduces the incidence and severity
of BiPN, but the number of observations is still
relatively low and follow-up quite limited (8).

A remarkable feature of BiPN is that its frequency
is much higher in MM patients than in those with
solid tumors, and this might reflect important
aspects of its pathogenesis (9). Neuropathy in
patients with MM before chemotherapy treatment
involves individual and disease-related causes
(10). The mechanism of BiPN and the interplay
existing between drug administration and possible
MM-related nerve damage are still unclear, but a
multifactorial pathogenesis seems likely (5, 11).

To investigate this complex issue we first
characterized the cytotoxicity of BTZ on human
MM cells (12) and, based on our already established
mice immunocompetent model reproducing BiPN
(13), we set up a new human MM xenograft murine
model, where the effect of MM on the peripheral
nervous system with or without BTZ administration
was investigated.

MATERIALS AND METHODS

Experiments were performed using immunodeficient
C.B-17/Prkdcscid (SCID) mice (17-20g, Harlan Italy,
Correzzana, Italy). Animals were handled and housed
according to national (Italian Legislative Decree 26/2014,
Gazzetta Ufficiale della Repubblica Italiana, No 40,
February 18, 1992 and subsequent modifications) and
international laws (EEC Council Directive 86/609; Italian,
1992; Guide for the Use of Laboratory Animals, U.S.
National Research Council, 8" ed. 2011). The experimental
plan was approved by the Ethics Committee for Animal
Studies of the University of Milan Bicocca (approval
ID: 0015349/12), and the guidelines for investigation of
pain in animals from the International Association for
the Study of Pain (IASP) were followed (14). Animals
were housed at the University of Milan Bicocca U8
limited access animal facility in environmentally enriched
ventilated cages with a 12-h light/dark cycle and food and
water access ad libitum.

Drug
Bortezomib (LC Laboratories, Woburn, MA, USA)

was solubilized in a vehicle solution composed by absolute
ethanol/tween80/saline  (5/5/90%) before each drug
injection and it was intravenously administered attaining
to a treatment schedule adapted from Carozzi et al. (13).

Experimental design

The study was designed to characterize the BiPN
in SCID mice, and to describe antitumor activity and
neurotoxicity of BTZ in the same MM-bearing murine
model. The animals were randomized in 4 groups:
untreated control animals (CTRL, n=8), BTZ-treated
mice (BTZ, n=8); animals treated intravenously with
BTZ 1 mg/kg once a week for 5 weeks), untreated MM
mice (myeloma, n=8) and BTZ-treated MM-bearing
mice (myeloma+BTZ, n=8). Human RPMI§226 MM
cells were grown in floating culture in RPMI medium
(EuroClone SpA, Pero, Italy) containing 10% fetal
bovine serum (Hyclone Laboratories, Inc., Logan, UT),
penicillin and streptomycin (EuroClone SpA, Pero, Italy).
At the beginning of the study the animals in the myeloma
and in the myeloma+BTZ groups were subcutaneously
injected in the flank with 1x107 RPMI8266 cells, and BTZ
treatment was started when the tumor was measurable.
Caliper measurement of the tumor diameters was
performed once a week to estimate the tumor volume
according to the following formula: '2 [(length (mm) x
width (mm)]>. Animals were sacrificed if the tumor was
> 2 c¢m?® or if ulceration/necrosis occurred. During all
the experiment the outcome parameters described in the
following sections were assessed.

General toxicity

The general toxicity was assessed daily in mice by
examinations for clinical signs. Moreover, body weight
changes were measured weekly for the assessment of
mice general health and BTZ dose adjustment.

Nerve conduction studies

At baseline and at the end of the treatment period,
caudal and digital nerve conduction velocity (NCV) was
determined using an electromyography apparatus (Myto2
ABN Neuro, Firenze, Italy) as previously described in the
immunocompetent model (13). Briefly, caudal NCV was
assessed by placing two recording electrodes proximally
on the tail and simultaneously two stimulating needle
electrodes were placed 3.5 cm distal to the recording
electrodes. Moreover, the digital NCV was evaluated in
the hind paw by placing the recording electrodes near the
ankle and the stimulating electrodes in the fourth toe near
the digital nerve.

Mechanical nociceptive threshold
At the end of experiment, the mechanical detection
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threshold was measured by Dynamic Aesthesiometer
test (model 37450, Ugo Basile Biological Instruments,
Comerio, Italy) to assess the occurrence of neuropathic
pain (allodynia) as previously described (15). Briefly,
the mice were positioned in a plexiglas chamber on a
wire platform, and a metallic filament was placed under
the plantar surface of the hind paw of the animals. The
filament induced a progressively increasing pressure with
a gram force ramp of 1g/sec under the paw of the mice. The
latency of paw-withdrawal of the mice was recorded as
the mechanical nociceptive threshold index. The filament
was applied three times to each paw and an average of
measures indicated the value for each animal.

Histological methods

At the end of the study, the animals were sacrificed
and sciatic nerve and dorsal root ganglia (DRG) samples
were harvested and processed according to previously
reported protocols (13, 16). Briefly, nerves and DRG were
fixed in 3% glutaraldehyde and 4% paraformaldehyde/2%
glutaraldehyde, respectively, and embedded in epoxy
resin. Light microscopy observation was carried out
on 1 pm-semi-thin sections stained with toluidine blue
using a Nikon Eclipse E200 light microscope (Nikon,
Firenze, Italia). Morphometric analysis was performed on
DRG sensory neurons obtained from mice belonging to
all experimental groups (13, 17) and, similarly, the size
of axons and entire myelinated fiber was measured in
sciatic nerve specimens in order to calculate the g-ratio,
expressed as axonal diameter/entire fiber diameter (17).

To validate the MM xenograft model, at the time

of sacrifice tumors were excised, fixed in 10% buffered
formalin and embedded in paraffin according to standard
histological techniques. Sections were stained with rabbit
monoclonal anti-human protein IRF4 antibody (MUM 1p)
(1:1000, Dako, Carpinteria, CA, USA) directed against the
product of the homologous gene involved in the myeloma-
associated t(6;14) (p25;932) (18).

Statistical analysis

Body weight changes, electrophysiological analysis,
behavioral test and morphometric analysis of DRG
and sciatic nerves were statistically analyzed by One-
way ANOVA, Tukey—Kramer post hoc-test, using the
GraphPad 3.0 software (GraphPad Software, La Jolla, CA,
USA,; significance level was set at p<0.05).

RESULTS

General toxicity of BTZ treatment
BTZ-treatment was well tolerated by the animals
and no distress signs or mortality were observed.

No significant decrease of BTZ-treated animals’
body weight was detected in comparison with
the control group at each time point till the end of
BTZ-treatment. Moreover, no significant weight
change was observed in the myeloma or in the
myeloma+BTZ groups (data not shown).

BTZ effect on tumor growth

The inoculation of 1x107 RPMI 8226 MM cells
raised the onset of a measurable tumor in 80% of the
exposed animals after 3 weeks. The average tumor
volume was 128 mm’ = SD 70.9 at the beginning
of treatment. As shown in Fig. 1, the neurotoxic
schedule of BTZ treatment was able to effectively
inhibit tumor growth (p<0.05 vs CTRL at day 7, 21;
p<0.01 vs CTRL at day 14, 28).

Neurophysiological assessment

No difference between the groups was observed
in the caudal or digital NCV at baseline (data not
shown). BTZ-administration induced a significant
reduction in both caudal and digital NCV (Fig. 2A-
B) and a significant decrease was also observed in
myeloma+BTZ mice (Fig. 2A-B). However, it is
remarkable that in the untreated animals belonging to
the myeloma group a significant decrease in digital
NCV vs CTRL animals was also recorded (Fig. 2B;
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Fig. 1. Evaluation of antitumor activity of bortezomib
on myeloma growth in vivo. Groups: untreated myeloma
mice (myeloma), BTZ-treated myeloma mice groups
(myeloma+BTZ) (mean values £ SEM).



118 C.MEREGALLIET AL.

A Caudal NCV

40+

misec
n
o
1

p°<0.001 vs CTRL

i Digital NCV

304

m/sec

20

104

p°<0.01 vs CTRL
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Fig. 3. Analysis of mechanical allodynia by dynamic test.
Groups: untreated controls (CTRL), untreated myeloma
mice (myeloma), BTZ-treated mice (BTZ) and BTZ-
treated myeloma mice groups (myeloma+BTZ) (mean
values £ SEM).

p<0.01).

Pain sensibility
At the end of BTZ-treatment, the BTZ-treated
mice showed a significant decrease of mechanical

Fig. 4. Histopathological characterization of inoculated
plasmacytoma. A monoclonal antibody (MUMIp) was
used to detect the expression of MUMI1/IRF4 protein in
the plasmacytoma.

threshold in respect to the control animals (Fig.3;
p<0.05 vs CTRL), while the presence of MM
in untreated mice did not alter their mechanical
threshold.

Histopathology
Immunocytological staining of specimens
from MM-bearing mice confirmed the growth of



Journal of Biological Regulators & Homeostatic Agents

119

Fig. 5. Morphological evaluation of sciatic nerve. The degeneration of fibers in the BTZ-treated animals (C, D) and in
the myeloma-bearing mice (B) was indicated by arrows. Groups: (A) control mice; (B) myeloma-bearing mice; (C) BTZ-

treated mice; (D) BTZ-treated myeloma-bearing mice.
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Fig. 6. Evaluation of frequency distribution of the fiber g-ratio by morphometric assessment. Groups: control (CTRL),
untreated myeloma mice (myeloma), BTZ-treated (BTZ) and BTZ-treated myeloma-bearing mice groups (myeloma+BTZ).

inoculated tumor cells, with MUMI1p expressed in
the nuclei and cytoplasm of plasma cells and a small
percentage of germinal center B cells (Fig. 4).

At the end of treatment period sciatic nerve
examination of the BTZ-treated animals showed the
occurrence of axonal degeneration of myelinated
fibers intermingled with fibers with a normal axon
but an apparent reduction of myelin thickness (Fig.

5C,D). Remarkably, these pathological aspects
were present also in the specimens collected from
the MM-bearing animals, but not treated with BTZ,
although the severity of the pathological changes
was less marked (Fig. 5B).

The morphometric analysis of sciatic nerve fibers
which did notundergo axonal degeneration evidenced
a shift to the right of fiber g-ratio distribution in
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Fig. 7. DRG morphological observation. Intracytoplasmatic vacuolization of satellite cells was indicated by arrows and
neuronal degeneration was shown by circle in BTZ-treated and myeloma-bearing mice. Groups: (A) control mice, (B)
myeloma-bearing mice; (C) BTZ-treated mice; (D) BTZ-treated myeloma-bearing mice.
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Fig. 8. Morphometrical analysis of soma (A), nucleus (B) and nucleolus (C) of DRG. Groups: untreated controls
(CTRL), untreated myeloma-bearing mice (Myeloma), BTZ-treated mice (BTZ), and BTZ-treated myeloma-bearing mice
(myeloma+BTZ) (mean values + SEM).
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BTZ, myeloma and myeloma+BTZ groups (Fig. 6).
This shift reflected a significant increase of g-ratio
value in BTZ (p<0.01 vs CTRL), myeloma (p<
0.001 vs CTRL) and myeloma+BTZ (p<0.001 vs
CTRL) mice groups and it was in agreement with the
morphological observations suggesting the reduction
of myelin thickness in non-degenerating myelinated
fibers.

Light microscopic examination of DRG collected
from BTZ mice at the end of the experiment showed
cytoplasmic vacuolization in satellite cells and,
more rarely, degeneration of sensory neurons (Fig.
7C); moreover, similar pathological changes were
confirmed in the myeloma+BTZ mice (Fig. 7D),
while DRG obtained from the myeloma animals had
a normal appearance.

The morphometric evaluations of BTZ-treated
DRG sensory neurons showed a statistically
significant increase in somatic (p<0.001) and
nucleolar (p<0.001) size compared to their controls
(Fig. 8A,C). By contrast, a significant decrease of
somatic, nuclear and nucleolar size in myeloma mice
compared to CTRL was evidenced (Fig. 8A-C), while
a significant increase in both somatic and nucleolar
size in myeloma+BTZ mice was observed (p<0.001
vs CTRL). A significant increase of somatic, nuclear
and nucleolar sizes was reported in myeloma+BTZ
mice compared to myeloma (p<0.001).

DISCUSSION

BTZ has remarkably improved MM patient
survival,butBiPNisstillaseriousand potentially dose-
limiting side effect despite the lower neurotoxicity of
subcutaneous administration (19). The mechanisms
underlying BiPN are still unknown, although it was
demonstrated that they include direct DRG toxicity
and nerve fiber damage (20), and that the severity
of BiPN is remarkably different when the drug is
used to treat MM than solid tumors. This incomplete
knowledge coupled with the evident clinical need
indicate the importance of a deeper understanding
of BiPN pathogenesis, also using innovative animal
models encompassing both MM and BTZ effects
(21). The reason for the use of the more complex
model described in this study relies on the possible
“paraneoplastic” effect of cancer, i.e. neurological
damage in the absence of direct nerve invasion.

Several animal studies evaluated the effects of BTZ
on the peripheral nervous system. For instance,
recent studies in immunocompetent BALB/c and
Swiss OF1 mice (13, 22) extensively examined the
features of animal BiPN using electrophysiological,
behavioral and pathological methods. However,
no animal studies were performed on MM-bearing
animals, thus overlooking the complex nervous
impairments typical of BTZ-treated MM patients.

The aim of this work was to move a substantial
step forward in animal models of BiPN through the
characterization of'its neurophysiological, behavioral
and neuropathological features in MM-bearing SCID
mice to perform studies on the neurotoxicity of BTZ
and on its antineoplastic activity against cancers of
human origin. The selected dose of BTZ and the
treatment schedule were based on our previous study
on immunocompetent mice (13).

In the present work a significant inhibition of
tumor growth was achieved in BTZ-treated mice,
as reported in several murine xenograft models
(23, 24) and this occurred at neurotoxic doses. In
fact, in agreement with previous preclinical studies
on immunocompetent mice (13, 22, 15, 25), BTZ-
treatment induced evident neurophysiological
changes consistent with the development of a
sensory, painful neuropathy with axonal and myelin
damage. All these experimental features are in
substantial agreement with the results observed
in clinical practice (4, 26). Moreover, it is a well
accepted concept in clinical neurology that patients
affected by MM frequently show a length-dependent
peripheral neuropathy (27), and also this feature was
reproduced in our model. In particular, recent clinical
study demonstrated the development of subclinical
neuropathy in treatment-naive patients with MM,
associated with peripheral innervation involvement
(10).

Remarkable pathological changes were also
observed in the DRG of BTZ-treated mice, and
the morphological observations were supported by
the morphometric demonstration of a significant
enlargement of the neuronal cell body and of the
nucleolus in comparison with healthy untreated
controls. Moreover, similar increase in somatic and
nuclear size was observed in other immunocompetent
and immunodeficient strains such as Balb/c,
CDl1 and Hola Hsd Nu nu mice examined in our
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laboratory (Meregalli C, personal observation),
possibly representing the effect of a secondary
compensatory up-regulation of proteasome subunit
expression (28) induced by BTZ administration. In
fact, Palanca et al. (29) reported in an acute model
of BiPN a nucleolar hypertrophy as a compensatory
activation of the nucleolar transcription in response
to proteasome inhibition in DRG. Furthermore,
Bruna and collaborators in a similar animal model
demonstrated an increased proportion of medium to
large size peptidergic DRG neurons, interpreted as a
dynamic adaptive response of damaged neurons to
BTZ exposure (22). Casafont et al. (30) demonstrated
in DRG neurons of BTZ-treated animals an
accumulation of ubiquitylated proteins and retention
of poly(A) RNAs in nuclear granules, with a relevant
dysfunction of transcription and RNA processing in
the neuronal population. These events occurring at
the intracellular level have already been reported
also in non-neuronal cells treated with proteasome
inhibitors (31).

It is remarkable that our results show that not
only peripheral nerves, but also DRG neurons
harvested from MM-bearing mice were significantly
different from those obtained from control animals,
showing generalized atrophy. While nerve damage
in MM patients is well known, this effect of MM
on DRG neurons has never been demonstrated at
the morphometric level, although it is was reported
as early as in 1958 that post-mortem DRG neurons
obtained from MM patients were altered (32). The
neurotoxic mechanisms of the different response of
DRG cells to damage induced by BTZ and/or MM
itself remain unclear and will require further studies,
although it should be noted that BTZ administration
is able to overcome the effect on DRG neurons when
the drug is administered in MM-bearing mice.

In conclusion, our study demonstrates that BTZ
has significant in vivo antitumor activity at doses that
are tolerated by mice and are neurotoxic. Therefore,
this model represents a new in vivo tool to study
the pathogenesis of BiPN in a clinically-relevant
setting, extending the information actually available
in literature. Thus, this model might be exploited to
perform a realistic and reliable assessment of the
effectiveness and non-interference of neuroprotective
agents during BTZ treatment. Finally, even if BTZ
neurotoxicity is now more easily manageable,

since BiPN might well represent a class-effect of
proteasome inhibitors and side effects similar to
BiPN might hamper the development and use of new
effective drugs, the knowledge achievable through
this model might also benefit new therapeutic
developments.
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TRANSCRIPTIONAL ACTIVITY OF NEUTROPHILS EXPOSED TO HIGH DOSES OF
COLCHICINE: SHORT COMMUNICATION
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Colchicine is an antimitotic drug which binds to tubulin and at high doses results in cytoskeleton
disruption. Colchicine is believed to be an anti-inflammatory agent, though its modulatory effects on
the level and transcriptional activity of genes is still a matter of debate. There is growing evidence
that alterations in the cytoskeleton exert specific effects on the expression of various genes. This study
was undertaken to analyze whether disrupting the microtubule cytoskeleton by colchicine modulates
transcriptional levels of MEFV, NF-kB p65, NLRP3, HMGBI, and caspase-3 in neutrophils from
patients with familial Mediterranean fever (FMF) and healthy subjects. In the present study, colchicine
caused increased expression of NLRP3 (p=0.007) and MEFV (p=0.03), but had no effect on caspase-3,
NF-kB p65 and HMGBI1 genes in healthy neutrophils. FMF neutrophils were less responsive to the drug
treatment. This study supports the hypothesis that, being an anti-inflammatory agent, colchicine at
relatively high concentrations might lead to the activation of pro-inflammatory signalling pathways in

neutrophils.

Cellular activity is partly regulated by the
internal organization of the cytoskeletal network
(tubulin, actin, filaments) (1), and many intracellular
signalling pathways require the correct working of
this network to become specific and efficient (2).
Disruption of the cytoskeleton results in signal
impairment. The antimitotic agent colchicine (COL)
is an alkaloid which acts intracellularly to alter
microtubule dynamics. Colchicine binds specifically
to tubulin, inhibiting its polymerization into
microtubules (3), and at high concentrations causes
microtubule depolymerization (4). It is a well-known
drug for treatment and prophylaxis of inflammatory

disorders such as acute gout, pseudogout or Behget’s
disease (5). COL is not the first-line treatment for
these diseases because of its serious side effects (6);
for familial Mediterranean fever (FMF), however,
it is the drug of choice, allowing extended periods
of remission as well as preventing amyloidosis,
the main and potentially lethal complication of the
disease (7).

FMF is a hereditary autoinflammatory syndrome
characterized by seemingly unprovoked acute
attacks of polyserositis and fever followed by attack-
free periods. FMF is caused by mutations in the
MEFYV gene encoding the protein pyrin (8, 9) which
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is expressed primarily by cells of myeloid lineage,
mainly polymorphonuclear neutrophils (PMNs),
eosinophils, and monocytes (8). Through cognate
pyrin domain association, pyrin interacts with ASC
(apoptosis-associated speck-like protein with a
caspase recruitment domain) and thus participates in
the regulation of apoptosis, inflammation, and cytokine
processing (10). Evidence of pyrin association
with microtubules and actin filaments has led to the
suggestion that pyrin can regulate inflammation also
at the level of the leukocyte cytoskeleton (11).

COL is thought to inhibit various functions of
neutrophils,including mitosis, adhesion, migration,and
phagocytosis (12). Another mechanism by which COL
exerts its anti-inflammatory properties is inhibition of
monosodium urate (MSU) crystal-induced NALP3
inflammasome-driven caspase-1 activation (13).
While other, i.e. antimitotic, properties of colchicine
are well known, its effect on gene expression is still
a matter of debate (14, 15). Our recent study was
concerned with the in vivo effects of high doses of
COL on late transcriptional activity of several target
genes. The obtained data showed selective increase of
IL-1B and IL-8 mRNAs in healthy and FMF PMNss,
and decreased expression of caspase-1 in FMF PMNs
(16). In the present study, we continued our ongoing
investigation of modulatory effects of COL on mRNA
transcripts of MEFV, nuclear factor kappa B subunit
NF-kB p65 (RELA), NLR family, pyrin-containing
domain 3 (NLRP3), high-mobility group box 1
(HMGBI), and caspase-3 (CASP3) were evaluated in
colchicine-treated peripheral PMNSs in vitro.

MATERIALS AND METHODS

Study subjects

Sixteen FMF patients in remission (12 males, 4 females;
age 14-41 years, mean age 24.2 years) were enrolled in
the study. Clinical diagnosis and definition of the disease
period were based on the Tel-Hashomer criteria. Genetic
confirmation of the MEFV mutations was performed at
the Centre of Medical Genetics, Yerevan, Armenia. All
patients were treated with colchicine (1.0-1.5 mg per
day). The control group included 11 sex- and age-matched
healthy individuals without a family history of FMF (7
males, 4 females; age 22-39 years, mean age 27.3 years).
The study was approved by the Ethics Committee of
the Institute of Molecular Biology of the NAS RA
(IRB IORG0003427) and written informed consent was
obtained from all subjects.

Preparation and culture of neutrophils

Neutrophils were isolated from blood by density
gradient centrifugation using Histopaque-1077 (Sigma,
St. Louis, USA). Neutrophils (5x10° cells/mL) were
cultured at 37°C in RPMI 1640 supplemented with 10%
foetal calf serum, 2 mmol/L L-glutamine, 1 mM sodium
pyruvate, 5 mM HEPES, 100 units of penicillin, and 100
ug of streptomycin in the absence or presence of 1 g/
mL Colchicine (Sigma) in a total volume of 1 mL for 24
hours. After stimulation, neutrophils were washed once
with cold PBS and stored in 150 pLL of RNAlater (Qiagen,
Hilden, Germany) at -20°C until RNA extraction.

RNA extraction and RT-gPCR

Isolation of total RNA, cDNA synthesis, and real-time
RT-qPCR were conducted as previously described (17).
PCR assays were conducted with predeveloped TagMan
assay primers and probes (NLRP3: Hs00918082 ml,
RELA: Hs00153294 ml; Applied Biosystems) and
(CASP3: Hs.PT.47.2840197, HMGB1: Hs.PT.47.1940089;
Integrated DNA Technologies) or were self-developed with
the following oligonucleotide sequences: PSMB2 (forward)
-5’-AGA GGG CAG TGG AAC TCC TT-3°, PSMB2
(reverse) —5°-AGG TTG GCA GAT TCA GGA TG-3’,
PSMB2 LNA probe #50; RPL32 (forward) - 5°-GAA GTT
CCT GGT CCA CAA CG-3’, RPL32 (reverse) - 5’-GCG
ATC TCG GCA CAG TAA G-3°, RPL32 LNA probe #17;
MEFV (4-5 exons) (forward) —-5’-GGA GAA GGC AGT
GAG CTT TC-3’, MEFV (reverse) —5’-TGC TGC TCC
AGG AAG TAG TAC A -3’, MEFV LNA probe #78. The
RPL32 gene was used as a reference gene for normalization
of targeted mRNA quantification data in circulating
neutrophils; a human universal reference RNA (Stratagene,
LaJolla, USA) was used as the calibrator at a concentration
of 1.25 ng of RNA/reaction in quadruplicates. Relative
expression was calculated using the second derivative
method (Rotor Gene software 6.1.71, Corbett Research).

Statistical analysis

Statistical analyses were performed using the
statistical software Graph Pad Prism 5.01 (Graph Pad
Software, San Diego, USA). The results are expressed
as the mean = SEM. Data were compared using paired
(unstimulated versus stimulated) and unpaired (all other
comparisons) Student’s #-tests. P-values <0.05 were
considered as significant.

RESULTS

Effect of colchicine on the expression of RELA,
MEFYV, CASP3, NLRP3 and HMGBI1 mRNAs

To evaluate the effects of COL on gene expression
known to be involved in inflammation and apoptosis,
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Fig. 1. Scatterplots showing effects of COL on gene expression by PMNs isolated from FMF patients and healthy subjects
as assessed by RT-qPCR. Isolated blood neutrophils from 16 patients with FMF in remission and 11 healthy controls
(Cont) were cultured for 24 h in the presence and absence of COL (1ug/mL). The expression of genes of interest was
normalized to that of RPL32. Horizontal bars represent the mean values for each group

neutrophils from FMF patients and healthy controls
were treated with 1 ug/mL of colchicine for 24 hours.
COL significantly up-regulated expression of NLRP3
(untreated vs treated; 0.013+£0.005 vs 0.072+0.017,
p=0.007) and MEFV (0.004+0.001 vs 0.013+0.003,
p=0.03) genes in the cells from healthy subjects;
by contrast, NF-xB p65, caspase-3 and HMGBI1
transcripts did not show any modulation (p>0.05). In

patient cells, COL had no significant effect on the
studied target genes (Fig. 1).

Genes expressed differentially between FMF patients
and control subjects

When comparing samples from healthy and
diseased cells cultured with COL, differences in gene
expression between the two groups were observed.
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However, the differences were not robust enough to
generate an acceptable p-value. Expression of three
genes was altered in the cells cultured only with
media with a predominant up-regulation in patients.
The genes differentially expressed between patients
and controls cultured only in media (control culture)
were NF-kB p65 (controls vs patients; 0.144+0.029
vs 0.396+0.069, p=0.009), NLRP3 (0.013+0.005 vs
0.086+0.020, p=0.01) and CASP3 (0.052+0.012 vs
0.160+0.037, p=0.05) which were up-regulated in
the patient group (Fig. 1).

DISCUSSION

Colchicine has a range of biologic and
pharmacologic effects, mostly in preventing FMF
attacks and a serious complication called systemic
amyloidosis AA (7, 18). COL exerts various anti-
inflammatory effects mostly related to microtubule
disruption and depolymerization in a dose-dependent
manner (3, 4, 12). Having observed the capacity of
COL to induce the expression of a number of pro-
inflammatory genes (16), we intended to analyze the
influence of this drug on expression of MEFV, NF-
kB p65, NLRP3, HMGBI, and caspase-3 genes.

Inastudy by Martinonetal.,administration of COL
produced anti-inflammatory effects by suppressing
the production of IL-1f in MSU crystal-induced
model, along with unchanged levels of pro-IL-13
(13). Similar results were reported in our previous
study with regard to decreased mRNA transcripts
of caspase-1 (16), which might be an important
downstream mechanism to control inflammation
through the reduced IL-1§ maturation. However, up-
regulated expression of NLRP3 in the present study
does not completely support this concept. Increased
expression of pro-inflammatory mediators exposed
by COL can be explained by reorganization of the
microtubule network. There is growing evidence
that IL-1P expression and cytoskeletal associations
are interrelated (19). Furthermore, cytoskeleton
disruptors may directly alter mitochondrial functions
and thereby lead to mitochondrial destabilization and
damage which was found to be required for NLRP3
inflammasome activation (20). At first glance, the
activation of certain pro-inflammatory mediators in
vitro seems rather contradictory to the conventional
view that COL is an anti-inflammatory agent.

However, a number of isolated reports have already
suggested additional effects of Col on leukocytes and
showed activation of pro-inflammatory signalling
pathways in neutrophils (16, 21).

FMF is caused by abnormal activation of
leukocytes, and unprovoked trafficking of these cells
into the affected sites (9, 18). Whether efficacy of
COL in FMF is limited by its antimitotic activity is
still unclear. It is accepted that this protein is a part of
colchicine-sensitive inflammatory pathway. There is
a possibility that microtubule dynamic changes have
specific effects on MEFV gene expression. Indeed,
we demonstrated increased mRNA levels of MEFV
after COL treatment in healthy PMNs, which is in
contrast with data showing no enhanced effect of this
drug in these cells (8). The discrepancy may arise
in part from differences in the COL concentrations
used. Furthermore, the expression patterns of the
MEFV gene are dependent on the cellular source.
For example, MEFV is up-regulated upon COL
exposure in monocytes (8) and peritoneal fibroblasts
(22). Compared to healthy cells, FMF neutrophils
were less responsive towards the drug. Among the
possible reasons that could account for the observed
‘hyporesponsiveness’ of FMF cells to COL is
drug accumulation in these cells due to colchicine
treatment received by all the studied FMF patients.

Need to note here that FMF neutrophils, when
cultured alone in RPMI media, displayed elevated
mRNA levels of NF-«kB p65, NLRP3, and caspase-3
compared to healthy PMNSs. These results are consistent
with our previous data (16, 17) showing high sensitivity
of FMF neutrophils towards stress conditions, thus
suggesting that increased activation of FMF neutrophils
might be due to the host-derived ligands.

Although the importance of the actin
cytoskeleton in the execution phase of apoptosis
(i.e. release/retraction; blebbing; fragmentation)
is well established (23), the significance of
microtubules in the executive phase of apoptosis is
still a matter of debate. Recent studies have revealed
that microtubules have important contributions
in late apoptosis, and caspases are important in
coordinating apoptotic microtubule dynamics (24).
It has been shown that colchicine at micromolar
doses can induce apoptosis in a number of cells (25,
26), mainly through intrinsic pathway (26). Altered
mitochondrial functions caused by cytoskeleton
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disruption contribute to the release of pro-apoptotic
signals and caspase-3 activation (27). In our study,
however, the microtubule disrupting agent had no
effect on caspase-3 levels, which is in consistence
with the results demonstrating the absence of COL-
induced alteration of the apoptotic rate of neutrophils
(data not shown).

In conclusion, COL-mediated cytoskeleton stress
may play a modulatory role on the expression of
inflammatory genes and exert specific and opposite
effects in a dose-dependent manner, being dependent
on the cellular source and experimental conditions;
the mechanisms of its action are more complex
than initially thought. Further understanding of the
molecular mechanisms by which COL interferes
with inflammatory pathways should be sought.
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In recent years, more and more scholars tend to study neuroblastoma (NB) since it possesses increasing
morbidity, but lack of effective treatment. This paper aims to investigate variation and clinical significance
of the neuron-specific enolase (NSE) and lactic dehydrogenase (LDH) level in serum of children with NB
before and after Auto Peripheral Blood Stem Cell Transplantation (APBSCT). A total of 90 children with
NB from various hospitals were included in this research, and we analyzed the relationship between levels of
NSE and LDH and the change of disease by comparing the two levels before and after APBSCT treatment.
The results indicated that the positive rate of NSE in serum was high before treatment, and the levels of
NSE and LDH were remarkably higher than those when the treatment was valid; after comprehensive
treatment of chemotherapy, excision and radiotherapy, there was a significant difference of NSE and LDH
levels in serum between children with complete remission (CR) and those with partial remission (PR);
however, no significant differences of NSE and LDH levels were found among children in progressive stage
compared to before treatment. It is believed that NSE and LDH levels are associated to the recurrence
and treatment effect of NB, proving that both can reflect tumor load, therefore they can be taken as the

auxiliary indicators for monitoring curative effects of NB treatment.

Neuroblastoma (NB) mostly occurs in childhood,
originates from primitive neural crest cells, composed
of undifferentiated sympathetic nerve cells (1-3).
Usually, NB is discovered in the advanced stage
since it is prone to transfer in the early stage. Few
children can be partially remitted, and the disease
is more likely to recur even when the children are
completely remitted after comprehensive treatment
such as conventional chemotherapy. It is reported
that NB patients show high positive rates of NSE in
serum. Moreover, other studies have found that LDH

is related to the stages of NB and tumor load (the
ratio of tumor volume and body surface area) (4, 5),
to date, few researchers have studied the relationship
between NSE in serum and the curative effect of
APBSCT treatment of children with advanced-stage
NB, therefore, we undertook this research. This
study, based on the analysis of clinical data of 90
children with advanced stage NB after being treated
by high dose chemotherapy (HDCT) combined with
APBSCT, discusses the influence of NSE and LDH
levels in serum together with the change of NB.
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MATERIALS AND METHODS

Study subjects

A total of 90 children [45 males and 45; ages ranging
from 1.4 to 14.2 years (mean 6.5+3.4 years)] from various
hospitals who had been diagnosed as advanced-stage NB
were included in this study; onset to transplant ranged
from 4 to 72 months (mean 11.042.3 months). With regard
to primary sites, 35 cases were in the retroperitoneum, 40
cases in the paranephros, 14 cases in the breast, and 1 case
in the chest and abdomen.

Clinical data

All children were treated by powerful induction,
consolidation  chemotherapy, surgery and local
radiotherapy for 4~18 months (mean 9+4 months) before
transplant. Before transplant, 41 cases were in complete

Fig. 2. Specimen of neuroblastoma before treatment.

remission (CR) stage, 33 cases in partial remission (PR)
stage, and 16 cases in tumor progressive stage. Of the
41 cases in CR stage, 35 cases remained in continuous
CR; another 6 cases recurred one year after the operation
but were still sensitive to the chemotherapy and they
survived with tumor. Of the 33 cases in the PR stage, 25
cases recovered after attaining CR, and another 8 cases
remained PR (5 cases out of these 8 cases died 8 months
later because of metastasis in the brain, and the remaining
3 cases survived with tumor). Of the 16 cases in the
progressive stage, 1 patient died 5 days after the bone
marrow transplant suppression period because of cardio-
pulmonary failure; the remaining 15 cases temporarily
remitted, but then died at different times due to metastasis
of the cytoma.

Research methods

Clinical materials of the recruited children was
collected. We aimed to analyze the variation of NSE level
in serum of the peripheral blood before and after APBSCT,
and discuss the relationship between NSE and LDH. NSE
was detected by ECLIA, and its normal reference value
is 0 ~ 15.2ug/L, and LDH by automatic biochemistry
analyzer based on velocity method.

Statistical analysis

Data analysis was performed by SPSS 19.0 software.
Mean of the three groups of samples was compared
by t-test. p<0.05 was considered to have statistical
significance. Spearman rank correlation analysis was used
in correlation analysis.

RESULTS

Figs. 1, 2 and 3 show two cell samples from
children with NB, reflecting the variation of NB

Fig. 3. Specimen of neuroblastoma after treatment.
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before and after APBSCT. This comparison is
beneficial to the following analysis of the results and
disease discussion.

Analysis of the condition of the children before
treatment

NSE in serum of children with advanced-stage
NB exhibited high positive rate (82/90), (NSE is
positive when >15.2ug/L). NSE and LDH levels were
remarkably higher than those when the treatment
was valid (P<0.01).

After the comprehensive treatments of
chemotherapy, excision and radiotherapy, the NSE
level of NB in different stages (CR stage, PR stage
and progressive stage) before APBSCT treatment
was analyzed as follows: (1) NSE and LDH levels
of children in CR stage had significant difference
compared to those in PR stage (P<0.05); (2) NSE and
LDH levels in the progressive stage of tumor had no
significant difference compared to before treatment
(P>0.05) (Table I).

Conditions of children after treatment

After treatment with APBSCT, 1 child in the
progressive stage died 5 days after transplant because
of cardio-pulmonary failure, and the other 89 cases
were detected with NSE and LDH levels two weeks
after surgery (Table II).

The relationship between NSE and LDH level in
serum

NSE levels of 90 children were 10.2~576 pg/L
at the first visit, and the Spearman rank correlation
analysis showed that NSE was positively correlated
with LDH levels (r=0.05, P<0.01).

DISCUSSION

NB, as a malignant tumor, has high incidence
among children, together with leukemia and
lymphoma. NB tends to lead to multiple metastasis
in the early stage, and what is worse, children who
receive treatment in the advanced stage are less likely
to recover, most of them having recurrence even
when the disease has stablilised (6, 7). Worldwide
reports show that, for children in CR stage, the
disease-free survival of 5 years could only improve
30% ~ 50% after treatment of SCT, sensitizing
antibody combined cell factors GM-CSF and IL-2.
Similarly, it has also been reported in China that, for
children in NB later period, the disease-free survival
of 4 years could only improve 29.2% by high dose
of pretreatment of chemotherapy and HSCT based
on excision and local radiotherapy (8). Therefore,
early diagnosis, early treatment and recidivation
monitoring of NB are all helpful to improve curative
effects and prognosis.

Table 1. Age distribution and comparison of NSE and LDH level in serum of children in different clinical stages before

transplant.
Clinical stages Case number Age NSE(ug/L) LDH(U/L)
CR stage 41 6.28+2.26 14.04+3.02a 226.71£1.19a
PR stage 33 6.70+2.75 23.40+2.69a 329.00+0.55a
Progressive stage 16 6.49+5.64 48.19+5.28b 391.94+1.53b

a:(P<0.05); b (P>0.05)

Table I1. Comparison of NSE and LDH level in serum before and after transplant of 17 cases (x+s).

Stages before Case number Index Before After transplant P
transplant transplant

NSE 14.04+3.02 13.47+4.15 >0.05

CR stage 41
LDH 226.71£1.19 140+3.52 <0.05
NSE 23.40+2.69 17.40+3.55 <0.05

PR stage 33
LDH 329+0.55 235.83+4.45 <0.05
Progressive 15 NSE 48.19+5.28 30.44+5.28 >0.05
stage LDH 391.94+1.53 333.75+6.39 >0.05
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NSE belonging to the glycolytic enzyme normally
disperses in neurons, peripheral nerve tissue and
neurosecretory tissues, and has a high sensitivity
and specificity to NB, the increase of which often
denotes the later stage and bad prognosis (9). In this
study 90 children with later stage of NB were divided
into CR stage, PR stage and progressive stage on the
basis of the reaction to conventional chemotherapy
before transplant. A statistical significance of NSE
levels was found in children in CR stage, PR stage
and progressive stage through observing the volatility
of NSE numerical value before and after APBSCT
treatment. After the treatment, the NSE levels
decreased and tended to be normal when entering the
CR stage, and the NSE levels in serum of patients with
no remission had no obvious decrease, revealing that
it could reflect tumor load and apostasis accurately as
tumor marker. LDH, one of the important enzymes in
the glycolytic pathway existing in tumor tissue, can be
used to evaluate the size and situation of tumor load in
the whole body; therefore, detecting the LDH level in
serum is of great significance to estimate prognosis of
NB and guide treatment (10).

NB is most likely to occur in children under 5
years of age, with no specificity in early-stage clinical
manifestation. Usually, it presents as fever, anemia
and lump of unknown origin, early-stage metastasis
and difficult diagnosis. The simplest way to confirm
NB children is to detect urinary anillylmandelic acid
(VMA) and NSE in serum or by B ultrasound. Patients
with confirmed NB are seldom cured completely
by current medical means since the curative effect
and prognosis of NB is poor; hence, early detection,
diagnosis and treatment are of great importance.

This paper observed the value of LDH 0f 90 children
before and after treatment, finding that LDH levels
in serum were in the normal range or slightly higher
than when the treatment is valid, and the LDH levels in
the serum of children in the CR stage and progressive
stage were significantly higher than normal. Our study
demonstrates the positive correlation of NSE and LDH
levels, showing that NSE and LDH level can jointly act
as the auxiliary index to monitor the curative effect of
NB treatment, so as to coordinate the treatment of NB
patients and finally enhance the chance of recovery.
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Degenerative osteoarthropathy, a kind of arthrosis induced by various factors, mainly affects
articular cartilage and causes syndesmophyte formation. Its morbidity increases year by year, tending
to occur more among young people than previously. This paper mainly discusses the clinical effects
of iontophoresis of the Chinese drug in treating degenerative osteoarthropathy. A total of 296 cases
of degenerative osteoarthropathy were randomly divided into two groups (of both genders): the
iontophoresis group: the joint was treated with iontophoresis of the Chinese drug and a medium
frequency electrotherapy instrument; the frequency electrotherapy group: the joint was treated only
by medium frequency electrotherapy. The two groups were both treated for 30min once a day, for a
total of 4 weeks. The results of the study showed that, the total effective rate in the medium frequency
electrotherapy group was 74.3%, the iontophoresis group was 93.2%, indicating the curative effect of
iontophoresis of the Chinese medicine. The above finding indicates that, iontophoresis has a good clinical

effect in the treatment of osteoarthropathy and deserves to be promoted and applied.

Degenerative osteoarthropathy that is also called
osteoarthropathy, retrograde osteoarthritis and senile
osteoarthritis is a common chronic joint disease,
mostly occurring in middle aged and elderly people.
It results from the degeneration, hyperplasia of
cartilago articularis and osteophyte formation caused
by cartilago articularis degeneration and chronic
damage of joints and is characterized by arthralgia,
degeneration and restrained activity. Research data
indicates that, the prevalence rate is from 10% to
17% in 40 year-olds, 50% in over 60 year-olds, and
in over 75 year-olds it is 80%; the disease can be
permanently disabling (1). Therefore, the treatment
of degenerative osteoarthropathy arouses great
concern.

Christian et al (2) studied the mechanism of
load variation of lower limb weight-bearing joints
and found that, increasing mechanical motion and
changing biomechanics are the important factors for
the occurrence and development of osteoarthritis;
moreover, trauma such as intra-articular fracture
often induces articular cartilage injury and even
deep injury, thereby affecting subchondral bone and
blood supplies, presenting as hematoma, formation
and fibrosis of granulation tissue and new bone;
moreover, the complex function between intra-
articular tissue and mechanical stress could lead
to meniscus crush injury. There is also a study
indicating that meniscus crush injury might be related
to meniscus tear, bad knee force line and cartilage
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injury (3). Shi Xiaoming (4) et al made a summary
on the pathogenesis of osteoarthritis in relation to
the structure of cartilago articularis, the theory of
cytokines, the free radical theory, and concluded that,
its pathogenesis was complex and multifactorial.
Western medicine focuses on symptomatic and pain
relief in the treatment of osteoarthritis, and uses
nonsteroidal anti-inflammatory drugs, non NSAIDS
liniment (capsaicin) (5). Some also adopt surgery
such as joint replacement, but this causes a heavy
economical burden and considerable pain for patients.
Chinese medicine usually adopts the Chinese drug
endotherapy, external treatment, acupuncture and
the manipulation in the treatment of osteoarthritis,
which are more convenient with fewer side effects
and is more economical. At present, iontophoresis
of the Chinese medicine (6, 7), combined with
traditional Chinese medicine and local symptomatic
treatment, is widely accepted and recognized by
patients, proving to have a good curative effect.
Research indicates that, iontophoresis can stimulate
the expression of basic fibroblast growth factor
(BFGF), inhibit or improve the pathological
change of cartilage in patients with osteoarthritis
through promoting collagen matrix metabolism, and
accelerate the repair of cartilage, thereby effectively
treating osteoarthritis (4). All in all, Chinese
medicine and western medicine can both, to some
extent, relieve the pain of patients in the treatment
of degenerative osteoarthritis. but considering the
patients with degenerative osteoarthritis are mostly
middle aged and elderly people, Chinese medicine
merits more consideration

This paper observes the curative effect of
iontophoresis by treating 296 cases of degenerative
osteoarthritis with iontophoresis and medium
frequency electrotherapy, specifically analyzing its
curative effect in the perspective of statistics.

MATERIALS AND METHODS

General materials

A total of 296 cases of chronic degenerative
osteoarthritis received and treated clinically between
Oct. 2010 and Sep. 2012. Random numeric representation
was used for grouping. There were 148 cases in the
iontophoresis group and 148 cases in the medium
frequency electrotherapy group, with no significant
differences in gender, age or medical history. Patients

with pathogenic sites on neck, waist and knee accounted
for 91.6%. (1) There were 70 cases of lumbocrural pain,
including protrusion of lumbar intervertebral disc, lumbar
intervertebral disk prominence, lumbar retrogression,
vertebral compression fractures, lumbar spondylolisthesis,
etc.; patients mainly presented with lumbago, lower limb
radiation pain, pressure pain on the ischiadic nerve; in some
cases both lower extremities had intermittent or alternating
pain. Examined by CT or CR, patients were found
with lumbar intervertebral space or foraminal stenosis,
protrusion or bulging of intervertebral disc, vertebral arch
fracture, compression fracture (2). There were 75 cases
of cervical spondylosis, including herniated cervical
disc, cervical facet disorder and dislocation, degenerative
cervical lesion; patients mainly presented with neck and
shoulder pain, pain or numbness in the upper limb, aching
and limp neck, dizziness and headache, giddiness, nausea,
chest distress or pain Also when examined by CR or CT,
patients were found with vertebral artery blood-supply
schemia, protrusion or bulging of cervical intervertebral
disc, cervical degenerative lesion (3). There were 126
cases of knee osteoarthritis, including meniscus injury,
bone degeneration; patients presented with knee pain,
pain increasing when loading or going up and down, joint
swelling and stiffness, friction or crepitation when moving
joints; Also on CR or MRI examination, patients were
found with meniscus injury, hyperostosis, uneven articular
surface, synovial hypertrophy or episome formation. (4)
There were 25 cases with pathogenic sites on other parts,
including thoracic vertebra, shoulder, elbow, wrist, etc.

Therapeutic method

The iontophoresis group: local joint was treated
by iontophoresis with liquid drug+medium frequency
electrotherapy, with 30 min/time, 1 time/ day, for a total of
4 weeks The medium frequency electrotherapy group: the
electro-therapeutic apparatus used in medium frequency
eletrotherapy group was the same as for the iontophoresis
group; this group was treated with medium frequency
electrotherapy, for 30 min, 1 time/day, for a total of 4
weeks. Neither group received any other type of treatment
during this period.

The formula of the liquid used for iontophoresis is:
fructus psoraleae 30 g, angelica sinensis 20 g, ligusticum
wallichii 15 g, radix achyranthis bidentatac 15 g,
flowers carthami 10 g, frankincense 10 g, myrrh 10 g,
notopterygium root 15 g, radix angelicae pubescentis 15
g, radix sileris 15 g, spina gleditsiae 10 g, woodlouse 10 g,
teasel 20 g, rhizoma cibotii 20 g, garden balsam stem 30 g,
liquorice 10 g. These herbs were soaked in water for 30 min,
boiled and then decocted for 1 h. Finally, the concoction
was filtered. These herbs were heated again for 30 min
according to the above method. The liquid obtained was
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mixed and applied externally on the joints. Electrode slice
was connected with iontophoresis apparatus. The higher
the frequency, the deeper the stimulus. Medium frequency
electrotherapy was performed 1 ~ 2 times/ day for 30 min.
Tolerance value of the frequency was determined based
on the patient’s condition and personal tolerance degree.
Generally, on the body it ranged from 40 to 60 MA, and
on the four limbs from 35 to 50 MA.

Response evaluation criteria

The effects of the treatments are shown in Table I. Final
effective rate= (clinical curetmarked effect+ effective) / n
x100%. Visual analogue scale (VAS) was applied for pain
score (8). A 10 cm-long line was labelled 0 to 10: 0 refers
to no pain and 10 refers to the severest pain. Patients were
asked to mark the location of the current pain, and then
the length of the distance was measured to express pain
degree (Table I).

Assessment of motion range

Motion range of joints of patients was compared before
and after treatment and divided into grades of excellent,
good or poor.

Statistical analysis
SPSS 17.0 statistical software was used to process
data, compare joint mobility and clinical evaluation. P
value < 0.05 was considered as statistically significant.
Statistical analysis was carried out on the two groups
after the 4" week of treatment.

RESULTS

Comparisons of VAS before and after the treatment
After one-way analysis of variance on results, it
was found that, VAS of the iontophoresis group before
treatment was close to the control group, and there
was no statistical significance (P>0.05), whereas after
treatment, the two groups had statistical significance
(P<0.01). It can be seen from Table I that, VAS
difference of the iontophoresis group was greater
than in the medium frequency electrotherapy group,
indicating that the treatment for the iontophoresis
group had a better curative effect than that for the
medium frequency electrotherapy group (Table II).

Comparison of effectiveness after treatment

As shown in Table III, of 147 patients in the
iontophoresis group, 47 patients were cured, no
longer suffering from pain and their joint motion
ranges returned to normal. Examined by CT or

CR, most patients were found to have improved
joint distortion, thereby guaranteeing their return
to normal daily life. As to 60 patients with marked
effects, the swelling and pain in the pathogenic sites
decreased: patients with arthritis in their legs no
longer felt severe heaviness when going up and down;
as to patients with periarthritis of shoulder, snapping
sound was not heard between joints any more and the
pain disappeared during daily movement. Thirty one
patients with effective treatment had slight pain when
the pathogenic sites were pressed, but the motion
range was enhanced compared to before treatment.
Different curative effects of the medium frequency
electrotherapy group were close to the iontophoresis
group, but overall, the well-healed patients of the
iontopheresis group were more than in the medium
frequency electrotherapy group. The total effective
rate was 93.2% in the iontophoresis group and 74.3%
in the medium frequency electrotherapy group,
indicating that the curative effect of patients in the
iontopheresis group was better than in the medium
frequency electrotherapy group.

Comparison of motion range of joints

Assessment of motion range of joints, mainly
focusing on the maximum movement arc of
patients, that is, the normal motion range of joints.
At the 2nd and 4th weeks after treatment, patients
in the iontopheresis group significantly improved
compared to before treatment; and after 4 weeks, the
curative effect for the iontopheresis group was much
better than in the medium frequency electrotherapy
group, as shown in Table IV. Of 148 patients in the
iontopheresis group, 50 patients could move freely
with the greatest movement arc after the pathogenic
sites were treated; 89 patients could fulfill the basic
actions such as leg flexion and extension, but failed
to do large amplitude movements; the remaining 9
patients had severe pain when doing basic actions
after treatment and could not fulfill the specified
actions smoothly. Curative effect assessment was also
performed on the medium frequency electrotherapy
group based on the same assessment indexes, but
its total effective rate (76.4%) was lower than in the
iontopheresis group (93.9%).

Treating degenerative osteoarthropathy with
iontopheresis had few toxic and side effects which
could be ignored, and worse joint pain and severe
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Table 1. Response evaluation criteria.

Effect

Determination criteria

Improvement rate

Clinical cure

Joint motion recovery to normal and swelling and pain completely

>95%

disappearing
Marked effect Swelling and pain of joint relief and no spontanous pain 70%~95%
Effective Locally slightly painful or palnful when pressed and improvement in <70%
motion range.
Invalid Symptoms and physical sign have no improvement. <30%
Table I1. Comparison of VAS before and after treatment (mean + SD, cm).
Group Case Before treatment | After treatment | Difference t value P value
_ Chinese drug 148 6.50:0.58 1.99+1.78 | 4.51x1.20 30.51 <0.01
iontophoresis group
Medium frequency
electrotherapy 148 6.44+0.76 3.15+£2.28 3.29+1.51 28.22 <0.01
group
Table III. Comparison of the two groups after treatment.
Total Mark . . Total effecti
Group ofal case Cure arked Effective Invalid otale f ctive
number effect rate (%)
hi
_ Chinese drug 148 47 60 31 10 93.2%
iontophoresis group
Medium frequency 148 28 35 47 38 74.3%
electrotherapy group
Table IV. Comparison of motion range of joint at 4 weeks after treatment.
Total case Total effective
Groups number Excellent Good Poor rate (%)
Chinese drug iontophoresis 148 50 89 9 93.9
group
Medium frequency 148 28 85 35 76.4
electrotherapy group

allergic reactions did not occur, since the Chinese

drugs applied were safe (Table V).

DISCUSSION

Degenerative

osteoarthosis

presents  as

degenerative change of joint surface and secondary
hyperostosis (9), mostly occurring among the middle
aged and elderly population. Under the conditions of
overload working of the spine and joints or long-term
exposure to wind, cold and dampness, arterial blood
perfusion and insufficient oxygen supply, metabolins
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tend to deposit, thereby leading to dystrophia of the
cartilago articularis, and finally induce degenerative
osteoarthosis.

Osteoarthritis can be divided into primary
osteoarthritis and secondary osteoarthritis. The
former (10) is senile osteoarthritis related to aging but
in no correlation with other diseases; its pathogenesis
is not clear, and is supposed to be related to advanced
age, gender, occupation. The latter is caused by
systemic disease, acute trauma or chronic strain,
such as trauma, rheumatoid arthritis, nerve and
endocrine diseases (11-12). Clinical manifestation
of osteoarthritis includes arthralgia, arthrocele,
limited movement and joint deformity. Under X ray,
it presents as narrowing joint space, subchondral
bone densification, bone trabecula fracture, sclerosis,
cystic degeneration, hyperplasia at the edge of joints,
deformation of extremities in the later stage and
uneven articular surfaces.

Traditional treatment includes conservative
treatment and operative treatment. Conservative
treatment includes physical therapy, nonsteroidal anti-
inflammatory drugs, cortisone injection into joint;
operative treatment includes joint clear operation,
osteotomy, joint replacement, joint fusion, etc. (13).
However, conservative treatment for osteoarthritis
has disadvantages of slow effect, long treatment
course, and often reoccurs after stopping drugs;
moreover, it is costly and painful. Iontophoresis of
the Chinese drug is being widely considered since
it can relieve local joint pain, thereby treating an
internal illness by external treatment. Effective
biological iontophoresis of the Chinese drug can ease
pain through blocking pain impulse and releasing
endogenous opioid peptides, and expel toxicant
through improving blood circulation, eliminating
tissue edema and reducing muscle spasm caused by
ischemia.

Iontophoresis of this Chinese drug is a unique
therapy that integrates traditional Chinese medicine,
acupoint, meridians and voltaic physics action
together. A drug that can promote circulation,
remove stasis, and relieve swelling and pain is
directed into the lesion site. During local therapy,
the effective components of the drug have direct
pharmacological effects after being absorbed through
tissues and organs. A high concentration of the drug
on the local site leads to long-term accumulation

and performance, thereby prolonging the effect of
the treatment, reducing side effects, and avoiding
toxicity. lontophoresis of the Chinese drug has been
clinically researched in many subjects. Yang Min
(14) et al. attempted to treat fatty liver accompanied
by metabolic syndrome by rhizoma alismatis and
salvia combined with iontophoresis of the Chinese
drug. The total effective rate in the treatment
group was 83.93% while in the control group it
was 59.52%, proving that the curative effect of the
treatment group was significantly higher than for the
control group, and with less negative effects. Wang
Xihong (15) et al. applied angelica, salvia, safflower,
peach kernel, uncaria, Chinese starjasmine and
notopterygium with iontophoresis of the Chinese
drug to treat 120 cases of angina pectoris. After 15
days of treatment, the total improvement rate of the
treatment group was 91.67% while in the control
group it was 66.67%; electrocardiograms showed
a total improvement rate in the treatment group
of 90.0% while in the control group it was 65.0%.
The experiment demonstrated that, iontophoresis
of the Chinese drug is a safe and effective therapy
for angina pectoris. In iontophoresis of the liquid
Chinese drug, angelica has functions of enriching
and activating the blood, dispelling dampness and
relieving pain, which can improve microcirculation
of lesioned parts and decrease platelet aggregation;
safflower, frankincense, myrrh, ligusticum wallichii,
radix achyranthis bidentatae and peach kernel can
activate blood and remove stasis; garden balsam
stem, radix angelicae pubescentis and radix puerariae
have functions of expelling wind-damp and cold,
removing numbness, relaxing tendons and relieving
pain. Iontophoresis of the liquid Chinese drug can
also effectively inhibit exudation of inflammatory
substance in the joint and reduce subchondral bone
edema while delaying joint cartilage degeneration.
Middle frequency electrotherapy applies an electric
field of direct current and poles with the aim of
driving drugs into the human body by electrodes.
In addition, medium frequency electrotherapy alone
can effectively improve local blood circulation
in joints, warm meridian and dredge stasis, lower
pressure within bone, promote metastasis, diminish
inflammation and relieve pain.

Treating  degenerative  osteoarthritis by
iontophoresis of the Chinese drug proved to be
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reliable and have no significant toxic and side effects.
Comparing the iontophoresis group to the medium
frequency electrotherapy group, we found that, patients
in the iontophoresis group greatly improved in regard
to pain and degree of joint motion after treatment,
proving the curative effect of the Chinese drug.

In conclusion, the experimental research in
this paper demonstrated that, during the treatment
for osteoarthritis patients, medium frequency
electrotherapy and iontophoresis of the Chinese
drug together can mitigate the disease. The total
effective rate in the iontophoresis group in treating
osteoarthritis was 93.2% and the cure rate was 31.8%,
showing that its curative effect was superior than that
obtained in the medium frequency electrotherapy
group. As to VAS and range of motion, the results
after treatment with iontophoresis were positve with
a significant difference in improvement. All these
findings suggest that iontophoresis of the Chinese
drug is remarkably effective in the treatment of
osteoarthritis and highlights its unique effects
for easing pain and improving joint functions.
Considering the characteristics of joint structure,
iontophoresis of the Chinese drug is beneficial for
the absorption of effective components of the drug;
meanwhile, it can avoid drug stimulation of the
digestive system and reduce toxin and side effects.
All in all, the use of iontophoresis of the Chinese
drug deserves to be promoted. Lastly, through
follow-up on patients, we find that iontophoresis
of the Chinese drug has fewer side effects in the
treatment of degenerative osteoarthropathy and
the patients are highly satisfied with the treatment.
Compared to medium frequency electrotherapy,
iontophoresis of the Chinese drug is more easily
accepted by middle aged and elderly people. In
practical clinical treatment, the method used should
be comprehensively considered according to age,
gender, physical condition and disease stage. No
matter whether it is Chinese medicine, western
medicine or a combination of both, doctors should
consider the needs of the patient and formulate the
best individual plan of treatment.

REFERENCES

1. Wei L. Pathogenesis and clinical research progress of
osteoarthritis. Hebei Med J 2010; 32(5):611-14.
2. Christian E, Thomas H, Victor V. Biomechanics and

XL. GENG ET AL.

10.

11.

12.

13.

14.

pathomechanisms of osteoarthritis. Swiss Med Wkly
2012; 142:w13583.

Michel DC, Frank WR, David TF, Martin E, Wang K,
Mohamed Jarraya. Factors associated with meniscal
extrusion in knees with or at risk for osteoarthritis:
the multicenter osteoarthritis study. Radiology 2012;
264:494-503.

Shi XM, Yu ZG. The research progress of
osteoarthritis pathogenesis. Chin J of Clinicians
(Electronic Version) 2013; 7(24):11607-10.
Sawitzke AD, Shi HFinco MF, Dunlop DD, et
al. Clinical efficacy and safety of glucosamine,
chondroitin sulphate, their combination, celecoxib
or placebo taken to treat osteoarthritis of the knee:
2-year results from GAIT. Ann Rheum Dis 2010;
69(8):1459-64.

Li SZ, Bai L. Treatment research progress of knee
osteoarthritis treated by iontophoresis of Chinese
medicine. Chin Archives of Tradit Chin Med 2013;
31(3):481-482.

Fan ZC. Curative observation of acupotomy
combined with iontophoresis of Chinese medicine in
treatment of knee osteoarthritis. Shanghai J of Acup
and Moxibustion 2010; 29(9):604-5.

Zhang T, Wang RT, Hu YJ, Song JF, Ma CZ. The
visual analogue scale in the knee arthroplasty
after analgesia. Progress in Modern Biome 2011;
11(22):4362-63.

Zhang JH, Li L, Liu JZ. Correlative factors of
degenerative gonarthritis. Mod Clin Nursing 2010;
9(2):10-11.

Jin FY. Non-operation treatment of primary knee
osteoarthritis. J Clin Rehabilit Tissue Engin Researc
2013; 17(30):5531-38.

Li KC, Yu Q. CT Evaluation of osteoarthritis
secondary to adults with severe developmental
dysplasia of hip. Chin Comput Med Imagin 2010;
16(2):139-41.

Huang J, Huang CB. Improvement in diagnosis and
treatment of rheumatoid arthritis. Clin Med J 2010;
8(1):1-5.

Zhang CL, LuJH, Zhang XG. The minimally invasive
operation of arthroscope for knee osteoarthritis.
Sichuan J Anato 2012; 20(2):44-45.

Yang M, Yang DP, Xu LP. Iontophoresis of Chinese
medicine in treatment of fatty liver accompanied by



Journal of Biological Regulators & Homeostatic Agents 1 4 1

metabolic syndrome. Practical Clin J Integr Tradit angina pectoris treated by iontophoresis of Chinese
Chin and West Med 2010; 10(1):82. medicine. Chin J] Mod Drug Appl 2014; 4(15):111-
15. Wang CH, Yang GF. Observation of 120 cases of 12.






JOURNAL OF BIOLOGICAL REGULATORS & HOMEOSTATIC AGENTS

LETTER TO THE EDITOR

THE EXPRESSION OF P53, MGMT AND EGFR IN BRAIN GLIOMA AND CLINICAL
SIGNIFICANCE

Vol. 29, no. 1, 143-149 (2015)

T. LIN', M. WANG?, HS. LIANG' and EZ. LIU'

!Key Laboratory of Neurosurgery, College of Heilongjiang Province, First Affiliated Hospital o
Y ry gery, g gjiang P
Harbin Medical University, Harbin, China
’Department of Oncology, the Tumour Hospital of Harbin Medical University, Harbin, China

Received November 22, 2014 — Accepted 9 January, 2015

In order to discuss the expression of P53, MGMT (O%methylguanine-DNA methyltransferase) and
EGFR (epidermal growth factor receptor) in brain glioma and their clinical significance, this paper
collected clinical features of 40 patients. We observed the expression of P53, MGMT and EGFR in
samples using immuohistochemistry assay and analyzed their interaction, as well as their relationship
to brain glioma. It was found that among 40 cases of brain glioma samples, cases with positive P53
expression accounted for 47.5%, and its expression in high-grade brain glioma was higher than in
low-grade brain glioma (P<0.05); cases with positive MGMT expression accounted for 37.5%, and its
expression in high-grade glioma and low-grade brain glioma had no statistical significance (P>0.05);
cases with positive EGFR expression accounted for 55%, and its expression in high-grade brain glioma
was higher than in low-grade brain glioma (P<0.05); the expression of P53, MGMT and EGFT were
not correlated to age, gender or size of tumor; P53 expression was negatively correlated to MGMT
expression (P<0.05) but positively correlated to EGFR expression (P< 0.05) demonstration that P53,

EGFR and MGMT play important roles in the occurrence and development of brain glioma.

Recurrent, hard to cure brain glioma characterized
by high malignancy and mortality is a commonly
observed intracranial primary tumor in the central
nervous system. P53, a type of cancer suppressor
gene, can promote malignant cell transformation;
however, it loses its function as a cancer inhibitor
when transforming from wild to mutant. O°-
methylguanine-DNA methyltransferase (MGMT),
a type of DNA repairer, is related not only to brain
glioma’s drug resistance to alkylating agents, but
also to the malignant transformation of brain glioma.
Epidermal growth factor receptor (EGFR) is a kind
of transmembrane glycoprotein with tyrosine kinase

activity, involved in the growth, repair and survival
of tumor cells, as well as the generating of new
vessels, invasion and metastasis.

Detection of P53 signifies that its inactivation
increases as pathological grade rises; mutant
P53 is related to grading degree, metastasis and
recurrence, therefore can be considered as an
index of tumor grading; inactivation of P53 may
lead to overexpression of CyclineE/CDK2 through
P21CIP1, while expression of P27kip1 decreases due
to phosphorylation; common inactivation of cancer
suppressor genes is able to promote the malignant
evolution of glioma cells (1).
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Research on glioma cells from molecular biology
and molecular genetics demonstrate that closing or
down-regulating tumor genes within tumor cells
or introducing cancer suppressor genes and pro-
apoptotic genes is the basic method for gene therapy
based on molecular mechanism of tumor progression.
For instance, signal transduction interference therapy
with MGMT and the EGFR as a target is likely to
be specific and effective for malignant glioma,
especially for the primary malignant kind. Gene
therapy for malignant glioma could be a successful
breakthrough by adopting multi-gene combined
therapy or a combination of conventional treatment
and gene therapy (2).

High EGFR expression usually indicates a poor
differentiation of glioma, as it expresses remarkably
high in poorly differentiated glioma (high level),
which is closely correlated to pathological grading
(3). There is a large number of researchers that are
proving that EGFR signal pathway performs an
important role in regulating radio-resistance for
human brain glioma. For instance, Li et al. (4) found
that gamma knife combined with antisense EGFR
therapy (mainly down-regulating the expression of
EGFR in brain glioma) in the treatment of in vitro
test of malignant glioma can effectively inhibit cell
proliferation and induce cell apoptosis. By means
of the same method it was found that growth of
orthotopic transplantation tumor (C6 glioma) is
also effectively restrained. Hence, many researchers
sustain that combining antisense EGFR and gramma
knife radiotherapy is a potentially feasible strategy
for treating malignant glioma.

This study explored the effects of P53, MGMT
and EGFR on the occurrence and development of
brain glioma through detecting and analyzing their
expressions in 40 cases of paraffin specimens of
brain glioma.

MATERIALS AND METHODS

We collected 40 cases of paraffin specimens of brain
glioma which had completed clinical data and which were
extracted from March 2009 to September 2011 in various
hospitals; of the 40 cases, 26 cases were male and14 were
female, ranging in age from 10-74 years (mean 44.5 years).
All of the brain glioma specimens were pathologically
diagnosed. According to the 2000 WHO classification
of tumors of the central nervous system, all the tumors

were classified into low-grade malignancy group (grade
I/ 1) (18 cases) and high-grade malignancy group (grade
HI/IV) (22 cases). All the patients had detailed clinical
materials and operation notes but had not undergone
radiotherapy and chemotherapy before surgery. Experts
from the pathology department studied the films of all the
samples which had undergone normal and HE staining in
the examination.

Main reagents and methods

The main reagents included mouse anti-human
P53 (monoclonal antibody), mouse anti-human
MGMT (monoclonal antibody), mouse anti-human
EGFR (monoclonal antibody), S-P kit and DAB
enzyme substrates chromogenic kit. All the reagents
were purchased from Beijing Zhong Shan - Golden
Bridge Biological Technology Co., Ltd. We performed
immunohistochemical staining with SP method. Paraffin
specimens were cut into sections of 4 um, followed by
dewaxing using xylene and hydration using ethanol. The
sections were then incubated for 5 to 10 min in 3% H,0O,
deionized water to block endogenous peroxidase. After
washing by PBS for 5 to 10 min, primary antibodies were
added the sections and incubated at room temperature
for 1 to 2h; after washing with PBS for 2min x 3 times,
a second antibody was added and incubated at room
temperature for 30 min; after washing with PBS for 2
min x 3 times, DBA color agent was added. Five to 10
min later, the developing color was controlled under an
illuminated microscope. After washing with distilled
water, the sections were redyed using hematoxylin and
normally dehydrated. Finally, the sections were mounted
with neutral resins. Normal PBS was regarded as negative,
taking the place of primary antibody. Breast cancer tissue
section was considered positive for P53; liver tissue
section was considered positive for MGMT; colorectal
cancer tissue section was regarded positive for EGFR.

Criteria for assessment

Mark staining intensity: 0 point indicates colorless, 1
point indicates faint yellow, 3 points indicate sepia. Mark
percentage of positive cells: 0 point indicates negative,
1 point indicates positive cells <10%, 2 points indicate
11%-50%, 3 points indicate 51%-75%, 4 points indicate
>75%. The result of staining intensity and the percentage
of positive cells >3 points is considered to be positive
immunoreaction. We randomly selected 5 high power
fields with mean staining (10x40 times) and calculated
the proportion of positive staining cells (6). Yellow or
tan particles in cell nucleus are considered as positive
staining of P53 protein, as shown in Fig. 1; yellow or tan
particles in cell nucleus is considered as positive staining
of MGMT, as shown in Fig. 2. Yellow or tan particles in
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cytomembrane or cytoplasm are considered as positive
staining of EGFR, as shown in Fig. 3.

Statistical analysis

SPSS19.0 software was used for statistical processing.
In addition, Spearman’s correlation analysis was applied.
P<0.05 was considered to have statistical significance.
We analyzed the difference between expression of
P53, MGMT and EGFR in brain glioma with different
malignancy, different sizes of tumor, age and gender, as
well as the correlations between indexes.

RESULTS

The positive expression rate of P52, MGMT and
EGFR was 47.5%, 37.5% and 55%, respectively. The
positive expression rate of P53 was 63.6% in high-
grade (grade III/ 1V) brain glioma tissue (63.6%)
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was higher than that in low-grade (grade I/II) brain
glioma tissue (27.8%) (P<0.05). The positive rate
of MGMT in low-grade (grade I/II) brain glioma
was 44.4%, and in high-grade (grade III/ IV) brain
glioma was 31.8%. Through a statistical test, it was
found that the positive expression of high/low grade
brain glioma did not vary (P<0.05). The positive
expression rate of EGFR was 63.6% in high-grade
(grade III/IV), brain glioma tissue and higher than
that in low-grade (grade I/Il), brain glioma tissue
(27.8%) (P<0.05) (Table I).

Among 26 cases of male brain glioma, cases
with positively expressed P53 accounted for 46.2%,
MGMT for 38.5% and EGFR for 57.7%; among 14
female patients, those with positively expressed P53
accounted for 50%, MGMT for 35.7% and EGFR
for 57.7%. Among 28 patients younger than 50

Table 1. Expression of P53, MGMT and EGFR in brain glioma.

P53 MGMT EGFR
Grade Positive Positive Positive
- 2 _ 2 _ 2
+/n /n rate /% X P +/n /n rate /% X P +/n | -/n rate /% X’ P
/11 5 13 27.8 8 10 444 6 12 333
1/1v 14 8 63.6 5.105 0.024 15 31.8 0.673 0412 |16 6 72.7 6.208 [ 0.013
Total 19 21 47.5 15 25 37.5 22 18 55.0
+: positive; -: negative.
Table I1. Expression of P53, MGMT and EGFR in brain glioma with different clinical features (%).
P53 MGMT EGFR
Grouping |n Positive Positive Positive
2 2 2
i rate /% X P /n rate /% P i rate /% X P

Male 26 12 46.2 10 38.5 15 57.7
Gender 1 0.539 0.029 |0.864 0.218 0.641

Female 14 7 50.0 5 35.7 7 50.0

>50 28 13 46.4 8 28.6 14 50.0
Age 0.143 0.836 3.175 |0.075 0.590 0.533

>50 12 6 50.0 7 58.3 2 66.7

: >5 14 4 28.6 6 42.9 5 35.7
Size of 2037 | 0.154 0.264 |0.608 3327 0072
tumor /em | >5 26 |15 |577 9 [346 17 65.4
+: positive; -: negative.
Table I11. Pairwise correlations among P53, MGMT and EGFR.
MGMT EGFR
r P r P
+/n -/n +/n -/n
P53 *in 4 15 0323 0.042 16 3
-/n 11 10 ’ ' 6 15 0.558 0.000
EGFR +/n 6 16 -0.234 0.147

+: positive; -: negative.
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Fig. 2. Expression of MGMT in brain glioma.

years, those with positively expressed P53 accounted positively expressed P53 accounted for 50%, MGMT
for 46.4%, MGMT for 28.6% and EGFR for 50%; for 58.3% and EGFR for 66.7%; among 14 patients
amongl2 patients older than 50 years, those with with maximum parameter of tumor less than 5 cm,
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Fig. 3. Expression of EGFR in brain glioma.

patients with positively expressed P53 accounted
for 28.6%, MGMT for 42.9% and EGFR for 35.75;
among 26 patients with a maximum parameter of
tumor no less than Scm, patients with positively
expressed P53 accounted for 57.7%, MGMT for
34.6% and EGFR for 65.4%. Through statistical
test, the expression of P53, MGMT and EGFR had
no statistical difference (P<0.05) where patients with
brain glioma were of different genders, age (< or >50
years) and sizes of tumor (< or >5cm), as shown in
Table II.

In regards to brain glioma tissue, the positive
expression of P53 was negatively correlated to the
positive expression of MGMT (r=-0.323, P<0.05);
the positive expression of P53 was positive correlated
to the positive expression of EGFR (r=0.558,
P<0.05); the positive expression of MGMT was in
not correlated to the positive expression of EGFR
(r=-0.234, P>0.05), as shown in Table III.

DISCUSSION
P53 functions as DNA bonding and repairing,

controlling cell cyclic process and cell apoptosis
involved in cell differentiation and plasticity

regulation of genes. P53 mainly induces cell suicide
through programmed cell death, thereby inhibiting
cancer (5). Mutational P53 gene has no cancer
inhibition function but has the activity to promote
cell malignant transformation which can lead to the
spread of malignant tumor.

Mutational P53 featured by changed protein
conformation, increased stability and longer half-life
period accumulates to 100 times in cancer cells and
can be detected by immunohistochemistry. Therefore,
it was generally believed that immunohistochemistry
for detecting P53 was consistent with mutational
P53. The detection results of this study was that the
expression of P53 in low-grade (grade I/I) brain
glioma was 27.8% and in high grade (grade I1I/ IV)
was 63.6%; the expression of P53 in high-grade brain
glioma was significantly higher than low-grade brain
glioma. It suggested that the inactivation of wild type
p53 involved in the occurrence and development of
brain glioma might be one of the indexes for poor
prognosis.

MGMT, a sort of DNA repair protein, is able to
remove mutagenic alkyl adduct of guanine on DNA,
repair injured guanine, protecting cells against
damage from alkylating agent. Therefore, the highly
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expressed MGMT can affect the curative effect of
alkylating agents and is also the molecular basis for
cells resisting to them. It has been proved that the
expression of MGMT in brain glioma significantly
affect the curative effects of alkylating agents, thus
influencing the patient prognosis (6). This study
showed that the expression of MGMT was not
correlated with the age and gender of patients, which
suggested that the expression of MGMT might be
related to the endocrine hormone levels of the body.
The fact that the results showed that there was no
difference in the positive expression rate of MGMT
in brain glioma of different malignancies was in line
with Ji Lie, et al. (7). As to the expression of MGMT
in brain glioma, different research facilities have
acquired different research results. Some sustain that
the positive expression rate of MGMT in high-grade
brain glioma was significantly lower than low-grade
brain glioma (8-9), while some other scholars obtained
different research results (10-11). For instance, Sun
Yanhui, et al. stated that the expression of MGMT
in high-grade brain glioma was significantly higher
than low-grade brain glioma; with the increase of
tumor malignancy degree and positive expression,
it was believed that MGMT was related to tumor
malignancy; moreover the lifespan of patients with
positive MGMT expression was significantly shorter
than patients with negative expression. The two
different test results might be connected to non-
uniformity of distribution and expression of MGMT
in tumor tissue. We also found that in the same
section, the cells with positive staining of MGMT
had nonhomogeneous coloring and distribution. We
analyzed functioning on different target cells in the
perspective of MGMT: MGMT can repair injured
DNA, but the result varies when it acts on different
cells. Repairing tumor cell DNA can lead to tumor cell
drug resistance to alkylating agent. Currently there is
a study (12) proving that application of an alkylating
agent such as temozolomide in the treatment of
brain glioma with negatively expressed MGMT, can
achieve good curative effect, however, MGMT can
prevent damage of cells from carcinogenic factors
such as alkylating agents while acting on non-tumor
cells. However, further studied need to be carried out
in order.to establish when and by which means the
two aspects above dominate.

EGEFR is the expression result of protooncogene

cerbB-1. Its over-expression and mutation in tissue
cells can lead to excessive DNA duplication and cell
division, thus provoking out of control cell growth
and malignant transformation and finally result in cell
canceration. Studies (13-15) indicated high EGFR
expression in various malignant tumor tissues such
as lung cancer, gastric cancer, nasopharynx cancer,
etc., suggesting that the occurrence mechanism
of the above tumors might be related to the out of
control expression of EGFR. The result of this study
indicated that the positive expression rate of EGFR
in high-grade brain glioma was significantly higher
than in low-grade brain glioma, which is similar to the
research results of Dong Lun, et al, from neurosurgery
of Clinical Medicine College of Yangzhou University
(16). It suggested that the positive expression of
EGFR might be related to the malignant progression
of brain glioma. Moreover, tumor with positive
expression of EGFR has a stronger activity of division
and proliferation, which plays avery important role in
malignant progression of brain glioma.

This study revealed that the expression of P53 was
in negative correlation to the expression of MGMT,
which might be due to the protection function
produced by the high expression of MGMT on the
DNA of P53. Blough (17) found through mice test
that the expression of MGMT in star brain glioma
cells with mutational P53 significantly decreased. It
was inferred that P53 played an important regulation
function in expression and transcription of MGMT.
More mutual function relationship and mechanism
between P53 and MGMT need to be researched.

This study found that the expression of P53
and EGFR improved with the increase of tumor
malignancy degree, and that the two were in positive
correlation. It indicated that P53 and EGFR might
be involved in the malignant transformation and
development of brain glioma or that the mutation
of P53 might induce the over-expression of EGFR.
However, the detailed functions of P53, MGMT and
EGFR that play in the occurrence and development of
brain glioma as well as whether P53 can promote the
expression of MGMT and EGFR need to be further
studied, so as to clear their clinical significance.
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This paper aims to compare the curative effects of persimmon leaf extract and ginkgo biloba extract
in the treatment of headache and dizziness caused by vertebrobasilar insufficiency. Sixty patients were
observed, who underwent therapy with persimmon leaf extract and ginkgo biloba extract based on the
treatment of nimodipine and aspirin. After 30 days, 30 patients treated with persimmon leaf extract
and 30 patients with ginkgo biloba extract were examined for changes in hemodynamic indexes and
symptoms, such as headache and dizziness. The results showed statistically significant differences of
88.3% for the persimmon leaf extract and 73.1% for the ginkgo biloba extract, P<0.05. Compared to the
group of ginkgo biloba extract, the group of persimmon leaf extract had more apparent improvement
in the whole blood viscosity, plasma viscosity, fibrinogen, hematokrit, and platelet adhesion rate,
and the difference was statistically significant (P<0.05 or P<0.01). Based on these analyses, it can be
concluded that persimmon leaf extract is better than ginkgo biloba extract in many aspects, such as
cerebral circulation improvement, cerebral vascular expansion, hypercoagulable state lowering and

vertebrobasilar insufficiency-induced headache and dizziness relief.

In modern society dietary habits are changing, and
with the increase of unhealthy eating the occurrence
of cerebrovascular diseases increases accordingly and
constantly; for example, vertebrobasilar insufficient
vertigo (VBIV) which is an ischemic cerebrovascular
disease of the vertebrobasilar system. Common
in emergency internal medicine, vertebrobasilar
insufficiency itself is an ischemic cerebrovascular
disease, which mainly causes headache and dizziness
(1-2). VBIV is part of traditional Chinese medical
science, but it is caused by specific cerebrovascular

factors, i.e. it is an independent disease differing
from the “dizziness” in general Chinese medicine.
As a common disease with frequent occurrence,
vertebrobasilar insufficiency is highlighted by its
recurrent attacks and lingering after effects, which
cause great pain. Thus, clinical intervention of
vertebrobasilar insufficiency has become a hot topic.

With high occurrence in the elderly, some cases
of vertebrobasilar insufficiency are due to organic
brain changes and some are not. Various medicines
are used to treat vertebrobasilar insufficiency but
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seldom lead to assured curative effects. Besides
Western medicines, commonly used medicines in
clinics include Chinese herb preparations, such as
persimmon leaf extract (Naoxinqing tablets) and
ginkgo biloba extract (ginkgo biloba tablets) (3),
which promote circulation and dissipate stasis.

Ginkgo biloba possesses a neutral nature, has
a bitter-sweet and astringent taste, and mainly
functions on the heart and lungs; for instance, its
extracts are effective in lung astringency, asthma
relief, blood circulation activation, stasis dissipation
and pain relief. In addition, blood vessel expansion
and micro-circulation enhancement are also due
to ginkgo biloba extracts, an effective medicine in
treating VBIV (4).

Persimmon leaf contains abundant nutritional
substances and functional components, whose
products are safe for consumption without poisonous
factors, leading to promising prospects in health
food development. To date, persimmon leaf is
mainly used to process and make multi-functional
health foods, such as persimmon leaf tea, persimmon
leaf beverage and persimmon leaf crystal. While
clinically speaking, persimmon leaf has been made
into persimmon leaf injection, blood purifying
tablets, and styptic powder for therapy. Persimmon
leaf extract and ginkgo biloba extract still remain to
be researched in detail for their curative effects in
treating vertebrobasilar insufficiency

Based on the application of nimodipine and
aspirin, this paper treated in-hospital vertebrobasilar
insufficiency patients with persimmon leaf extract
and ginkgo biloba extract and observed the curative
effects of the two extracts.

MATERIALS AND METHODS

A total of 60 in-hospital patients, 38 male and 22
female aged from 41 to 79 years (mean age: 60.2 years),
were studied in this research. Of these 60 subjects, 41 had
high blood pressure, 29 hyperlipidemia, 36 diabetes and
49 cervical spondylosis. With disease course varying from
14 days to 22 years, the patients suffered from continuous
or repeated headaches and dizziness accompanied by
cervical pain and limb numbness. In the worst cases,
20 patients had also once suffered from cataplexy and
fainting. The examination by Transcranial Cerebral
Doppler (TCD) showed that vertebrobasilars in all cases
had different degrees of insufficient blood supply, such
as slow blood flow, which conformed to the diagnosis

of vertebrobasilar insufficiency according to Practical
Neurology criteria.

Methods

The patients were randomly divided into two groups of
30: one group to be treated with persimmon leaf extract and
one group with ginkgo biloba extract. The differences in age,
gender, symptoms, disease course and test indexes between
the two groups were compared with P>0.05. Both groups
regularly took nimodipine orally (Bayer medicine, 30 mg
3 times/day) and aspirin (Bayer medicine, 100 mg 3 times/
day), aiming to expand blood vessels, lower blood viscosity
and improve cerebral blood flow. On this basis, the patients
in the persimmon leaf extract group took 2 Naoxinging
tablets orally (Guangzhou Baiyun Mountain Hutchison
Whampoa) 3 times a day, while patients in the ginkgo biloba
extract group took 1 ginkgo biloba tablet orally (Jiangsu
Yangtze Medicine) 3 times a day. After a course of 20 days,
several aspects were observed, such as clinical signs and
hemodynamic indexes, and TCD was carried out to observe
other indexes, such as blood flow velocity mean (Vm),
systolic blood flow velocity (Vs) and diastolic blood flow
velocity (Vd) in the middle cerebral artery (MCA), anterior
cerebral artery (ACA), posterior cercbral artery (PCA),
basilar artery (BA) and vertebral artery (VA).

Therapeutic criteria

The following criteria was used to categorize
the results. Remarkably effective: disappearance of
simultaneous phenomenona like dizziness, blurred vision
or unstable feeling, while the results of hemorheology
and TCD proved to be normal and regular. Effective:
simultaneous phenomenon such as dizziness were
obviously relieved, and compared to pre-treatment,
blood flow in vertebrobasilar artery checked by TCD
was improved over 50% while hemorheology indexes
were apparently lowered. Invalid: besides the relief of
dizziness, the indexes detected by hemorheology and
TCD did not meet the requirements mentioned above.

Statistical analysis
y* test was used for statistical analysis, and SPSS17.0
software was used for processing.

RESULTS

Comparison of improvement of clinical symptoms
between the two groups

Comparison of clinical symptom improvement
between the two groups: of the 30 cases in the group
of persimmon leaf extract, 20 resulted remarkably
effective (66.7%), 6 effective (20%), and 4 invalid
(13.3%), thus a total of 86.7% with effective rate.
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Table 1. Comparison of improvement of clinical symptoms between the two groups.

Persimmon leaf extract group Ginkgo biloba extract group
Remarkably effective 20 16
Effective 6 7
Total effective rate 26 23
Invalid 4 7
Table I1. Changes of hemorheology indexes before and after treatment in the two groups.
Persimmon leaf extract Ginkgo biloba extract
Indexes
Before treatment After treatment Before treatment After treatment
High cut of whole blood viscocity (mPa.s) 5.87+£2.38 4.11+1.214 5.81+2.84 4.98+1.34
Low cut of whole blood viscocity (mPa.s) 12.79+3.02 8.36+1.684 12.54+3.22 9.85+1.92
Plasma viscosity (mPa.s) 1.94+0.25 1.43+0.524 1.92+0.23 1.76+0.54
Fibrous protein (g/L) 4.91+0.84 3.47+0.484 4.88+0.74 4.37+0.81
Hematokrit (%) 43.45+6.35 35.06+4.534 42.77+6.38 39.3144.92
Platelet adhesion rate (%) 42.55+4.29 31.09+2.17" 42.4444.78 39.88+2.72

(1) (Mean + SD)

Note: compared to the group of ginkgo biloba extract after treatment: A P<0.05, and mP<0.01.

comparison of the effective rate between
two groups n (%)
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Fig. 1. Comparison of effective rate between the two groups n (%).

Of the 30 cases in the group of ginkgo biloba extract,
16 were remarkably effective (53.3%), 7 effective
(23.3%), and 7 invalid (23.3%), with a total of 77.7%
effective rate. With these comparisons, it was noted that
persimmon leaf extract obtained a higher improvement
rate with statistically significant differences (P<0.05).
Results of the improvements are shown in Table I, and
comparison of effective rate between the two groups is

demonstrated in Fig. I.
Changes of hemorheology indexes before and
after treatment are shown in Table II.

Changes of blood flow velocity through TCD before
and after treatment

As shown in Table III, both ginkgo biloba extract
and persimmon leaf extract improved blood flow to
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Table I11. Relationship of the expression of E-cad and Bcl-2 protein with the clinicopathologic feature of breast cancer.

MCA ACA PCA BA VA
Before After Before After Before After Before After Before After
treatment | treatment | treatment | treatment | treatment | treatment | treatment | treatment | treatment | treatment
. Vm 37+14 55+3" 4148 49+74 3149 30+6" 2748 42+74 269" 38+3
Persimmon
leaf extract | Vs 64+26 93+7" 61+16 79+134 30+13 49+12" 42+10 63+94
rou
group vd 32+7 47+6" 2145 3745 22+5 32454 20+7 3245
Ginkgo Vm 38+17 46+84 4349 47+2 3344 36+8 29+7 38454 27484 3443
biloba | 1 eiia | gos11a | 62:11 68+16 3122 38474 4148 554134
extract
groups vd 32+12 40+94 23+2 30+84 2247 2745 2246 27+74

Note: comparison between persimmon leaf extract group and ginkgo biloba extract group after treatment was with

A P<0.05 and mP<0.01.

treat vertebrobasilar insufficiency, but the latter was
more effective in the enhancement of blood flow
velocity mean, which was seen in the remarkable
improvement of the arteries. Furthermore, persimmon
leaf extract was more efficient in improving both
systolic blood flow velocity and diastolic blood flow
velocity.
DISCUSSION

Hemodynamic abnormality is one of the factors
that cause vertebrobasilar insufficiency. Hyperostosis
and cervical hypertrophy narrow the vascular lumina
of the vertebral artery and basilar artery, leading to
lower blood flow; and vertebral basilar artery spasm
results from stimulation on the cervical sympathetic
nerve. Moreover, in the elderly, blood flow velocity
is decreased by the arteriosclerosis of heart and
cerebral vessels, dysfunction of blood flow, and
the increase of blood viscosity and coherence. In
addition, the deposition of immune complexes on the
vascular wall from autoimmune reaction causes poor
cerebral blood flow, which leads to local ischemia
and hypoxia of brain tissue of the vertebrobasilar
system. Clinically, the corresponding outcomes are
cerebral dysfunction, dizziness, etc. (5-6).

Ginkgo biloba injection is the extract of dry
ginkgo leaves (Fig. 2), with the effect of restraining
lung inflammation, promoting blood circulation and
removing meridian problems. The injection is able
to improve vascular functions of the heart and brain,
expand blood vessels, increase brain blood flow,

lower vertebral artery obstruction, and increase mean
vertebrobasilar artery blood flow velocity. Moreover,
when the injection eliminates oxygen free radicals
and inhibits lipid peroxidation of cell membrane to
stabilize the cell membrane, it also enhances brain
functions by reducing angiotensin permeation,
regulating blood lipids, and promoting brain tissue
metabolism, finally relieving clinical symptoms (7).
Active ingredients of ginkgo biloba extract mainly
contain ginkgetin and terpenoid, such as ginkgolide
and bilobalide. Various functions of persimmon leaf
have been proved in pharmacological studies (3-4).
Firstly, ginkgetin, a trapper and scavenger of oxygen
free radicals, protects brain cells through free radical
removal and lipid peroxidation resistance. Secondly,
terpenoid is a natural antagonist of platelet-activating
factor (PAF), which is able to reduce PAF-induced
platelet aggregation, microthrombus and lipid
metabolism disordes. Thirdly, ginkgo biloba extract
can expand blood vessels of the brain and increase
cerebral blood volume. Fourthly, with ginkgo biloba,
blood viscosity degree is decreased, erythrocyte
is improved in plastic deformation and blood
circulation is enhanced. Finally, while ischemic
tissues effectively apply oxygen and glucose, brain
circulation and metabolism are improved to enhance
memory and increase some neurotransmitters.

Lu Minming et al. (8) carried out a study on 96
patients who were divided into a treatment group
and a control group. For the treatment group,
patients took betahistine 6 mg orally 3 times a day
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Fig. 3. Extract of dried persimmon leaf.



156 SG. GUO ET AL.

for 14 days; meanwhile, they were intravenously
infused with 30 ml dipyridamole injection of ginkgo
biloba extract combined with 250 ml 5% glucose
injection 4 times a day. The patients in the control
group underwent intravenous infusion of compound
injection of red sage root. After observing the
clinical curative effects before and after treatment
and measuring mean velocity by TCD, the overall
effectiveness of the treatment group was determined
to be 94.2% and the control group 67.9%.

In an 8-week treatment, Zhu Min et al. (9) gave
80 patients in the treatment group ginkgo biloba
(each containing 19.2 mg flavonol and 4.8 mg
terpene inner fat) which was taken orally, 1 pill 3
times a day; at the same time, flunarizine was taken
orally 5 mg each night. For reference, 80 patients
in the control group took flunarizine 5 mg orally
each night, after which clinical curative effects were
rechecked by TCD and compared to those before
treatment. Overall effectiveness of the treatment
group of 92.5% and the control group of 80.0%
indicated that the former group had more notable
brain blood velocity improvement.

Naoxinging tablet is a pure traditional Chinese
medicine made from active extracts of natural
persimmon leaf (Fig. 3), whose three effective
constituents are suggested and discussed in research.
The first is flavonoid which can improve blood-
supply, protect nerves, reduce myocardial infarction
and regulate blood lipids. The second is organic
acid which functions on inflammation resistance,
pain relief, blood vessel softening and thrombus
dissolution. The third are coumarins with the role of
having effects in resisting freezing and improving
hemorheology. The above constituents enable
Naoxinging tablets to have multiple mechanisms of
action. On the one hand, Naoxinqging tablets have
obvious therapeutic effects on enhancing coronary
artery and cerebral blood flow, and improving blood
and oxygen supplement for heart and brain tissues.
On the other hand, they cooperate with medicines for
anti-platelet and vascular dilation to enhance their
effects (10-11).

Persimmon leaf extract is a histamine-like
medicine, significantly expanding cerebral blood
vessels, and the cardiovascular and vertebrobasilar
artery systems (12). The extract can remarkably
increase circulating blood flow in the heart and

brain and their surroundings, and reduce high
agglutination conditions. Via the blood-brain barrier,
the pharmaceutical and biological effects act directly
on smooth muscle of the cerebral blood vessels to
substantially increase blood flow of internal cervical
arterial circulation and dredge cerebral blood
circulation, which rapidly relieves vertebrobasilar
insufficiency. Compared with ginkgo biloba extract,
persimmon leafextract is more effective in improving
vertebrobasilar insufficiency. With remarkable
effects of lowering blood pressure and easing anxiety,
persimmon leaf extract can relieve dizziness and
spinning sensation, and eliminate tension, irritation
and anxiety in a shorter time. Therefore, persimmon
leaf extract has a promising future in the treatment of
vertebrobasilar insufficiency.

Theresultsofthisresearchshowthatboth persimmon
leaf extract and ginkgo biloba extract could effectively
improve vertebrobasilar insufficiency; but based on
index changes of hemorheology, the improvement of
blood circulation by the persimmon leaf extract was
more significant. To be specific, although ginkgo
biloba extract did relieve vertebrobasilar insufficiency,
its curative effect was less comprehensive than the
persimmon leaf extract in improving the symptoms
mentioned above. Furthermore, Naoxinging tablets
improved cerebral circulation in an effective way,
expanding cerebral blood vessels and reducing high
agglutination conditions.

In conclusion, the formation and development
mechanism of cerebral arteriosclerosis is complicated
with multi-aspect involvement, which determines
its comprehensive treatment with various factors
rather than single-medicine treatment (13-16). It
can not be denied that ginkgo biloba maintains
satisfying curative effects in treating vertebrobasilar
insufficiency; but compared to persimmon leaf,
ginkgo biloba functions in a single way without
comprehensive effects.

Naoxinging tablets and their active constituents
can reduce blood pressure and blood lipid fat, improve
hemorheology and inhibit platelet aggregation.
Moreover, they regulate immunologic functions,
decrease adhesion between lymphocyte and nerve
cells and control inflammation. For the relief of
radical damage in ischemic brain tissues, the tablets
improve oxidation-reduction of nerve cells, increase
antioxidant gene expression, remove free radicals,
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and inhibit lipid peroxidation. In addition, they can
regulate the stability of calcium ion, and resist toxicity
of excited glutamic acid to control cell apoptosis and
cerebral edema, which protects ischemia brain tissues.
While promoting the recovery of nerve cell functions,
they cut off the genesis and development of cerebral
arteriosclerosis at different levels with various targets
to prevent cerebral ischemia injury and protect
nervous tissue, aiming to prevent and treat cerebral
arteriosclerosis more efficiently.
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In the rapid development of armamentarium, neoadjuvant chemotherapy has become an important
part of a multi-instrument comprehensive treatment of malignant tumor, which presents promising
application prospects. This paper researches changes of Vascular Endothelial Growth Factor (VEGF)
and Vascular Endothelial Growth Factor-2 (VEGF-2) in serum of patients with rectal cancer before and
after neoadjuvant chemotherapy and discusses how tumor progression rules relate to curative effect
and prognosis. Enzyme linked immunosorbent serologic assay (ELISA) was applied for the detection
of VEGF expression and VEGF-2 expression of 45 patients with rectal cancer (treatment group) before
and after neoadjuvant chemotherapy, which was compared to the expressions of 45 healthy people
(control group). After 8 weeks of continuous neoadjuvant chemotherapy, the results did not present
obvious differences of VEGF and VEGF-2 expression in patients with different curative effects between
pre-chemotherapy and post-chemotherapy. However, VEGF and VEGF-2 expression of patients with
CR+PR and NC significantly decreased. This proved the excellent curative effect of neoadjuvant
chemotherapy, with which the expressions of VEGF and VEGF-2 of rectal cancer patients decreased.
The above experiment provides new ideas for the application of neoadjuvant chemotherapy in treating
rectal cancer.

Rectal cancer, a very common malignant tumor,
has frequent occurrence in Europe and America. In
recent years, since the pace of living has increased,
rectal cancer has tended to occur more frequently in
China (1). Operations are able to treat rectal cancer
radically, and pure radical operation in stage I of
rectal cancer can obtain satisfying long term survival
rates. Compared with post-operative chemotherapy
or radiotherapy,  synchronous radiotherapy
and chemotherapy before an operation proves
advantageous in degrading the tumor, increasing the
resection rate and protecting the anus, etc (2).

Vascular endothelial growth factor (VEGF),
discovered in recent years, belongs to the factor
that can promote the growth of vascular endothelial
cells with high specificity (3). It mainly functions in
inducing the proliferation and migration of vascular
endothelial cells and increasing the permeability
of vessels. Through double antibody sandwich
enzyme-linked-immunosorbent ~ serologic  assay
(DAS-ELISA), Yang Kai et al. carried out studies
on serum MMP-9 in female primary and invasive
breast ductal carcinoma before and after neoadjuvant
chemotherapy. Based on research, it was discussed
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how serum MMP-9 correlated to chemotherapy
curative effect and pre-chemotherapy clinical staging.
Pre-chemotherapy MMP-9 was found correlated
to pre-chemotherapy clinical staging, and changed
with the implement of neoadjuvant chemotherapy,
having an impact on the chemotherapeutic effect. All
the above findings have certain clinical significance
for the prediction of the effect of neoadjuvant
chemotherapy (4).

Gu Jinhua et al. tested the level of VEGEF,
CEA, CA19-9 and SF of advanced gastric cancer
patients prior to chemotherapy and one week after
chemotherapy, and evaluated the curative effect two
weeks after chemotherapy. Meanwhile, the analysis
of serum VEGEF indicated that the change of CEA,
VEGF and CA19-9 was correlated with gastric cancer
chemotherapeutic effect. Therefore the detection of
CEA, VEGF and CA19-9 was helpful in predicting
the chemotherapeutic effect (5). To explore the
clinical curative effect of neoadjuvant chemotherapy
combined with laparoscopic surgery in the treatment
of colorectal cancer, Yang Chunhong treated patients
in two different ways. One was laparoscopic surgery
only and another was neoadjuvant chemotherapy
combined with laparoscopic surgery. After surgery,
Yang observed the patients’ physical conditions
and functions and calculated their survival rates in
the following 3 years. Neoadjuvant chemotherapy
combined operative treatment proved to have more
remarkable clinical effects, so it deserved clinical
promotion and application for its effectiveness
in enhancing patient’s physical condition and
improving functions (6). Most researches indicated
that anti-VEGF treatment could effectively inhibit
tumor progress with good outcome (7).

For this study 45 patients with rectal cancer and
45 healthy persons as controls were selected. Firstly,
ELISAwas applied in detecting the expression of VEGF
and VEGFR-2 of 45 rectal cancer patients before and
after neoadjuvant chemotherapy; then the results were
compared with the expressions of the control group.
Selecting VEGF and VEGEF-2 as research indexes, this
paper discusses the changes of the above-mentioned
indexes before and after neoadjuvant chemotherapy
and the relationship between the indexes and
prognoses. As a result, this paper provides a theoretical
basis for the biological mechanism of neoadjuvant
chemotherapy on rectal cancer.

MATERIALS AND METHODS

Materials

A total of 45 patients (30 male and 25 female) with
rectal cancer, of which 26 cases were in stage III and
19 stage 1V, hospitalized in the period between January
2013 and June 2013 were selected. Patients were all
pathologically identified as rectal cancer patients by
colonoscopic biopsy prior to chemotherapy and their
ages ranged from 23 to 80 years (mean age 52.36+15.66
years). Based on multi-subject researches, optionality,
clinical staging and treatment strategy were determined.
All patients gave their informed consent. Karnofsky
Performance Status (KPS) before treatment was higher
than 60 points, which predicted over 3-month life-span
of those patients without allergic constitution. Heart, liver
and kidney functions of the patients before chemotherapy
were all normally healthy, and those patients undergoing
their first treatment of rectal cancer had not undergone
other anti-tumor therapies in the previous month. The
control group was formed of 45 healthy persons after
qualified physical examinations between January and
June 2013. The age of the 28 males and 17 females was
between 25 and 75 years. Diseases in vital organs like
liver, heart, cerebrum, kidney and internal secretion were
excluded in patients from both groups whose hepatorenal
function examinations were normal and regular. The
differences of gender and age were not considered to be
statistically significant.

Neoadjuvant chemotherapy

Patients were treated with FolFox-6 with their consent.
In details, patients were intravenously infused with
oxaliplatin 135mg/m2 for 3 h and with calcuim folinate
(CF) 200mg/m2 for 2 h; then intravenously injected with
S-fluorouracil (5-Fu) 400mg/m2 and finally intravenously
infused 5-Fu 2400~3600mg/m?2 in a Baxter pump for 48
h. Some drugs were used to relieve the chemotherapy
after-effects, such as those for central antemetic, liver
protection, and body immunity strengthening. After
chemotherapy, routine blood and liver and kidney
functions were examined and found to be normal without
apparent adverse reactions. Each case had chemotherapy
for more than two courses, and each course lasted three
weeks.

Specimen collection

A 5 ml sample of venous blood of the treatment group
was taken twice in the morning on an empty stomach, before
chemotherapy and after two courses of chemotherapy. In
the control group, a venous blood sample was taken only
once. These specimens were anti-frozen with 2% edetic
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acid. Specimens were immediately centrifuged at 3000 1/
min for 10 min to separate serum. The remaining serum
was maintained at -80°C for later tests. The instructions on
the ELISA kit were strictly followed for each step and the
results were tested by ELISA at 450 nm wavelength.

Surgery

Depending on particular situations, the patients
undergoing neoadjuvant chemotherapy rested for 3 to 6
weeks before preoperative assessment which decided
on the type of surgical operation. The same method was
suitable for patients in both groups, which was adopted
with the assistance of laparoscopy according to total
mesorectal excision (TME). First, under direct vision,
sharp dissection of the fascia and the wall of the inter-layer
of the presacral space; second, maintain the fascia without
any damage; third, if excision occurred, the excision
extension of tumor distal mesorectum had to be more
than 5 cm. To clean regional lymph nodes, mesorectal
excision, including the root of arteriae mesenterica inferior
was necessary. If possible, the anterior resection was
implemented on the condition that the resection margin of
distal rectal was over 2 cm from the lower margin of the
tumor. Otherwise, Miles or Hartmann surgery was carried
out and frozen sections of suspected positive margins were
rapidly examined to confirm complete resection.

Evaluation criteria

Routine blood and hepatorenal functions were all
examined before and after chemotherapy. According to
the chemotherapy evaluation criteria set by World Health
Organization (WHO) on solid tumor, the curative effect
was divided into four parts, complete remission (CR),
partial remission (PR), Stable (NC) and Progress (PD)
(8). Clinically effective treatment referred to complete
remission and partial remission (CR+PR), while invalidity
included stable and progress (NC+PD). The lesion
processes before and after chemotherapy were evaluated
by two clinically experienced oncologists.

Response evaluation criteria

Standard curve was drawn-up as a standard graph: the
X-axis giving standard concentration, and Y-axis OD value
with standard concentrations linked by a smooth curve.
The concentration of specimens were assessed through the
0D450 value from the standard curve, the result of which,
multiplied by dilution ratio, was presented as Mean+SD.

Statistical analysis

The data obtained from the patients in the two groups
were analyzed by SPSS17.0 software. Measurement data
was expressed by Mean+SD deviation and analyzed by
t-test and g-test, variance analysis and rank correlation.

RESULTS

Expression of VEGF and VEGFR-2 of the two groups
before chemotherapy

Before  neoadjuvant  chemotherapy,  the
expressions of VEGF and VEGFR-2 in the treatment
group were 243.59+30.53 and 248.33+53.44,
respectively; while the expressions of VEGF and
VEGFR-2 in the control group were 27.12+4.56 and
24.03£8.73, respectively (Table I).

Therapeutic effect after chemotherapy

In the treatment group, two courses of treatment
resulted in 3 cases of CR, 25 PR, 12 NC and 5 PD.
Thus the 28 cases of clinical effectiveness were 62%
and 17 cases of clinical invalid accounted for 38%.

Therapeutic effect of VEGF and VEGFR-2 expression
before and after chemotherapy

The levels of VEGF and VEGFR-2 in the
treatment group did not have remarkable differences
in pre-chemotherapy patients with different curative
effects. Butafter chemotherapy, VEGF and VEGFR-2
levels in cases of effectiveness were 87.23445.78
and 80.27+58.67, respectively; and in cases of NC
were respectively 144.96+12.35 and 125.66+13.78.
As for VEGF and VEGFR-2 in PD, significant
improvement was witnessed after chemotherapy, as
shown in Table II and Fig. 1.

Post-surgery treatment of patients with rectal cancer
in both groups

In the group undergoing neoadjuvant
chemotherapy, tumors were not reduced for
iconography; but some post-surgery pathological
necrosis or fibrosis tumor cells were found.
Anastomotic leakage did not occur, but one case
of abdominal incision infection in the group of
neoadjuvant chemotherapy was successfully treated.
Table III presents the patient conditions in both
groups, such as gas relief time, meal time, in-hospital
period after surgery and incision infection. It could
be noticed that the differences between the two
groups were not statistically significant (Figs. 2-4).

DISCUSSION
With  the

advancement of comprehensive
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Table 1. Comparison of VEGF and VEGFR-2 levels between treatment group and control group before chemotherapy
(Mean+SD, ng/L).

Group n VEGF VEGFR-2
Treatment group 45 243.59+30.53 248.33 £53.44
Control group 45 27.12 £ 4.56 24.03 £8.73

Table I1. Comparison of VEGF and VEGFR-2 levels of patients with different curative effects in the chemotherapy group

(Mean+SD, ng/L).

Curative effect n VEGF VEGFR-2
After
Before chemotherapy | After chemotherapy | Before chemotherapy chemotherapy
CR+PR 28 | 238.47+£30.45 87.23+45.78 232.41+32.78 80.27+58.67
NC 12 | 235.11+17.27 144.96+12.35 270.32+77.34 125.66+13.78
PD 5 268.39 +£35.07 312.45423.45 298.87+50.33 345.88+19.75

Table III. Post-surgery recovery of patients in both groups.

Gas relief time (day) Meal time (day) | In-hospital period (day) | Incision infection
Chemotherapy 3.18+0.810 6.12+1.219 13.67+1.560 0.03+0.174
Control 2.97+0.882 6.03+1.649 13.61+1.898 0.00+0.000
400
350
a00
2h0
200
150
100
L0
VEGF before VEGF after VEGF-2 before  WEGF-2 after
chemotherapy chemotherapy chemotherapy  chemotherapy

Fig. 1. Comparison of VEGF and VEGFR-2 levels of patients with different curative effects in the chemotherapy group.

treatment, neoadjuvant chemotherapy has been
highlighted for its enhancement on resection rates.
Neoadjuvant chemotherapy, namely pre-surgery
chemotherapy, refers to systematic chemotherapy
or local chemotherapy for malignant tumors before
local treatment (surgery or radiotherapy) with the
purpose of enhancing tumor radical resection rates.

Neoadjuvant chemotherapy is regarded as the
decrement therapy of tumor cells, and its significance
is to enhance resection rates through lessening tumor
size and degrading clinical staging. In addition, it
aims to decrease tumor micro-metastasis to reduce
tumor metastasis and recurrence; it also determines
the sensitivity of patients to chemotherapeutics to
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Fig. 3. Before neoadjuvant chemotherapy (enteroscopy).

guide postoperative chemotherapy and improve
prognosis (9).

Although neoadjuvant chemotherapy has been
applied for quite a long time, only a few indexes can
be used to judge the curative effects of neoadjuvant
chemotherapy, commonly including: remission
of clinical symptoms and remission of blood
biochemical index and iconography. For blood

biochemical indexes, traditional tumor markers
with low sensitivity are still regarded as the main
references, such as carcino-embryonic antigen
(CEA), carbohydrate antigenl25 (CAI125) and
carbohydrate antigen199 (CA199) (10). In recent
years, VEGF and VEGFR-2 have been the major
target sites in various anti-tumor vascular targeted
therapies, and studies on anti-tumor vessel taking
VEGF and VEGFR-2 as target sites have been carried
out in the field of oncology fundamental research.

The “Tumor angiogenesis theory” holds that
tumor growth depends on angiogenesis. The
formation of numerous microvessels is the basis
of tumor occurrence and development, closely
connected with tumor formation, invasion, metastasis
and relapse. “Angiogenic switch theory” divides
tumor growth into prevascular stage and vascular
stage. In the prevascular stage, tumor cells remain
in a dormant state if new vessels are not formed;
while in the vascular stage, tumor cells constantly
split and produce to cause invasion and further
metastasis because the generation of new vessels
satisfies the tumor tissues’ demand of further growth
and metabolism (11).

Among angiogenic growth factors involved in
tumor vessel growth, VEGF is currently the most
powerful and concentrated factor promoting the
proliferation of wvascular endothelial cells (12).
VEGEF is a type of exocrine dimer glycoproyein,
and plays an important role in regulating cascular

Fig. 4. Post-surgery pathology.
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development. The proliferation of vascular
endothelial cells with special activation is the
idiocratic mitosis of endothelial cells, which regulate
vascular permeability and the inhibition of cell
apoptosis. New vessels are generated in the stages of
the proliferation and diffusion of a malignant tumor.
To form new tumor blood-supply vasoganglion,
VEGEF is able to prevent the degeneration of lumen
net structure of vascular endothelial cells and cell
apoptosis. Besides, VEGF promotes the degeneration,
migration and proliferation of vascular endothelial
cells and enhances vascular permeability. Therefore,
regarded as the index of tumor growth, invasion and
metastasis, VEGF induces the formation of new-born
tumor vessels and increases vascular permeability.
In addition, it also assists cancer tumors to enter
into vascular tissue and promotes the invasion and
metastasis of a malignant tumor. VEGFR-2, a
receptor type tyrosine kinase, is one of the vascular
endothelial cell growth factors whose main function is
regulating the permeability of vascular endothelium
and promoting cellular mitosis and chemotaxis, to
promote the formation of new vessels. Moreover, it
also can resist the apoptosis of endothelial cells and
maintain the survival of endothelial cells (13).

It has been reported that VEGFR-2 plays a
leading role in the signal transduction of VEGF
and the generation of vascular endothelium. The
combination of VEGF and VEGFR-2 causes a series
of changes in vascular endothelial cells, which
regulates their survival and promotes the formation
of new vessels with integrity through anti-apoptosis.
In addition, VEGF can continuously stimulate
VEGFR-2 to mediate the DNA synthesis of tumor
vascular endothelial cells to induce the migration and
proliferation of endothelial cells. It also changes the
vascular permeability, increasing plasma leakage.
Research (14) showed that rectal cancer invades the
adjacent normal tissues firstly through generating
new vessels. In the early stage, a continuous increase
of the VEGF receptor of colonic mucosa results in
rectal cancer occurrence.

This research shows that the expression of VEGF
and VEGFR-2 in the serum of rectal cancer patients
was evidently higher than that in healthy persons.
Compared to pre-chemotherapy expression, the
expression of VEGF and VEGFR-2 in serum after
chemotherapy declined, but was still higher than

the control group. Therefore, it is believed that the
levels of VEGF and VEGFR-2 in serum are related
to the occurrence of rectal cancer, which suggests
that VEGF and VEGFR-2 are reliable tumor markers.
VEGF and VEGFR-2 of patients with CR+PR and
NC all remarkably decreased after chemotherapy,
and the decrease in the former was more significant
than the decrease in the latter. This indicates that
chemotherapy effectively inhibits the birth of new
vessels and induces tumor cell apoptosis to reduce
the expression of VEGF and VEGFR-2, which leads
to anti-tumor effects. Otherwise, the level of VEGF
and VEGFR-2 in serum would not decline, which
can be deducted from the PD group. Furthermore,
VEGF and VEGFR-2 were expressed highly before
chemotherapy and they presented positive correlation.
After chemotherapy, VEGF and VEGFR-2 was
reduced in a greater degree in the CR+PR group than
in the NC group, indicating that VEGF and VEGFR-2
contributes to the occurrence and development of
rectal cancer. Thus the supposition that the detection
of VEGF and VEGFR-2 contributes to the assessment
and evaluation of the curative effects of chemotherapy
and prognosis.

To sum up, VEGF and VEGFR-2 are two effective
indexes for tumor progression and migration, while
neoadjuvant chemotherapy helps to improve the
expression of VEGF and VEGFR-2 in the blood of
patients with rectal cancer, to degrade tumor staging.
Besides, neoadjuvant chemotherapy lessens tumor
size and decreases the probability of local relapse,
which has positive significance in middle and
advanced rectal cancer. During the administration
of neoadjuvant chemotherapy, tumor changes
should be closely observed and monitored to adjust
therapeutic planning, so that patients can be treated
with an optimal curative effect. In addition, changes
of VEGF expression and VEGFR-2 expression after
chemotherapy can reflect the short-term effects
of chemotherapy. Besides, biological functions
of VEGF and VEGFR-2 and their roles in tumor
angiogenesis offer new concepts in various aspects,
such as rectal cancer treatment, assessing prognosis
and targeted drug development. It is believed that
the curative effects of rectal cancer will be enhanced
in the near future if patients undergo individual
neoadjuvant chemotherapy in an effective and safe
way according to their conditions.
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The third Chinese nationwide survey on causes of death states that cerebrovascular disease,
accounting for 22.45% of total deaths, ranks as the first cause of death among rural and urban residents.
It has become a serious public health problem since it has the highest disability and fatality rate among
single diseases. Cerebral infarction is the most common cerebrovascular disease. In order to enhance
the treatment response of cerebral infarction, this paper established male Sprague Dawley (SD) rat
reperfusion model with 2 h of cerebral artery embolism by suture method. Neurological function deficit
was scored according to rat improvement 24 h after model establishment, and 50 rats with scores between
10 and 13 were included in an ultimate experiment and were randomly divided into 5 groups: undisturbed
control group, vascular endothelial growth factor (VEGF) up-regulated vessel group, endostatin
down-regulated vessel group, ventricle injected Cxc Chemokin Receptor 4 (CXCR4) antibody group,
ventricle injected a6p1 antagonist (GoH3 antibody) group, respectively. The experiment was initiated
after grouping and measurement of the relative data. The obtained results showed that the behavioral
recovery of the VEGF group was more obvious compared with the control group, and the differences
were statistically significant. The research was carried out using decreased modified neurological
severity scores (mNSS), and the time a rat took to remove a pasted object. However, the behavioral
recovery in the endostatin group, anti-CXCR4 group and GoH3 group was slow, and the difference was
statistically significant, which showed as slowly decreased mNSS scoring and inconspicuous improved
time of a rat removing a sticker. Compared with the control group, the number of peripheral BrdU+/
vWF+ cells of rat cerebral infarction in the VEGF group increased, and the peripheral VEGF expression
quantity of cerebral infarction increased, thus the difference was statistically significant. However, cells
in the endostatin group, anti-CXCR4 group, and GoH3 group were fewer and VEGF expression was
reduced, and the difference was statistically significant. All these findings suggest that the promotion
of angiogenesis after cerebral infarction can better provide the vascular niche for the proliferation,
migration and differentiation of neural stem/progenitor cells (NSPCs), thereby further promoting
endogenous nerve regeneration. NSPCs can always closely connect with vessels through the interaction
of integrin a6p1 and laminin; furthermore, under the support provided by the vascular niche and the
chemotaxis of stromal cellderived factor (SDF-1), NSPCs can migrate from the subventricular zone
(SVZ) to the periphery of infarction.

Cerebral apoplexy is one of the most common and frequently occurring diseases, characterized by high
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morbidity, and high fatality, disability and recurrence
rates. Cerebral apoplexy includes cerebral arterial
thrombosis and hemorrhagic apoplexy, of which the
morbidity of cerebral arterial thrombosis accounts for
70%-80% of cerebral apoplexy, causing severe harm
to humans (1). Its poor prognosis is mainly because
of the difficult repair of scathing brain tissue after
ischemia reperfusion. However, to date, there are no
effective means to completely repair the damaged
tissues. Moreover, neurological function impairment
after cerebral infarction lasts for a lifetime, leading
to a low quality of life for the patient himself, his
family and society. As a result, a means to enhance
the treatment response of cerebral infarction is the
core problem to be solved by researchers. The article
of Liu Chunhon, et al. (2) discussed the influence
factors for cognitive disorder after cerebral infarction
and analyzed the relationship between prognosis of
cerebral infarction and cognitive disorder, to help
speed up the recovery of patients in the later stage
of rehabilitation. The manuscript by Duan and Zou
(3) summarized the risk factors of cerebral infarction
in order to correctly improve the health of patients
with the influencing factors of cerebral infarction,
and provide reference for the prevention of cerebral
infarction. Zhang et al. (4) discussed the value of
susceptibility weighted imaging (SWI) to assess
reperfusion injury after cerebral infarction and its
correlation with clinical state. It proved that SWI
technology could sensitively and objectively evaluate
the bleeding and collateral circulation of reperfusion
injury after cerebral infarction. Therefore, SWI
is expected to be an effective method for disease
prediction and therapy evaluation for cerebral
infarction patients.

In recent years, many studies have been carried
out concerning cerebral infarction, especially the
phenomena of angiogenesis after cerebral infarction
and endogenous nerve regeneration. Research
has found that the promotion of angiogenesis
around the infarction after cerebral infarction can
notably activate endogenous nerve regeneration,
thereby achieving better neural function recovery
(5). However, whether angiogenesis directly
leads to endogenous nerve regeneration should be
further studied, as well as the involved molecular
mechanism. By up-regulating and down-regulating
the angiogenesis surrounding infarction, this paper

discusses the relationship between angiogenesis
and endogenous nerve regeneration after cerebral
infarction on the basis of previous research. Also,
this manuscript further discusses the molecular
mechanism of laminin and its receptor integrin
061 in regulating vascular nerve regeneration after
cerebral infarction.

MATERIALS AND METHODS

Experimental materials and objects
A total of 50 healthy male SD rats were selected, and
the main reagents and their functions are shown in Table I.
Main experimental instruments and their functions are
shown in Table II.

Experimental methods

This paper established male SD rat reperfusion model
with 2 h of cerebral artery embolism with suture method.
Neurological function deficit was scored according to rat
improvement 24 h after the model establishment, and 50
rats with scores between 10 and 13 were incorporated
into an ultimate experiment. The rats were randomly
divided into 5 groups: 10 in each group: A: undisturbed
control group; B: VEGF up-regulated vessel group, in
which an osmotic micro pump (alzet 1007D/kit2,100ul/
lw) was implanted in infarction periphery 3 days after
the model establishment, and VEGF accumulated to 4
ug; C: endostatin down-regulated vessel group, in which
an osmotic micro pump (alzet 1007D/kit2,100ul/Iw) was
implanted in infarction periphery 3 days after the model
establishment, and endostatin accumulated to 20 ug; D:
ventricle injected CXCR4 antibody group, in which an
osmotic micro pump (alzet 1007D/kit2,100ul/lw) was
implanted in infarction periphery when the model was
stabilized 3 days after model establishment, and anti-
CXCR4 accumulated to 4 ug; E: ventricle injected a6pi
antagonist (GoH3 antibody) group, in which an osmotic
micro pump (alzet 1007D/kit2,100ul/lw) was implanted in
infarction periphery when the model was stabilized 3 days
after model establishment, and GoH3 accumulated to 4 ug.
After model establishment, the rats were intraperitoneally
injected with 5- bromodeoxyuridine (BrdU) in the first
day, and were marked with the proliferated endogenous
NSPCs (1). Neural functional recovery condition was
assessed with modified neurological severity scores
(mNSS) and a sticky object removing experiment (2). The
change of peripheral metabolism of cerebral infarction
after injecting VEGF and endostatin was analyzed by
18F-FDGmicro-PET (3). The proliferation, migration and
differentiation of NSPCs in SVZ, infarction periphery
and corpus striatum were marked by fluorescence double
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dyeing with BrdU, nestin, doublecortin (DCX), glial
fibrillary acidic protein (GFAP), neuron-specific nuclear
protein (NeuN) and von Willebrand factor (vVWF) (4).
SVZ whole amount: SVZ was dissected and isolated in
the infarction side. Through BrdU marking proliferated
stem cells, laminin marking vascular and a6pi antibody
marking NSPCs, the relationships were studied between
NSPCs, laminin and vessel, the distance was measured
between NSPCs and the closest vessel and the vascular
microenvironment of SVZ.

Data acquisition

Photographs of immunofluorescence were carried out
under laser scanning confocal microscope or common
fluorescence microscope. The excitation and emission
wavelength of FITC were 492 nm and 520 nm, respectively;
the excitation and emission wavelength of Cy3 were 550
nm and 570 nm, respectively; the excitation and emission
wavelength of DAPI were 350 nm and 450 nm, respectively.
Aimed at the same index, 5 groups of brain slices of the
same position were taken and 6 brain slices of each rat were
analyzed, with the interval of 120 mm; the main viewing
zones were SVZ, subgranular zone (SGZ) or infarcted
border zone (IBZ). The analysis and count of positive cells
were calculated by ImageProPlus software, and then the
average value of six brain slices was taken.

mNSS score

mNSS (6) scores were givento the rats 1 day before
modeling and 1 day, 1 week, 2 week, and 4 week after
modeling.

Experiment of feeling and removing sticker

Before the experiment, the animals familiarized with
the experimental environment, and urine and faeces were
promptly removed. A sticky circular patch, § mm diameter,
was stuck on the first joint of bilateral forepaws of rats.
Normal rats would attempt to remove the sticker under the
stimulation of stickiness. A specifically assigned person
recorded the time taken to remove the sticker. Rats which
could remove the sticker in 10 s on bilateral sides were
included for modeling. This experiment was performed 1
day before modeling and 1 day, 1 week, 2 weeks and 4
weeks after modeling. The test was repeated 3 times for
each experiment, with a time interval of more than 10 min.
The order and times of sticker removal were recorded for
the right side and left side and then the average value of
the results of 3 tests was calculated. Specific criteria are
shown in Table 3.

Statistical analysis
SPSS 19.0 data analysis software was applied and
metrical data was expressed by Mean + SD. The survival

rates of the groups were compared by chi-square test;
behavioral score of the groups were compared by variance
analysis of repeatedly measured data; immunoflurescence
measured data, comparative infarction volume, blood
perfusion data, and Western blot results of the groups
were detected by sample #-test.

RESULTS

Behavioral comparison

Behavioral score of MCAO model one day
before, one day after, and three days after modeling
in the VEGF group, endostatin group, CXCR4
group, GoH3 antibody group and control group were
compared, and the difference was of no statistical
significance.

On the 7th day, the results of the sticker removing
test of the VEGF group was statistically significant
compared to the control group, with a shorter time
for sticker removal; behavioral score of the GoH3
group was statistically significant compared to the
control group, as mNSS decreased slowly and the
time of sticker removal was longer. However, the
other groups had no statistical significance compared
to the control group.

Micro-PET

Four days after establishing MCAO model, rats
were examined under micro-PET. The results of
the undisturbed control group, VEGF group, and
endostatin group showed that infarction was located
on the artery blood supply area on the right side of
the brain (cerebral cortex and basal ganglia lateral
infarcts) (Fig. 1). Differences of metabolism defects
in the side of cerebral infarction between groups were
not able to be statistically analyzed since the sample
size was too small. Fourteen days after establishing
MCAO model, cortex and corpus striatum in the side
of cerebral infarction took more 18F-FDG compared
to four days after establishing the model (Fig. 1B,
see point indicated by arrow), but had remarkably
decreased metabolism defects and the decline
range was larger than the in control group. In the
endostatin group, cortex and corpus striatum on the
side of cerebral infarction had no remarkable change
compared to 4 days after establishing the model, nor
was there improvement of metabolism. Statistical
analysis could not be carried out due to the small
size of the sample.
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Table 1. Main reagents and their functions

Main reagent Function Usage Stage
10% chloral hydrate Anesthesia Modeling stage
4% paraformaldehyde solution Cardiac perfusion and brain fixation Dying stage
20% sucrose solutions Dehydration Dying stage
(Tris Buffered Saline) TBS Rinse section Dying stage
Confining liquid Incubate brain tissue Dying stage
Table I1. Main experimental instruments and their functions
Main experimental instruments Usage Stage
Electronic balance Weigh Modeling stage
Low temperaturc? and high speed Collect brain cells Modeling stage
centrifuge
Placing into the brain of mice to form .
Nylon thread blood flow Modeling stage
Operating microscope Zoom in the picture Modeling stage
P & P of mouse brain for observation gstag
Abrasive drilling Drill skull Modeling stage
Freezing microtome Slice brain tissue Dying stage
Confocal laser scanning microscope Take photo Dying stage

Influence of different interventions on angiogenesis
BrdU and vWF fluorescence double dyeing were
used to mark the proliferated vascular endothelial
cells after cerebral infarction. Results showed that
BrdU+/vWF+ cell count around cerebral infarction
in the VEGF group comparatively increased
compared to the control group, and the difference
was statistically significant (Fig. 2). The number of
BrdU+/vWF+cells around cerebral infarction in the
Endostatin group comparatively decreased compared
to the control group (Fig. 3). However, BrdU+/vWF+
cell count in the CXCR4 group and the GoH3 group
had no statistical difference compared to the control
group. Fig. 4 shows the difference more directly of
BrdU/vWEF+ cell count in the different groups.

Influence of down-regulating or up-regulating
angiogenesis on the proliferation and migration of
endogenous NSPCs

Endogenous NSPCs in SVZ in the side of cerebral
infarction was marked by nestin dyeing. Nestint
cell count in SVZ in the VEGF group obviously
increased when compared with the control group,

while the positive cells mentioned above in the
endostatin group comparatively decreased compared
to the control group.

Neuronal-restricted precursor cells were marked
by DCX dyeing and the migration situation of
endogenous NSPCs after differentiating to neuronal-
restricted precursor cells was traced. BrdU and DCX
double dyeing results showed that DCX+ cell count
in SVZ in the side of cerebral infarction in the VEGF
group increased compared to the control group.

Influence after anti-CXCIU or anti-a6f1 on the
proliferation and migration of endogenous NSPCs
Endogenous NSPCs in SVZ in the side of cerebral
infarction was marked by nestin dyeing. The number
of nestintcells in SVZ of the CXCR4 group had
no significant difference when compared with the
control group, while positive cells in the GoH3
group mentioned above comparatively decreased
when compared with the control group.
Neuronal-restricted precursor cells were marked
by DCX dyeing and the migration situation of
endogenous NSPCs after differentiating to neuronal-
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Table IILI. mNSS of rats.

Content of function test

Scores

Movement test (lift rat tail)

Foreleg shrinkage

Hind leg shrinkage

Head movement and deviate perpendicular line for more than 10 degrees

—_

Place rats on the floor

Normal walking

Not able to walk normally

Rotate towards paresis side

Leans towards paresis side

—_ = -

Feeling test

Topognosis test: move animal towards lateral side but the animal can not move

no shrinkage response

Proprioception test: put the affected limb at the edge of table and the animal has

—

Cross bar balance test

Balance

Grab one side of cross bar

Clasp cross bar and one limb falls down

than 60 degrees

Clasp cross bar and two limbs fall down; or clasp cross bar for rotating for more

Attempt to balance; but fails and falls down (>40 s)

Attempt to balance; but fails and falls down (> 20 s)

Fall down (< 20 s)

N[ W |N|—= O

Areflexia and abnormal movement

Auricle reflex (shakes head after stimulating ear canals)

Cornea reflex (blinks after stimulating cornea with cotton)

Scare reflex (moves or screams while hearing sound)

171

Tic, myoclonus and dystonia

U (NN [

restricted precursor cells was traced. BrdU and DCX
double dyeing results showed that DCX+ cell count in
SVZ in the side of cerebral infarction in the CXCR4
group had no significant difference when compared
with the control group. The number of DCX+ cells in
SVZ in the GoH3 group decreased compared to the
control group.

Endogenous NSPCs in SVZ in the side of cerebral
infarction was marked by BrdU dyeing. The number
of DCX+ cells in SVZ in CXCR4 had no significant
difference when compared with the control group;
the number of BrdU+cells in the corpus striatum area
and around infarction comparatively decreased more

than the control group; however, BrdU positive cells
in SVZ, corpus striatum and peripheral infarction
in GoH3 group decreased more than in the control

group.
DISCUSSION

Angiogenesis refers to the growth and
development of new vessels. Research has found
that most neuronal-restricted precursor cells gather
near the vascular endothelial cells in mitosis. These
endothelial cells can secrete some soluble factors
for inducing the proliferation of neuronal-restricted
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Fig. 1. A) Micro-PET examination results of undisturbed control group at 4th day and 14th day. B) Micro-PET examination
results of VEGF group at 4th day and 14th day. C) Micro-PET examination results of endostatin group at 4th day and

14th day.

precursor cells, whichis also called nerve regenerative
vascular niche. The close relationship between
angiogenesis and nerve regeneration indicates that
multiple factors in the vascular system can promote
nerve regeneration. In the literature, many studies (7,
8) focused on the effect of VEGF on angiogenesis,
and an increasing number of researchers believe that
VEGEF is a multi-functional growth factor that can
affect nerve cells by multiple approaches. In addition,
there are also other research results suggesting that
many other cytokines, such as BDNF, IGF-1, BFGF
and TGF, can promote angiogenesis, but they all

depend on the up-regulation of VEGF expression. In
this experiment, the neuro proliferation, migration
and differentiation in SVZ in the VEGF group
comparatively increased compared to the control
group, indicating that nerve regeneration also
significantly strengthened after angiogenesis was
promoted. However, the endostatin group which
inhibited angiogenesis acquired opposite results. All
the above findings demonstrate that the promotion
of angiogenesis after cerebral infarction can better
provide the vascular niche for the proliferation,
migration and differentiation of NSPCs, thereby
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Fig. 2. BrdU+/VWF+ cell count around cerebral infarction
in VEGF group.
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Fig. 4. BrdU+/WF+ cell count in different groups.

further promoting endogenous nerve regeneration.
Previous studies (9, 10) have shown that vascular
endothelia cells can compound mass of laminin
released to the peripheral matrix in vessels. Therefore,
the laminin is highly expressed around vessels and the
receptor of laminin is integrin a6p1. Recently, it was
also found that the expression of integrin a6p1 was

Fig. 3. BrdU+/VWF+ cell count around cerebral infarction
in Endostatin group.

ES CXCR4 GoH3

the common feature of multiple stem cells, including
embryonic stem cell, neural stem cell of embryonic
period, hematopoietic stem cell, etc., and NSPCs in
SVZ of adults also expressed integrin a6 (11). This
experimental result showed that the proliferation
of NSPCs in SVZ had no remarkable change after
injecting CXCR4 antibody into the ventricle, but
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its migration and differentiation ability decreased.
After injecting GoH3 antibody into the ventricle,
cell proliferation, migration and differentiation in
SVZ were all inhibited. Therefore, we deduced that
the reason NSPCs can always keep close connection
with the vessel is because of the interaction between
integrin a6pl and laminin. Under the support
provided by the vascular niche and the chemotaxis of
SDF-1/CXCR, NSPCs could migrate from “healthy”
SVZ to peripheral infarction.

Recent decades have seen a rapid development
in basic research and preclinical research. To date,
besides hematopoietic stem cell transplantation,
other stem cells are still in an early stage of
research. Undoubtedly, the achievements of this
experiment provide a new idea for the treatment
of cerebral infarction, focusing on endogenous
nerve regeneration. Promoting endogenous nerve
regeneration upon actions of exogenous cytokines can
offer a theoretical basis for stem cell transplantation,
and is also a treatment that can avoid rejection
because of ethics and immunology.
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Pleiotrophin (PTN) is a kind of heparin binding growth factor closely related to tumor progression.
This study aimed to discuss the significance of the expression of PTN in benign and malignant lung
cancer tissues, especially small cell lung cancer. Lung cancer samples were collected for study and lung
tissue samples with benign lesions were taken as controls. The expression of PTN was detected using
tissue chip combined with the immunohistochemical method, and the differences of small cell lung
cancer with non-small cell lung cancer and benign lesion tissue were compared. It was found that PTN
expression was mainly located in the cytoplasm and membrane of cells; PTN expression in the lung
cancer group was higher than that in the control group (p<0.01), and PTN expression in the small
cell cancer group was higher than that in the squamous carcinoma group and glandular cancer group
(p<0.05). In addition, PTN expression quantity in patients with lung cancer were in close correlation with
TNM staging, pathological type and tumor differentiation degree (p<0.05). PTN was found to express
abnormally high in lung cancer, especially small cell lung cancer tissue. PTN is most likely to be a new

tumor marker for diagnosis and prognosis of lung cancer.

Lung cancer with increasingly higher incidence
and mortality has become one of the most common
malignant tumors and ranks the primary cause of
deaths induced by various tumors (1). Recently,
increasing importance has been given to a new
method of target gene therapy for treatment of
tumours. Pleiotrophin (PTN), a protooncogene with
high affinity, plays an important role in the growth
and metastasis of tumor cells. Some studies have
found that PTN is highly expressed in multiple tumor
cells and tumor tissues. Other studies (2-5) have
reported that PTN also expresses in lung cancer, and
its expression in small cell lung cancer is higher than
that in non-small cell lung cancer. Harris, et al. (6)
found that compared with lung squamous carcinoma
and adenocarcinoma, small cell lung cancer has

the shortest multiplication time, which might be
related to the growth promoting effect of PTN. Yao,
et al. (7) found that PTN protein expressed highly
in pancreatic cancer, and that it was thought to be
correlated to TNM staging, lymph node metastasis
and prognosis. On this basis, PTN is speculated to
play a role in promoting tumor growth and inducing
proliferation and differentiation of lung cancer cell.
This study was based on the expression of PTN in
benign and malignant lung cancer, especially small
cell lung cancer.

MATERIALS AND METHODS

A total of 83 cases of lung cancer patients who
provided complete clinical data and who underwent

Key words: pleiotrophin, small cell lung cancer, expression research, tumor marker
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operation between September 2006 and March 2011 in our
hospital were enrolled in this study. Of the 83 lung cancer
specimens, 59 were from men and 24 women, with age
ranging from 39 to 86 years (mean 62.8+9.0 years). None of
the subjects had undergone radiotherapy or chemotherapy
before operating, and the samples were confirmed by
pathological examination after operation. There were
12 cases of squamous carcinoma (squamous carcinoma
group), 30 cases of adenocarcinoma (adenocarcinoma
group) and 41 cases of small cell carcinoma (small cell
carcinoma group). Based on TNM staging, 10 cases were
in stages [ and II and 31 were in stages III and IV. Of 12
cases of squamous carcinoma, 11 were high-differentiated
and medium differentiated squamous carcinoma and 1
was low-differentiated squamous carcinoma; 4 cases had
not suffered from lymphatic metastasis while 8 cases
had. Of 30 cases of adenocarcinoma, 11 cases were
high-differentiated and medium-differentiated, and the
remaining 19 cases were low-differentiated; 5 cases had
not suffered from lymphatic metastasis while 25 cases
had. Of 41 cases of small cell carcinoma, 34 cases were
high-differentiated and medium-differentiated and the
remaining 7 cases were low-differentiated. In addition,
lung tissue samples from 13 patients [5 male and 8§ female,
with age ranging from 29 to 74 years (mean 55.9 +11.5
years)] who were confirmed as benign were taken as
controls.

The main reagents used were mouse anti-human PTN
monoclonal antibody (British Abcam Company), goat anti-
mouse IgG secondary antibody, diaminobenzidine (DAB)
chromogenic reagent kit (Fujian Maixin Biotechnology
Co., Ltd.).

Immunohistochemical SP

The tissues were embedded with paraffin, sliced
and then heated for 20 min at 68°C. The sections were
then dewaxed by dimethylbenzene and dehydrated by
alcohol gradient; moreover, the endogenous peroxidase
content was blocked. After repairing by antigen, the lung
cancer tissue was sealed by goat serum and added with
PTN monoclonal antibody in a ratio of 1:250. The next
day it was rinsed with 0.01 mol/L PBS and then added
with biotin (second antibody). Streptomycin ovalbumin
working solution labelled by horseradish peroxidase was
added, and the tissue was rinsed by 0.01 mol/L PBS; the
liquid was developed by DAB, redyed and dehydrated
gradually. After mounting with neutral balsam, the result
was observed under light microscope. 0.01 mol/L PBS
was used as the negative control taking the place of
second antibody.

Assessment criteria

Cells with yellow or claybank dyeing inside

cytomembrane or cytoplasm were considered as positive
cells. Photos were taken at five non-overlapping views
with even dying for every dot matrix under 400x light
microscope. Absorbance value of positive dying in every
picture was measured using Image-proplus 6.0 and then
the average value was calculated as the average absorbance
value of that section. Because the average absorbance
value was positively correlated to the expression of
protein in positive cells, the value was taken as the semi-
quantitative value of PTN expression of that sample.

Statistical analysis

GraphPad Prism 5.0 statistical software was used
for data analysis. Measurement data were expressed by
median and carried out by non-parametric Mann-Whitney
u test. Enumeration data were expressed by rate and ¢?
test. P< 0.05 was considered statistically significant.

RESULTS

Cytoplasm and cytomembrane were the main
locations for positive expression of PTN as yellow,
claybank or brown particles could be observed
in lung cancer tissue. But there was no positive
expression of PTN in benign lung tissue (Fig. 1).

The average absorbance value of PTN positive
protein was 0.2134 (0.0226-0.3737) in the lung
cancer group, higher than that in the control
group [0.0460 (0-0.1943)] (p<0.01); the average
absorbance value of PTN protein in small cell cancer
group was higher than that in squamous carcinoma
group and glandular cancer group, and the specific
values are shown in Table 1. The cases were divided
into a high and medium differentiation group and a
low differentiation group based on the different cell
differentiation of lung cancer. The average optical
density of two groups was 0.2065 (0.0226-0.2853)
and 0.2214 (0.0443-0.3736), respectively, and a
statistical significance was found in the difference
(P<0.05) (Table II).

The cases were divided into a high expressed
PTN group and a low expressed PTN group
according to the average absorbance value. The
average absorbance value of the high expression
group was more than 0.2134, while that of the
low expression group was less than 0.2134. It was
found that PTN expression of patients with lung
cancer was correlated to TNM staging (except for
the small cell cancer group), pathological type and
tumor differentiation degree, but with no correlation
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Table 1. Average absorbance value of PTN protein in different lung cancer groups.

Lung cancer group Average absorbance value of PTN protein
Small cell carcinoma group 0.2330(0.1919-0.3737)
Squamous carcinoma group 0.2134(0.0292-0.2977)

Glandular cancer group 0.2005(0.0226-0.2854)

Table I1. Expression of PTN in lung cancer tissues with different differentiation.

Group Case number Median and average optical density P value

High differentiation group 56 0.2065 (0.0226-0.2853)
<0.05

Low differentiation group 27 0.2214 (0.0443-0.3736)

Table I11. Correlation between PTN expression level and clinical index of patients.

Clinical index Case number | Percentage (%) ‘ High expression ‘ Low expression P value
Age
>60 55 66 28 27
>60years > 0.05
< 60years 28 34 13 15
Gender
Male 59 71 32 27
> (.05
Female 24 29 9 15
Smoking habit
Yes 56 67 30 26
> (.05
No 27 33 11 16
Tumor size
>3cm 66 80 27 39
>0.05
<3cm 17 20 14 3
Lymph node metastasis
Yes 56 68 26 30
>0.05
No 27 32 15 12
Distant metastasis
Yes 12 14 5 7
>0.05
No 71 86 36 35
TNM staging
I-1I 10 24 2 8
<0.05
-1v 32 76 20 12
Differentiation degree
High and medium
differentiation >6 67 24 32 <0.05
Low differentiation 27 33 17 10
Pathological types
Squamous carcinoma 12 14 6 6
Glandular cancer 30 36 14 16
<0.05
Small cell cancer 41 49 21 20

Note: TNM staging except for small cell cancer group
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Fig. 1. PTN expression in malignant and benign lung cancer (SP method, %x400).

regarding age, gender, smoking or not, tumor size
and lymph node metastasis. The correlation between
PTN expression level and clinical index of patients
is shown in Table I11.

DISCUSSION

PTN is also called heparin affinity regulatory
peptide, the mRNA and protein expression of which
can be found in different types of tumor cell lines
and tumor specimens of different sources. PTN, a
kind of growth promoting protooncogene, expresses
highly in multiple tumors, like breast cancer,
pancreatic cancer, colorectal cancer, etc.. Small cell
cancer is one of the neuroendocrine neoplasms with
the highest degree of malignancy. It has been proved

that the content of PTN mRNA in small cell lung
cancer is much higher than that in non-small cell
lung cancer at gene level (5). In the present study, the
average absorbance value of PTN positive protein
in the lung cancer group was higher than that in the
control group, and the average absorbance value of
PTN positive protein in the small cell lung cancer
group was higher than that in both the squamous
carcinoma group and glandular cancer group. It
showed that PTN expression was related to the
pathological type of lung cancer. In addition, Harris,
et al. (5) once found that compared with squamous
lung cell carcinoma and adenocarcinoma of lung,
small cell lung cancer had the shortest multiplication
time. In their in vitro study, Jégar, et al. (8) found that
the positive expression rate of PTN mRNA in small
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cell lung cancer lines was distinctly higher than
that in non-small cell lung cancer lines; and PTN
in small cell lung cancer was more likely to express
higher than in non-small cell lung cancer, which is
consistent with the finding in the present study that
the expression of PTN was more highly expressed
in the small cell lung cancer group than in the
squamous carcinoma group and the adenocarcinoma
group. These clinical findings lay a certain basis for
PTN to become the tumor marker of small cell lung
cancer diagnosis.

These studies showed that the expression of PTN in
lung cancer was obviously higher than that in benign
lesion tissues, and the expression of PTN in lung
cancer was in positive correlation with TNM staging
and differentiated degree. The study of Tsirmoula, et
al. (9) implied that the highly expressed PTN could
lead to malignant phenotype of cancer cell, and at
the same time, the down-regulated expression of
PTN was able to inhibit the proliferation, metastasis
and invasion of tumor cell. Jigar, et al. (8) through
experimental research verified that PTN expression
in serum from patients with lung cancer increased
and presented a correlation with TNM staging, which
is evidence for the research results of this paper.
However, age, gender, smoking or not, tumor size,
lymph node metastasis and distant metastasis were
not found to be correlated with the expression level
of PTN. In order to prove these results, further study
on a larger number of specimens is necessary.

The above studies demonstrate that PTN expresses
highly in lung cancer, especially small cell lung
cancer; furthermore, PTN may play an important
role in the occurrence, development and metastasis
of tumor. Future studies are suggested to concentrate
on PTN as the target of drug action or synthesize
PTN inhibitor in vitro, so as to down regulate PTN
or achieve complete inhibition, thereby blocking the
further growth and metastasis of tumor. However,
the mechanism of the role of PTN in the occurrence
and development of tumor is still not confirmed,

therefore, more research and discussions are needed.
REFERENCES

1. Siegel R, Naishadham D, Jemal A. Cancer Statistics,
2012. CA Cancer J Clin 2012; 62(1):10-29.

2. Yang LX, Li M, Li XN, Li JH. Expression and
significance of PTN in lung adenocarcinoma patients.
Chinese J of Histochemistry and Cytochemistry
2011; 20(3):275-80.

3. Jiang JP, Yu Y, Du ZY, Shi MH. Expression and
significance of pleiotrophin in lung cancer. Jiangsu
Medical J 2014; 40(1):24-26.

4. Yu Y. Gene
recombined ientivirus-mediatal sirna technology

therapy experimental study of
targeting pleiotrophin in small cell lung cancer.
Jiangsu: Suzhou University 2010. http://cdmd.cnki.
com.cn/Article/CDMD-10285-1011032852.htm

5. YuY, Shi MH, Xu X, Zhang ZL, Hu HC. Analysis
of expression profiles of some tumor growth-related
genes after silencing of pleiotrophin in human small
cell lung cancer H446 cells. Chinese J of Oncology
2010; 32(6): 405-9.

6. Harris K, Khachaturova I, Azab B, et al. Small cell
lung cancer doubling time and its effect on clinical
presentation: a concise review. Clin Med Insights
Oncol 2012; (6):199-203.

7. YaolJ,MaQ,WangL,Zhang L. pleiotrophin expression
in human pancreatic cancer and its correlation with
clinicopathological features, perineural invasion and
prognosis. Dig Dis Sci 2009; 54(4):895-901.

8. Jdgar R, List B, Knabbe C, et al. Serum levels of the
angiogenic factor pleiotrophin in relation to disease
stage in lung cancer patients. Br J Cancer 2002;
86(6):858-63.

9. Tsirmoula S, Dimas K, Hatziapostolou M, Lamprou
M, Ravazoula P, Papadimitriou E. Implications
of pleiotrophin in human pc3 prostate cancer cell
growth in vivo. Cancer Sci 2012; 103(10):1826-32.






JOURNAL OF BIOLOGICAL REGULATORS & HOMEOSTATIC AGENTS

LETTER TO THE EDITOR

Pig-h3 CORRELATES WITH RELATED FACTORS
OF PERITONEAL METASTASIS OF GASTRIC CANCER

Vol. 29, no. 1, 181-186 (2015)

F. WANG, XW. LI, WB. LU and JH. JIN

Department of Oncology, Wujin People's Hospital The Affiliated Hospital of Jiangsu University,
Jiangsu, China

Received November 22, 2014 — Accepted January 29, 2015

Pig-h3 is an extracellular matrix protein induced by transforming growth factor-p1 (TGF-p1) and
involved in adhesion between cell and cell, cell and matrix. It has been proved that pig-h3 is highly expressed
in human lung cancer and colorectal cancer cells, and thus it is considered to have the same effect on gastric
cancer cells. This research applied histochemical staining and RT-PCR to detect the content of Big-h3 in
peritoneal mesothelial cells and the content of carcino embryonic antigen (CEA) mRNA in abdominal
dropsy or peritoneal washing liquid, in order to explore the relationship between the factors of peritoneal
metastasis of gastric cancer and Pig-h3. It was found that the positive ratio of pig-h3 in the gastric cancer
group was higher than that in the benign disease group, and the positive rate of immunohistochemistry was
closely related to the relative factors of peritoneal metastasis such as tumor infiltration depth, serosal types,
macroscopic peritoneal metastasis, CEA mRNA, results of pleural lavage cytology (PLC) examination,
etc. Research found that Big-h3 expressed distinctly in gastric cancer peritoneal metastasis, therefore, it is

useful for monitoring biological behavior of gastric cancer.

Gastric cancer originating from canceration of
gastric mucosa epithelial cells is one of the most
common malignant tumors with high incidence
and mortality (1, 2). Complete resection is its main
treatment method. However, patients still die due
to the spread of the tumor cells even after surgery,
with a percentage of 40% to 50%. The reason is
considered to be that cancer cells penetrate gastric
serosa or that the metastatic lymph gland capsule has
gone into enterocoelia before operation, and after a
certain period metastasis nodules form (3-5).

Currently, the “seed and soil” theory aiming at
the gastric cancer peritoneal metastasis has been
recognized and supported by most scholars. Form,

structure, function and influence factors of soil-
peritoneal mesothelium cells in the process of
metastasis are becoming the main focus points of
studies on gastric cancer peritoneal metastasis. Cast-
off cells, activated cancer cells or the cytokines they
secretes can change the form of peritoneum, thereby
turning it into a state suitable for tumor cells to plant,
adhere and grow and during the process TGF-B1 plays
an important role (6-9). In 1992, Skonier et al. found
that TGF-B1, that is induced and synthetised from
TGF-B, is involved in the adhesion between cell and
cell, cell and matrix in human lung adenocarcinoma
cancer cell line A549. In addition, there is research
proving that highly expressed Big-h3 in human lung

Key words: gastric cancer peritoneal metastasis, fig-h3, peritoneal fibrosis

Mailing address:

Dr Jianhua Jin,

Department of Oncology,

Waujin People’s Hospital The Affiliated Hospital of Jiangsu
University, No. 2, Yongning North Street,

Changzhou, Jiangsu 213002, China

e-mail: goldjhua@163.com

181

0393-974X (2015)
Copyright © by BIOLIFE, s.a.s.

This publication and/or article is for individual use only and may not be further
reproduced without written permission from the copyright holder.
Unauthorized reproduction may result in financial and other penalties
DISCLOSURE: ALL AUTHORS REPORT NO CONFLICTS OF
INTEREST RELEVANT TO THIS ARTICLE.



1 82 F. WANG ET AL.

cancer carcinoma cells and colorectal cancer cells
strengthened the ability of invasion and metastasis
of tumor (9, 10). Based on that, it is speculated that
Big-h3 plays a function in the process of TGF-B1
inducing peritoneal metastasis of gastric cancer.
Therefore, Li Zhen et al. (9) stimulated peritoneal
mesothelial cells by gastric cancer cells SGC-7901
cultured with TGF-B1 at different concentrations
and found a remarkably increased concentration
of Pig-h3, proving that culture supernatant fluid of
gastric cancer cells SGC-7901 and TGF- Bl can
promote HMrSV5 expression and Pig-h3 secretion.

This paper aims to further explore the relationship
between the expression of Pig-h3 in peritoneal
mesothelial cells from patients with gastric cancer
and the biological behavior of gastric cancer, as well
as its relationship with related factors of peritoneal
metastasis. Differing from previous researches on
gastric cancer peritoneal metastasis that are mostly
based on cast-off cells of gastric cancer, this paper
emphatically studies the relationship between the
related factors of peritoneal metastasis of gastric
cancer and Big-h3 through detecting the expression of
Big-h3 based on the form and function of peritoneal
mesothelial cells, applying immunohistochemical
methods and detecting the content of CEA mRNA
in abdominal dropsy or peritoneal washing liquid by
RT-PCR method.

MATERIALS AND METHODS

Materials

The research subjects were 75 cases of gastric cancer
undergoing surgical oncology in the First Hospital of China
Medical University from May 2011 to September 2011.
Of the 75 patients, 51 were male and 24 were female, with
age ranging from 32 to 81 years (mean 61 years). Also,
samples were taken from 14 patients with gastric benign
lesions in the same period as controls. All the patients had
not undergone radiotherapy or chemotherapy, and gave
informed consent.

Rat anti-human Big-h3 monoclonal antibody (Protein
Tech Co., USA), SP immunohistochemical knit (Maixin
Biological Technology Development Co., Ltd, Fuzhou).

Sample collection and PLC examination

During operation, a catheter was placed in the Douglas
cavity after laparotomy and then 100 ml of normal saline
was injected. The liquid was absorbed out of the cavity
after ot had been lightly stirred. If the patient already

had abdominal dropsy, then the abdominal dropsy
was absorbed directly. The abdominal cavity washing
liquid sample was centrifuged at 2000 r/min for 20 min.
Cytologic examination was performed on partial sediment.
Afterwards, RNA was extracted from other washing
liquid sediment, and stored in the cryogenic refrigerator.
Peritoneal tissue was took from the lower part of the
front abdominal wall and immediately fixed with 10%
formaldehyde solution. Then the tissue was embedded
by paraffin wax and sliced (5 um). Immunohistochemical
staining was carried out later.

Immunohistochemistry

The major procedures of SP staining method are: 1.
slice paraffin wax, followed by dewaxing and hydration; 2.
antigen retrieval: put the sections into 0.01 mol/L sodium
citrate buffer solution with pH 6.0 and repair the antigen
using microwave hot (high fire for 3 min and low fire for 16
min); 3. after adding peroxidase, the liquid was incubated at
room temperature for 20 min; 4. after washing by phosphate
buffered saline (PBS), add non-immune animal serum and
incubate it at room temperature for 15 min; 5. add primary
antibody for dilution at the ratio of 1:10, and place it at
4°C overnight; 6. After washing by PBS, add biotin to mark
second antibody and leave at room temperature for 20 min;
7. After washing by PBS, add biotin to mark third antibody
and incubate it at room temperature for 20 min; 8. develop
the color by DAB (3,3'-diaminobenzidine) and mount the
slice with neutral balsam. Primary antibody was replaced
by PBS as the negative contrast.

RT-PCR

Dalian TaKaRa Co., Ltd synthesized primer
sequences. PCR primer A of CEA mRNA was: 5’
-CATCATGATTG-GAGTGCTGGTTG-3’; primer B was:
5’-CACGATGTTGGC-TAGGATGGTC-3’, product 199
bp; according to the illustration of RT-PCR knit (BioEev-
Tech. Scientific & Technical Co., Ltd), add 2 pg RNA into
reaction system and place it at 42°C for incubation for 120
min. Then perform 95°C thermal denaturation for 5 min
afterwards, mRNA was reverse transcribed into cDNA.
PCR reaction conditions (94°C for 50 s, 55°C for 50 s,
72°C for 60 s) which were repeated for 32 times. Finally,
it was placed at 72°C for 8 min.

Analysis criteria

Japanese Gastric Cancer Pathology Statute was taken
as the standard to determine lesion differentiation degree,
growth pattern, serosal type and whether macroscopic
peritoneum was present or not. Depth of invasion was
based on Stage T in the 7th edition of TNM staging system
formulated by UICC. The PLC examination results of
gastric cancer peritoneal washing liquid was divided into
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PLC (-) group and PLC (+) group. Under the premise of
excluding nonspecific staining, peritoneal mesothelium
cytoplasm was yellow, claybank and sandy beige particle
inside were considered as the positive markers. After
PCR was augmented, the product was electrophoresed
in 2% sepharose gel containing EB coloring agent. If
positive strip was found at 199 bp, then CEA mRNA was
considered as positive.

Statistical analysis

SPSS16.0 was applied for data analysis. The indexes
between groups were compared by ¢? test. P < 0.05 was
considered to have statistical significance.

RESULTS

Immunohistochemical  staining of pig-h3 in
peritoneal tissue in gastric cancer group and benign
disease control group

The positive ratio of the gastric cancer group was
much higher than the benign disease group (p<0.05),
and a statistical significance was found between
them. Amount of positive and negative cases are as
shown in Table .

The pattern of peritoneal mesothelium cell
cytoplasm after immunohistochemical staining is
shown in Figs. 1 and 2.

Relationship between Big-H3 in peritoneal tissue and
the biological behavior of gastric cancer pathology

Of 75 cases of gastric cancer, Big-h3 from 29 cases
showed positive immunohistochemical staining results.
The positive rate of the peritoneal tissue increased in
undifferentiated gastric cancer with a diffused growth
and positive lymphatic metastasis but the difference
had no statistical significance; it significantly increased
in soakage serosa (T4) and serosa with tendinous and
colorfully diffused pattern. The difference had statistical
significance (p < 0.05) (Table II).
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Relationship between Pig-h3 in peritoneal tissue
with macroscopic peritoneal metastasis, PLC
examination and CEA mRNA expression

Of 75 cases of gastric cancer, 13 cases had
macroscopic peritoneal metastasis, and exfoliated
cancer cells which in 20 cases were positive. The
PLC (+) results are as shown in Fig. 3.

In addition, CEA mRNA in 32 cases was found
positive. The positive rate of Pig-h3 expression
significantly increased in the positive macroscopic
peritoneal metastasis group, the positive exfoliated
cancer cell group and the positive CEA mRNA group;
besides, the P value of the macroscopic peritoneal
metastasis, the PLC and the CEA mRNA group were
all distinctly lower than 0.05; the difference had
statistical significance (P<0.05) (Table III).

DISCUSSION

Pig-h3, the extra cellular matrix protein, plays
a regulation function in the growth, differentiation,
injury repair and formation of cells. Using
immunohistochemical methods, Ma et al. (11)
proved that fig-h3 in colon cancer tissue expressed
significantly high compared to normal intestinal
mucosal tissue; if the expression was inhibited, then
the invasion and metastasis of colon significantly
decreased. It was speculated that Pig-h3 played
an important role in gastric cancer peritoneal
metastasis. Through detecting the expression of
Big-h3 in patients with gastric cancer and gastric
benign disease, it was found that the positive rate in
patients with gastric cancer was significantly higher
than that in patients with gastric benign disease.

Implantation metastasis is the major approach of
gastric cancer peritoneal metastasis (12). In clinical
practice, we found that intraperitoneal exfoliated
cancer cells did not always cause peritoneal

Table 1. Cases of patients with gastric cancer and gastric benign disease.

Gastric cancer patients

Gastric benign Disease patients

Condition of patients —
Positive

Negative

Positive Negative

Case number 29

46 1 13

Positive rate 38.7%

7.1%

P value

0.030
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Table I1. Relationship between the expression of Pig-h3 in peritoneal mesothelial cell and pathological biological factors

of gastric caner.

Pathological biological factor Immunohistochemical staining of Big-h3 (n) P value
- +
Differentiation situation
Differentiation 19 10 0.555
Undifferentiation 27 19
Growth pattern
Type with block mass 29 17 0.362
and nest pattern
Diffuse type 24 12
Invasion depth
T1,T2, T3 32 12 0.016
T4 14 17
Lymphatic metastasis
Negative 21 16 0.338
Positive 25 12
Serosal type
Normal reaction type 13 3
Nodular type 19 9 0.037
Type with t.endinous and 14 17
colorfully diffused pattern

Table II1. Relationship between fig-h3 expression in peritoneal mesothelial cell and relative factors of gastric cancer

peritoneal metastasis.

Related factor of peritoneal metastasis Immunohistochemical staining of [3‘:g-h3 L P value
Macroscopic peritoneal metastasis
Negative 43 19 0.002
Positive 3 10
PLC

Negative 39 16 0.005
Positive 7 13

CEA mRNA 20
Negative 31 12 0.027
Positive 15 17

metastasis. This is because the adhesion of cancer
cells and peritoneum determine whether the
metastasis occurs or not (13, 14). As to the content
of TGF-B1 in peritoneal fluid, previous tests have
demonstrated that it was higher in the gastric cancer

patients than in the gastric benign disease patients;
in addition, the content of TGF-B1 increased as the
gastric cancer staging progressed. The progression
of gastric cancer also affects the degree of peritoneal
fibrosis. The effect mechanism of TGF-1 promoting
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As .
RSB

Fig. 1. Immunohistochemical staining of peritoneal
mesothelium cell cytoplasm: negative.

Fig. 2. Immunohistochemical staining of peritoneal
mesothelium cell cytoplasm: positive.

Fig. 3. Positive results in PLC examination.

peritoneal metastasis is: first, TGF-f1 stimulates
the expression of peritoneal mesothelium cell type
IIT collagen and fibronectin, thereby promoting
peritoneal fibrosis; then type III collagen and
fibronectin selectively adhere to the glycoprotein
on cell membrane and finally promote peritoneal
fibrosis (6, 9, 13, 15). In vitro experiments proved
that TGF-B1 could promote the expression of Pfig-h3
in peritoneal mesothelial cells. However, whether

Big-h3 is involved in peritoneal fibrosis, gastric
cancer cell adhesion and its mutual action with gastric
cancer metastasis needs to be further verified by
experiments (9). The traditional method for detecting
peritoneal subclinical metastasis is by PLC, however
it is not effective enough due to the false negative
rate and low sensitivity. In view of this, detecting the
expression of CEA mRNA in enterocoelia by RT-
PCR is gradually becoming the more used method
(13). The experimental results show that 10 out of
13 cases of macroscopic peritoneal metastasis was
immunohistochemically positive. This study also
shows that the P values of tumor invasion depth,
serosal type, microscopic peritoneal metastasis,
PLC and CEA mRNA were 0.016, 0.037, 0.005 and
0.002 respectively and the differences had statistical
significance. The expression of fig-h3 increased as
the stages of gastric cancer progressed, indicating
that positive rate in immunohistochemistry was
closely related to the relative factors of peritoneal
metastasis. The expression of fig-h3 is considered to
be in a correlation with the peritoneal metastasis of
gastric cancer; therefore, it can be regarded as one of
the indexes for predicting gastric cancer peritoneal
metastasis (13).

In conclusion, the expression of fig-h3 in
peritoneal mesothelial cells increases as the gastric
cancer progresses and that it is related to the
relative factors of peritoneal metastasis of gastric
cancer such as tumor invasion depth, macroscopic
peritoneal metastasis, PLC examination result, CEA
mRNA, etc.. However, the functions played by the
mechanism of increased expression of Pig-h3 in the
process of induction of exfoliated cell adhesion and
proliferation is still not thoroughly studied and need
to be further verified.
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Through searching database such as MEDLINE, CNKI, etc., this paper assesses the effect of wristband
acupoint pressure, acting on the neiguan acupoint, to relieve postoperative complications of adults
(mainly nausea and vomiting) using nine randomized controlled trials (RCT) and RevMan5.0. In the
experimental group, acupoint pressure wristband effectively reduced the incidence rate of postoperative
vomiting by acting on the neiguan point, compared to the placebo control group (RR=0.50, 95%CI:
0.37~0.66, P<0.01). As to the incidence rate of postoperative nausea, there was no statistical significance
between the experimental group and the placebo control group (RR=0.85, 95%CI: 0.72~1.00, P>0.05).
It was revealed that the application of acupoint pressure wristband on neiguan point in postoperative
care could effectively relieve postoperative vomiting; while postoperative vomiting was not relieved
distinctly. Therefore, researchers are required to carry out more reliable RCT test for further study and
discussion, and nurses can bring in acupoint pressure wristband for researches on its effectiveness and

adaptability.

Postoperative Nausea and Vomiting (PONV) is one
of common postoperative complications, accounting
for 20%~30% of total incidence rate (1). Possibility
of PONV occurring in gynecological operations,
laparoscopic cholecystectomy and craniotomy can
be as high as 70% (1, 2). Acupoint pressure can be
an effective controlling measure without any adverse
reaction for patients during the period of postoperative
recovery. It was found that acupoint pressure was
effective for recovery of intestinal function after
gynecological abdominal surgery (3). Ji Ling, et al.
(4) adopted neiguan point massage for preventing
nausea and vomiting after cheolecystetomy, since the
neiguan point is the specific acupoint to relieve nausea
and vomiting. Following the principle and theory of

acupuncture and moxibustion, acupoint pressure
substitutes acupuncture with pressure massage (shiatsu
or instrumental pressure) (5). It draws increasing
attention from medical workers, especially foreign
nursing specialists, for its advantages of simple and
non-invasive use. Diversified wristband products with
pressure effect on the neiguan point have emerged
on the world market. There is a raised button inside
the wristband. The button aims at the neiguan point
and produces pressure and massage effect when the
wristband is correctly adorned. Some researchers have
studied the effect of acupoint pressure in postoperative
care with this kind of wristband by establishing a
placebo control group. It is not only simple to operate
but also saves manpower compared to manual

Key words: acupoint pressure wristband, postoperative nausea and vomiting,
neiguan point, postoperative care, meta-analysis
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shiatsu. Moreover, the randomized controlled trials
(RCT) successively applied have provided high-level
evidence in verifying the effectiveness of acupoint
pressure. This meta-analysis is a comprehensive,
systematic and quantitative analysis of the results
of multiple independent researches on this topic. It
is the quantitative review of the literature, based on
strict design, proper statistical method as applied
for systematical, objective and quantitative analysis
on multiple research results. Its advantage lies in
increasing the reliability and solving the inconsistency
with a larger sample size (6). This paper collected RCT
literature on relieving PONV by acupoint pressure
and testing its effectiveness.

MATERIALS AND METHODS

Criteria for incorporating literature

Study type: the eligible literature is that on RCT. Study
object: patients of over 28 years old, without limitation of
gender, disease condition and race. Intervening measure:
patients in the treatment group wore wristbands with
acupoint pressure effect, acting on the neiguan point.
Contrast measure: placebo control. Patients in the control
group also wore the wristbands, but with the point not
on the neiguan point. Outcome index: the incidence of
postoperative nausea and vomiting. This study acquired
approval from the medical ethics committee and all the
patients gave informed consent.

Exclusion criteria was if other therapeutic methods
were also applied, such as drug therapy besides the
wristband therapy.

Search strategy

Acupressure and postoperative nausea and vomiting
were the keywords to retriecve MEDLINE and CI-
NAHL database. Acupoint pressure, acupoint massage,
acupuncture and postoperative nausea were the keywords
to retrieve CNKI, VIP, CBM and Wanfang database.
Retrieval date was up to August 2010.

Research screening and data extraction

With reference to the selection methods mentioned
in Cochrane Collaboration Network System Assessor
Handbook (Edition 5.0): import retrieval results into
reference management software; put forward the repeated
and obviously not relevant research reports by reading
headline and abstract; obtain the full text of research report
which may be related; merge the multiple references
that report the same research, and delete the repeated
references; contact the main researchers to obtain the lost
data; check research report according inclusive criteria

specified above; make the final decision for selection.
The extracted data include: basic information of research
(such as the author, the year), sample size, characteristics
of research object, intervening and control measures,
outcome index, Jadad score.

Evaluation criteria

Jadad scoring method was applied for blind, random
quality assessment, lack of follow-up of 9 studies on RCT,
with score from 0 to 5 points. 0 to 2 points stands for low
quality research, and 3 to 5 points stands for high quality
research.

Data analytical methods

Data was statistically analyzed using RevMan
5.0.24 provided by Cochrane Collaboration Network.
Therapeutic effect was expressed by relative risk (RR),
and 95% Confidence Intervals (CI) for therapeutic effect
was calculated. When the results of meta-analysis was of
heterogeneity (p<0.10), Random Effects Model (REM)
was used to express that, otherwise, Fixed Effects Model
(FEM) was used. Publication bias was determined using
funnel plot.

RESULTS

Information retrieval and screening result

We obtained altogether 50 non-repeated articles,
of which 33 were excluded through reading headline
and abstract. The remaining 17 articles were further
assessed after the full texts were acquired. Nine
article on RCTwere chosen, 4 were from Asia, 4
from Europe and 1 from North America.

Basic characteristics of the selected literature

The nine studies on RCT selected involved
altogether 1,117 surgical patients. The type
of operation involved included laparoscopic
cholecystectomy or gynecological operation, cardiac
surgery, cesarean delivery and urological surgery. Of
the nine articles, five carried out two groups of tests
and the other 4 carried out three groups of tests. Of
the 4 articles with three groups of tests, 2 established
antemetic (metoclopramide or ondansetron) control
groups and another 2 blank control groups. The
specific characteristics and methodology quality of
the studies is shown in Table 1.

Effectiveness of acupoint pressure wristband in
relieving post operative nausea
Among all the groups of the selected researches,
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Table 1. Specific characteristics and methodology quality of the studies.
Literature Sample size Intervening Contrast measures Outcome index Measuring time Jadad
(man/woman) measures score
nausea degree (no, light,
. medium, heavy), vomiting 2h to 24h after
Harmon wristband presses . . o
104(-) . . wristband placebo frequency (no, light, operation in post 4
1999 (7) neiguan point . . .
medium, heavy), cases of | anesthesia care unit
nausea and vomiting
the nausea and vomiting 30min. 60min
Alkaissi 60(0/60) wristband presses | wristband placebo; degree is evaluated by 120min ’2 4ha ft’er 4
1999 (8) neiguan point blank control VAS, and cases of nausea .
. operation
and vomiting
Harmon wristband presses . . YAS evaluates the 6h, 24h after
94(0/94) . . wristband placebo | incidence of nausea and . 3
2000 (9) neiguan point - operation
vomiting
Acarwal wristband presses nausea degree (non, light, 6h, 24h after
& 200(97/103) . pre wristband placebo | medium, heavy), cases of | operation in post 4
2000 (10) neiguan point .. . .
nausea and vomiting anesthesia care unit
. . . . | nausea is evaluated using
Alkaissi |0 0/a10) | WVristband presses | wristband placebo; | o L “and cases of | 20:00, 8:00, 20:00 4
2002 (11) neiguan point blank control ..
nausea and vomiting
Agarwal 150(49/101) wristband presses | wristband placebo; | degree and incidence rate | After operation 6h, 4
2002 (12) neiguan point ondansetron of nausea and vomiting 24h after operation
Samad wristband presses . incidence rate of nausea | assess once per hour
2003 (13) 306) neiguan point wristband - placebo and vomiting for 6h after operation 4
Andre ristband presses nausea degree and 1h,2h,4h,6h,8h,
W 152(129/23) Wrist pre wristband placebo | incidence rate of nausea |12 h, 16 h, 20 h, 24 h 4
2004 (14) neiguan point . .
and vomiting after operation
Sadighha wristband presses | wristband placebo; | degree and incidence rate 2h, 6h.’ 24.h after
156(132/24) . . . . operation in post 2
2008 (15) neiguan point metoclopramide of nausea and vomiting . .
anesthesia care unit

only the research results of the wristband groups and
placebo groups were considered. The results of the
meta-analysis is shown in Fig.1. The heterogeneity
test was P=0.29, indicating that the 9 researches
were valid, thus we adopted the statistical methods
FEM and Mantel-Haenszel. RR of incidence rate
of postoperative nausea was 0.85, and 95% CI was
between 0.72 and 1.00, and the difference was of
no statistical significance (p=0.06). Therefore, the
statistical results could not support the speculation

that the effect of wristband acupoint pressure on
the neiguan point could effectively decrease the
incidence rate of postoperative nausea.

Effectiveness of acupoint presses wristband on
relieving postoperative vomiting

Among all the groups of the selected researches,
only the research results in the wristband group and
the placebo group were taken. The results of the meta-
analysis is shown in Figure 2. The heterogeneity
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Acupressure group placebo group Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight MH. Fixed95% Cl Year M.H. Fixed 95%CI
D Harmon 7 52 16 52 0.3%  0.44[0.20,0.97] 1909 —r
Aidah Alkaissi 9 20 7 20 4.1% 1.20[0.60.2.77] 1909 -1
D Harmon 4 47 6 47 3.5%  0.67[0.202.21] 2000 /T
Anil Agarwal 18 100 20 100 11.6% 0.90[0.51.1.60] 2000 -
Aildah Alkaissi 32 135 31 139 17.7%  1.06[1.69.1.64] 2002 -
Anil Agarwal 3 50 12 50 7.0%  0.25[0.08,0.83] 2002 - —
K Samad 3 25 2 25 1.2% 1.50[0.27.8.27] 2003 R
Andrew AKiein 25 75 27 77 15.5% 0.95[0.61.1.48] 2004 -
Afshin Sadighha 44 51 52 52 30.2% 0.86[0.77,0.97] 2008
Total(93%(CT) 555 562 100.0% 0.85[0.77.1.00] ]
Total events 145 173
Heterogeneity:Chi’=0 66, Af=8(P=0.20)] =17% ] ] 1 ]

Test for overall effect:Z=1.91(P=0.06)

0.01
F avours

0.1
experimental

1 10 100

F avours control

Fig. 1. Comparison of incidence rate of postoperative nausea between experimental group and placebo group (FEM).

Acupressure group placebo group

Risk Ratio

Risk

Ratio

Study or Subgroup Events Total Events Total Weight MH Fixed95%CI Year M.H. Fixed 95% CI

D Harmon 9 52 5 52 4.7%  0.60[0.152.38] 1999 —_—

Aidah Alkaissi 0 20 2 20 23% 0.20[0.01.3.92] 1999

D Harmon 13 47 23 47 23.3% 0.52[0.30,0.89] 2000 ey

Anil Agarwal 7 w9 100 8.4%  0.78[0.30.2.01] 2000 S

Aidah Alkaissi 1 135 0 139 0.5% 3.00[0.13,75.15] 2002 -

Anil Agarwal 2 50 10 50 9.3%  0.20[0.05,0.87] 2002 e

K Samad 4 25 4 25 3.7% 1.00[0.28,3.56] 2003 - 1r

Andrew AKiein 12 75 15 17 13.8% 0.82[0.41,1.64] 2004 —

Afshin Sadighha 10 51 37 52 34.1%  0.28[0.15,0.49] 2008 -

Total(95%CI) 555 362 100.0% 0.50[0.37,0.66] ‘

Total events 145 173
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Fig. 2. Comparison of incidence rate of postoperative vomiting between experimental group and placebo group (FEM).

test was P=0.19, indicating that the 9 researches
were valid, thus we adopted FEM. RR of incidence
rate of postoperative nausea was 0.50, and 95%.
CI was between 0.37 and 0.66, and the difference
was statistically significant (p<0.01). The statistical
results suggest that the effect of acupoint pressure
wristband on neiguan point can effectively decrease
the incidence rate of postoperative vomiting.

Sensitivity analysis

Statistical analysis was performed using REM, and
the result obtained was fundamentally unchanged.
RR of incidence rate of postoperative nausea was

0.87, and 95% CI was between 0.73 and 1.04, and the
difference was of no statistical significance (p=0.12).
RR of incidence rate of postoperative vomiting was
0.52, and 95% CI was between 0.35 and 0.77, and
the difference was statistically significant (p<0.01).
These findings suggest that the results of this
assessment were stable.

DISCUSSION
Curative effect analysis

Based on quantitativeand comprehensive analysis,
it was found that the application of wristband acupoint
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pressure on the neiguan point in postoperative care
can effectively relieve postoperative vomiting. As
to postoperative nausea, there was no statistically
significant difference between experimental group
and control group. Thus we cannot ensure the
application of wristband acupoint pressure on the
neiguan point in postoperative care has a relaxating
effect.

Comparison with the former literature

Stimulating the neiguan point (including
acupuncture, electric acupuncture, laser stmulation,
percutaneous nerve stimulation, acupoint pressure,
etc.) can not only reduce the incidence rate of
postoperative nausea, but also can effectively
reduce the incidence rate of postoperative vomiting
(16). A work on meta-analysis published by Shiao,
et al (17) in 2006 also drew the same conclusion,
that stimulating the neiguan point can reduce the
incidence rate of post operative nausea and vomiting.
The conclusion drawn by this paper is different
from the above two because of the different criteria
and number of articles included. The above two
reports selected various therapeutic methods related
to acupuncture, including acupuncture, -electric
acupuncture, acupoint pressure, etc.. The former one
included 40 experimental researches and the latter
9 experimental researches. This paper focuses on
the effect of wrist acupoint pressure acting on the
neiguan point, selecting nine researches. In addition,
the influence of chance factors cannot be excluded
because of the small number of articles considered.

Analysis of the evaluation methods of nausea
symptoms

Nauseais very difficult to accurately and uniformly
evaluate because it is a subjective symptom. The
nine researches selected in this paper applied three
kinds of evaluation methods, that is, VAS, patient
self evaluation questionnaire (4 grades), 7-point
scale. The way to evaluate nausea has been argued by
researchers for decades. However, as for the problem
studied in this paper, the evaluation of nausea and
vomiting is indispensable. In the experimental
research on nausea evaluation methods, Del et al.
reported that the results of the nausea evaluation
methods mentioned above were consistent for those
not including measures to stop vomiting. Thus,

researchers in the future are required to pay more
attention to the evaluation methods for nausea and
vomiting when they evaluate the effectiveness of
measures to stop vomiting (18). Del et al. also stated
that there was a sound correlation between nausea
and vomiting of those who accepted measures to stop
vomiting, but after taking these, some people only
felt nausea but without vomiting. Therefore, nausea
and vomiting should be evaluated separately when
evaluating the effectiveness of any kind of measure
to stop vomiting. This paper also explained the
different effects of wristband acupoint pressure on
the neiguan point in relieving nausea and vomiting.

Analysis of placebo effect

Though there was no statistical difference
between the experimental group and the placebo
control group in relieving postoperative nausea,
two researches which established a blank control
group showed that stimulating the neiguan point by
acupoint could reduce the incidence rate of nausea
24 h after operation. It indicated that the relief of
postoperative nausea may be due to the effect of a
placebo rather than the effect from wrist acupoint
pressure. However, only 2 researches established
a blank control. Thus, more blank controls are
suggested in future experimental researches so as
to better evaluate the effect of a placebo. Today,
the mechanism is still not clear and the approach
of acupuncture and the placebo design may have a
certain degree of effect (19). Complex therapeutic
measures may have a larger placebo effect than a
single drug therapy. In addition, some features of
acupuncture therapy are correlated with placebo
effect, such as the secret theoretical framework,
the stress on personal specificity, the frequent
communication between patients and doctors, etc.
(20).

The possible deviations

Patients who have a history of nausea and
vomiting are more likely to feel these symptoms
when stimulated by the vision, hearing and smell
of vomiting. However, in most of the relative
researches, there were no relative steps to cope
with the bias brought by sensory perception
stimulation due to multiple times of nausea and
vomiting evaluation. Therefore, methodology
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(more evaluation/less evaluation) should be added
to the design of future experiments, so as to study
whether multiple times of nausea and vomiting can
produce psychological effects which makes patients
feel nausea and vomiting. Multi-factor analysis may
be used to discuss whether nausea and vomiting is
related to the history of nausea and vomiting (17), so
as to ensure the accuracy and authenticity of research
results.

Currently, such studies are very common,
and there are also clinical reports about relieving
postoperative nausea and vomiting using shiatsu
acupoint. Ma Chunyan (20) pointed out that neiguan
point pressure combined with deep breath could
effectively relieve PONV. Tang Ying, et al. (21)
pointed out that, the total effective rate of nausea
and vomiting improvement reached more than 90%
after pressing the neiguan point by shiatsu for 10sec,
and within certain time limit (3-10sec). Nausea and
vomiting symptoms improved more as the time for
pressing shiatsu increased. Compared with pressing
acupoint by shiatsu, the use of the wristband is a
more convenient application, easy to control and
saves manpower. Therefore, wristband acupoint
pressure should be used and promoted in clinical
care. Researchers should study the difference of
the effectiveness of pressing acupoint by shiatsu or
by wristband and explore application value of this
therapy in postoperative or chemotherapy nursing.

Results of meta-analysis demonstrate that,
wristband acupoint pressure could effectively relieve
postoperative vomiting by acting on the neiguan
point, but its effect on relieving postoperative nausea
was not obvious. Researchers are required to make
further studies through carrying out more reliable
tests. More importantly, the design of the placebo
and assessment of it on nausea and vomiting should
be more strict and accurate. Moreover, researchers
should explore the feasibility of this kind of wristband
for medical use in nursing.
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This study aims to observe the effect of natural killer T (NKT) cell activation on experimental
autoimmune myasthenia gravis (EAMG) model by injecting mice with a-GalCer in enterocoelia at
different times, thus to provide a new therapy for EAMG. EAMG animal model of CS7BL/6 mice was
established and the mice were injected with a-GalCer irritant in enterocoelia. Val4 NKT cells were then
activated through the transfer of CD1d. This paper discusses the effect of NKT cell activation on EAMG
at different times by observing the variation of weight, clinical performance and relevant immunity
indexes of mice. In C57BL/6 mice, the EAMG incidence rate of the Vehicle Group was 90%, the average
onset duration was 37+6 days; The incidence rate of a-GalCer prevention group was 30%, the average
onset duration was 51+9 days. The forward immunization of a-GalCer activates NKT and protects
C57BL/6 mice from the occurrence of EAMG, which provides basis for prevention and treatment of

EAMG and other autoimmune diseases.

Myasthenia gravis (MQ) is a chronic autoimmune
neuromuscular disease characterized by varying
degrees of weakness of the skeletal (voluntary)
muscles of the body (1). MG, of which the main
clinical expression is myasthenia in the eyes or the
whole body, is a common, difficult and complicated
neurological disease. Normally there is no radical
cure. The present treatment aims at minimizing the
untoward effects while rebuilding or optimizing the
joint function of the neuro and muscle. To date, clinical
double-blind randomized control experiments have
rarely been reported, for the treatment of MG involves

many factors, such as the range lesion involved, the
course of the disease, the severity, the degree of
functional damages and the relative risk of treatment
linked to age, gender, compliance of the patient and
untoward effects during the monitoring of the drug.
At present, there are but few clinical therapies for
MG which include cholinesterase inhibitors that
improve messaging function at the joint of neuro
and muscle, plasma exchange or specific immunity,
eliminating acetylcholine receptor (AchR) (2) in
blood, nonspecific immune inhibitors or regulators
that treat the immunoreaction of antiacetyl-choline
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receptor and thymusectomy. Though specific
treatment that targets the autoimmunity deficiency
of MG is still insufficient, with knowledge of the
new immunological mechanism of MG, we can treat
the disease by eliminating the specific reaction of the
acetylcholine receptor.

EAMG is an animal model which simulates human
MG (3-5). As they are quite alike in many aspects,
such as clinical performance, electrophysiology,
immunology and pharmacology, the animal model is
reliable for MG research.

Recent studies show that as a new kind of
immunoregulation cell, NKT plays a crucial role
in resisting tumor immunity, overcoming immune
injection of transplant and inhibiting autoimmune
disease (6). NKT cells can recognize the lipid
material of some bacteria and meanwhile express
T Cell Receptor (TCR) with little or no variability.
The receptor restricts NKT cells to react to limited
kinds of lipid or carbohydrate antigen (7). At present,
the material which can activate NKT cells through
these receptors is a-galactosylceramide (a-GalCer is
galactose sphingosine), a glycosphingolipid deriving
from sponge and a natural-occurring substance
capable of activating NKT cells (8). This study aims
to discuss the effect of NKT cells on the clinical
performance and the relevant immunity indexes of
EAMG after injecting irritant a-GalCer, therefore
providing a new method of prevention and cure of
EAMG.

MATERIALS AND METHODS

Major reagents

Immunogen: AchR is extracted and purified from
the electronic organ (Pacific biomarine, Venice, CA) of
torpedo California.

Irritant: a-galactosylceramide(a-GalCer is galactose
sphingosine), the vehicle for the control reagent.

Experimental animals

We prepared 30 healthy female C57BL/6 mice (B6)
ranging in age from 8§ to 12 months, weighting from 14
tol6 g.

Method

The mice were randomly divided into 3 groups with
10 in each. Forward immunization group (group A): each
mouse was injected with 6 pg a-GalCer in enterocoelia
during the last week before immunization (-7d), on the

day of immunization (0d) and on the first week after
immunization (7d) respectively, for a total of 3 injections;
combined immunization team (group B): each mouse
was injected, in enterocoelia, with 6pug a-GalCer on the
day of immunization (0d), during the first week after the
immunization (7d) and during the second week after the
immunization (14d) respectively, for a total of 3 injections;
control group (group C): the mice were injected with
Vehicle (control reagent), the drug dose and drug-delivery
method were the same as group A.

Test index

Each index test records the morbidity of each
mouse, measures the weight every two days after AchR
sensitization, scores EAMG clinically and measures
the IgG of AchR antibody of mice serum 35 days after
the first sensitization of AchR. EAMG clinical scoring
methods are as follows: two observers clinically assess
the EAMG severity degree of the mice applying blind
method every day; 0 points: no clear sign of myasthenia;
1 point: myodynamia is normal when at rest but unable
to rise after 20 continuous climbs; 2 points: incapable of
rising even at rest; 3 points: paralyzed, dying or dead.

Statistical analysis

All the data was expressed by ¢ + s. Data comparison
between groups was tested using one-way ANOVA: Post
Hoc Multiple Comparisons with SPSS19.0 software. All
results were considered statistically significant as P<0.05.

RESULTS

The morbidity of each group was recorded,
as shown in Table I. Clean B6 mice of the same
age and weight were randomly divided; there
was no significant difference in weight before the
sensitization; they were then weighed every two
days after the sensitization, and the weight is shown
in Fig. 1. The weight of the mice in the forward
immunization group, compared with the control
group, at 45, 60, 75, 90 and 105 d, is distinctly
higher than the control group (p<0.001); there is no
significant difference between the weight of the mice
of the combined immunization group and control
group at 45, 60, 75, 90 and 105 d (p>0.05).

Result of EAMG clinical scoring is shown in
Fig. 2. The scores of the forward immunization
group compared with the control group at 45, 60,
75, 90 and 105 d are much lower than control group
(p<0.001); there is no significant difference between
the combined immunization group and control group
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Table 1. Morbidity state of the mice.

Group Number Morbidity Onset duration (d)
Forward immunization group 10 30% 519
Combined immunization team 10 100% 33+5
Control group 10 90% 37+6
30
28 F
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=0 Hnmunization group
- L | Combined
:ﬁ] 15 immunization group
o Control group
= 10
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0 ] 1 1 | 1 1 |
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Fig. 1. Measurement of mice weight.
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Fig. 2. Clinical scoring of EAMG mice.
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Fig. 3. Anti-AchR IgG and its subtype.

in assessment at 45, 60, 75, 90 and 105 d (p>0.05).
The specific results of the determination of anti
AchR antibody IgG and its subtype is shown in Fig.
3. 1gG and IgG2b of the forward immunization group
compared with the control group are obviously lower
(p<0.05, respectively 0.004 and 0.003), there is no
significant difference in IgGl and IgG2a, p>0.05;
IgG and IgG2b of the forward group compared with
the combined immunization group are distinctly
lower, p<0.05 (0.001 and 0.004 respectively), there is
no significant difference in IgG1 and 1gG2a, p>0.05.

DISCUSSION

MG is an autoimmune disease in which anti
acetycholine-receptor mediates (9-10). For now,
the treatment of autoimmune disease most applied
both locally and abroad is immunosuppressor which
probably inhibits the immune system of the patients
causing infection and yielding tumor, however
is not able to prevent or treat the palindromia
effectively. Therefore it is of great importance to
find a new therapy. Recent studies show NKT cell as
a new immunoregulation cell. It is irreplaceable in
antitumor immunity, preventing transplant rejection
and inhibiting the occurrence of autoimmune disease.
The dysfunction of NKT cell relates to the occurrence
of several diseases, such as: tumor metastasis,
autoimmune diseases (diabetes, systematic lupus

erythematosus and multiple sclerosis, etc) (11).
NKT cell is the first T cell subset found in mice with
TCRafand and as it has NK 1.1, the surface marker
of NK cell; it is considered a natural killer of T cells
(NKT cells). At present, EAMG model is formed
mostly of rats and mice. Among the rats, Lewis is the
most susceptible while in mice, B6 has the highest
susceptibility. As NKT cells mainly exist in mice,
our experiment chose B6 mice as an EAMG model
and observed the effect of MKT cell on clinical
symptoms and immunity indexes after activation.

Another feature of NKT cells is that the cells
of the same species have only one TCRa chain
encoding genes (for mice it’s Val4-Ja281) and
extremely limited TCR chain encoding genes (12).
In respect to other T cells, NKT cell recognizes only
the lipid antigen submitted by CD1d molecule on cell
surface and the natural ligand is not clear. A-GalCer
is a seaweed ramification which is isolated from
sponge and modified to its final form. It functions in
CD1d restriction of NKT cells, expresses constant
Val4TCR, activates NKT cells and regulates
immune and autoimmune response through secreting
cytokines.

Based on the features above, this experiment
treated the mice with o-GalCer intraperitoneal
injection at different times and observed the effect
of activated NKT cell on EAMG model. Through
the study results we found that the EAMG morbidity
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of forward immunization group (0d, 7d, 14d, ip
a-GalCer) was much lower than the control group;
not only hadn’t the weight reduced, on the contrary
it gradually increased; the clinical scoring was
distinctly lower than the control group (0d, 7d, 14d,
ip a-GalCer) which confirmed that a-GalCer forward
immunization could induce the mice to resist AchR
sensitization and prevent the occurrence of EAMG.
As for the combined immunization group, the EAMG
morbidity did not vary distinctly from the control
group although it was slightly higher. The weight
reduced after invasion and reached its peak at 60
d, then slightly increased again; the clinical scoring
was slightly higher than the control group but there
was no statistical significance. It suggested that
a-GalCe combination immunization can’t induce
mice to resist AchR sensitization or prevent EAMG
occurrence. The conclusion of the experiment was
that the forward immunization group represented
the prevention group which could distinctly inhibit
EAMG, however, the combined immunization group
was equivalent to the treatment group. This suggested
that when a-GalCer NKT cell is activated it varied
the natural lesion process of MG, which agrees with
the research results of Wang ML et al. (13).

The experiment detected the anti AchR antibody
IgG and its subtype of the mice which received its
primary immunization 35 days prior. We found that
compared with control group, the [gG AND IgG2b of
the forward immunization group was much lower (P
was 0.004 and 0.003 respectively), while there was
no significant difference between them in IgG1 and
IgG2a; there was no obvious difference in anti AchR
antibody and its subtype between the combined
immunization group and the control group. The
results suggested that the main lethal factor of EAMG
was IgG antibody and among all the subtypes IgG2b
it was the most pathogenic.

The study of the effect of the activation of NKT
cell on autoimmune disease now focused on diabetes,
systematic lupus erythematosus and multiple
sclerosis. Previous studies have proved that tmice
(NOD mice) with spontaneous insulin dependent
diabetes mellitus (DDM) have the problem of NKT
cell quantity reduction and function deficiency.
DDM is prevented if we import the NOD mice
with NKT cells of normal mice, increase NKT cell
quantity using Val4-JB281 transgenosis treatment

or activated NKT cells with repeated rejection of
a-GalCer (13-16). But, for now, there are very few
reports on the effect of activating NKT cells with
a-GalCer, which may, to some degree, result from
the purification difficulty of AchR.

This study found that forward immunization to
a-GalCer could obviously remit the clinical symptom
of EAMG, however combined immunization
of o-GalCer (treatment group) might worsen
the situation. Therefore, the new immunization
regulation cell (BKT cell) is only suitable for
the forward prevention of MG for the high risk
population. However, it provides a pathway for MG
treatment and has a bright prospect.
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Joint detection of anti-dsDNA antibodies, anti-UIRNP, anti-SM antibodies, anti-SSA antibodies,
anti-ribosomal P protein antibodies, anti-nucleosome antivodies (Anua), anti-histone antibodies (AHA)
and antinuclear antibodies brings to the early diagnosis of systemic lupus erythematosus (SLE) and
speculation of renal lesion degree of lupus nephritis patients in order to choose a specific therapeutic
schedule. This paper analyzed the abnormal immunology features and connections of each pathological
pattern of LN renal biopsy and probed into the essence in order to provide basis for diagnosis, treatment,
pathological pattern speculation and forward assessment of LN. We chose 97 cases, treated them with
renal biopsy and pathological pattern classification, analyzed pathological pattern distribution, different
pathological patterns and the correlation of immunity index with anti-dsDNAantibodies, anti-U1RNP,
anti-Sm antibodies, anti-SSA antibodies, anti-ribosomal P protein antibodies, Anua, AHA and ANA of the
first renal biopsy were taken as the experiment index. The results showed that the morbidity of the male
was distinctly lower than the female and the age of onset was much lower (P<0.05); pattern I, pattern
11, pattern III, pattern IV, pattern V, and pattern VI accounted for 1.0%, 3.1%, 12.4%, 47.4%,16.5%,
15.5%, 4.1%, 0%, respectively; among all the LN patients, there were respectively 59, 43, 28, 52, 51,
48, 36 and 93 cases in which anti-dsDNA antibody, anti-UIRNP antibody, anti-Sm antibody, anti-SSA
antibody, anti-ribosomal P protein antibodies, Anua, AHA and ANA had increased and the positive
rate was 60.8%, 44.3%, 28.9%, 53.6%, 52.6%, 49.5%, 37.1% and 95.9%, respectively. In conclusion,
pattern IV is the most common of all pathological patterns of LN. Among the immunity index, anti-
U1RNP antibodies and anti-SSA antibodies are positively correlated with anti-dsDNA antibodies; Anua
is positively correlated with anti-dsDNA antibodies and AHA; anti-dsDNA antibodies, anti UIRNP
antibodies, anti-Sm antibodies, anti SSA antibodies, AHA, anti-ribosomal P protein antibodies and ANA
have no obvious correlation with LN renal lesions degree; Anua level of serum is positively correlated
with LN renal lesions degree.

Lupus nephritis (LN) is an immune complex the last decade, interdisciplinary study has researched
nephritis which is the common complication of SLE the pathogenesis of LN from lymphocyte (1),
and involves several pathogenic mechanisms. During cytokines (2, 3), interleukin (4), tumor necrosis factor
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(5), high-mobility group protein (6), metalloprotease
(7), anti-dsDNA antibodies (8, 9) and apotosis (5).
The correlation between them has been verified.
Research shows that the autoimmunity antibodies
such as anti-dsDNAantibodies, anti SSA antibodies,
anti-ribosomal P protein antibodies, Anua, AHA and
ANA were involved in the morbidity of LN, and
many antibodies correlate with the activity of LN.

Anti-dsDNAantibodies are a recognized index
that correlate with SLE state and activity and an auto-
antibody involved in LN pathogenesis of which the
importance of antibody degrades while the activity
and remission of the disease become negative (8).
It was found that anti-dsDNA antibodies exist in the
serum of almost all the 117 patients and are closely
related to clinical performance (Fang et al.) (10).
Yang et al. (11) researched ANA, anti SSA, anti SSB,
anti-Sm and anti-dsDNA and verified the correlation
with the state of LN and its activity and pathological
pattern. The research of Liu et al. (12) also showed
that the positive rate of AnuA increased as the
activity of the state of the disease increased. Through
their research, Mai et al. (13) verified that the SLE
patients whose anti SSA antibodies are positive
are more likely to suffer pulmonary hypertension,
neuropsychiatric disease and other severe diseases,
almost at the active stage of lupus.

On the basis of the above, this study examined
the pathological patterns of LN, analyzed the
pathological distribution of patterns of the different
patients and the correlation of immunity indexes
with anti-dsDNA antibodies, anti UIRNP, anti-Sm
antibodies, anti SSA antibodies, anti-ribosomal
P protein antibodies, Anua, AHA and ANA as
experimental indexes and served as reference for
the diagnosis, treatment and pathological pattern
deduction of LN.

MATERIALS AND METHODS

Clinical data

Ninety-seven SLE patients received pathological
examination of renal puncture and were diagnosed in our
department from January 2010 to December 2013. Among
them were 88 females (90.7%) and the age of onset ranged
from 13 to 76 (mean 38.5£14.1 years). Nine males (9.3%)
that ranged from 17 to 57 years (mean 30.1£13.0 years).
The ratio of male to female was 1:9.7 which showed
that the morbidity of males is much lower than females.

Compared to females, the onset age of male patients was
comparatively low (P<0.05). Exclusion criteria: all the
patients conformed to the 4 diagnosis standards for SLE
by American College of Rheumatology revised in 1997.
All of them had a clinical performance of renal lesion
(such as proteinuria, hematuresis or renal insufficiency)
and had received pathological examination of renal
puncture biopsy with a complete medical history and
laboratory examination record. All the patients or their
relatives had signed the informed consent.

Laboratory index

The laboratory examination results all came from
renal biopsies. ds-DNA antibodies, anti-Sm antibodies,
anti SSA antibodies, anti-ribosomal P protein antibodies,
Anua, AHA and ANA were detected by the clinical
laboratory of our hospital using Euroline.

Pathology of renal biopsy

Percutaneous renal biopsy was carried out with
guided color Doppler flow imaging. Each renal puncture
sample was divide into three parts for light microscope
and immunofluorescence examination. Some exceptional
cases were examined by electronic speculum. In
light microscope the sample contained more than 10
glomerulus that was embedded with paraffin, sliced up
to sections of about 1-2um thickness and processed with
HE, PAS, PASM, MASSON staining, respectively. In
immunofluorescence we considered the frozen section
applied the direct immunofluoresence method to goat
anti-human IgG, IgA, IgM, C3, C4, Clq and fibrinogen
(Fib) marked with fluorescein isothiocyannate. In the
electronic speculum we referred to the demand of clinical
diagnosis, and renal puncture samples were examined by
electronic microscopy.

PAS, Masson, PASM, immunofluorescent staining
The staining method and the reagent preparation were
carried out according to the method of Gao (14).

Pathological type

According to the results of nephridial tissue light
microscopic and immune-fluorescence examination that
refer to the LN pathological scheme of ISN/RPS in 2003, we
divided LN pathological type into slight membranous lupus
nephritis (type 1), membranous proliferative lupus nephritis
(type 2), focal segmental proliferative lupus nephritis
(type 3), diffuse proliferative lupus nephritis (type 4),
membranous lupus nephritis (type 5) and severe hard lupus
nephritis (type 6). Type 4, with diffuse membranous lesion
(LM shows wide fuchsinophilic deposits and rete ridges
outside the basement membrane, immunofluorescence
displays the immune globulin and additive deposit along
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with the basement membrane of glomerulus or electronic
microscope shows the electron dense granules deposit or
rete ridges outside the membrane) is named type 3+4. Type
5, with segmental proliferation lesion in glomerulus such
as loop necrosis, crescent or segmental proliferative lesion
within loops and glomerulus of less than 50% of normal is
considered type 3+5.

Statistical analysis

Statistical analysis was performed using SPSS17.0
software. Count data was expressed by rate and
comparison between groups was calculated with ¢? test
or correction method of ¢? test. Measurement data was
expressed with Mean+SD. Comparison between groups
was calculated with #-test. All results were considered
statistically significant as P<0.05.

RESULTS

Pathological-type distribution
In the analysis of pathological type distribution of
renal biopsy there was one case of slight membranous

Table 1. LN gender distribution cases (%).
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lupus nephritis (type 1) (1%), 3 cases of membranous
proliferative lupus nephritis (type 2) (3.1%), 12 cases
of focal segmental proliferative lupus nephritis (type
3) (12.4%), 46 cases of diffuse proliferative lupus
nephritis (type 4) (47.4%), 16 cases of membranous
lupus nephritis (type 5) (16.5%), 15 cases of type 4
+5(15.5%), 4 cases of type 3 +5 (4.1%) and no severe
hard lupus nephritis (type VI6) occurred. Type 4 LN
accounted for the highest proportion (47.4%), as
shown in Fig. 1.

We divided the patients into groups of children
(<14 years), young and middle-aged (15-49 years)
and the aged (=50 years). The results showed that
children accounted for 2.1% with 2 cases of females
and no males involved; young and midldle-aged
accounted for 74.2% with 64 cases of females and
8 cases of males; the aged accounted for 23.7% with
2 cases of females and 1 case of males. LN gender
distribution is shown in Table I, age distribution of
each type LN IS shown in Table II.

Children group (n=2)

Young and middle-aged group (n=72)

Elderly group (n=23)

Male 0 (0) 8 (88.9) 1 (11.1)
Female 2(2.3) 64 (72.7) 22 (25.0)

Table 1. Age distribution of different pathological types cases (%).

Pathological types

| 11 I v \'% m+v IvV+Vv

(n=1) (n=3) (n=12) (n=46) (n=16) (n=4) (n=15)
Child group 0(0) 0(0) 0(0) 2(100) 0(0) 0(0) 0(0)
Young and middle-aged group | 1(1.4) 2(2.8) 9(12.5) 35(48.6) 11(15.3) 3(4.1) 11(15.3)
Elderly group 0(0) 1(4.4) 3(13.0) 9(39.1) 521.7) 1(4.4) 4(17.4)
Table III. Correlation between pathological type and immunology index cases (%).

I I1 I v \Y IV+V I +v Total
(n=1) (n=3) (n=12) (n=46)  |(n=16) |(n=15) (n=4) ot

Anti ds-DNA antibodies | 1(100) | 1(33.3) 2(16.7) 31(48.4) |6(37.5) | 15(100) 3(75) 59
Anti UIRNP antibodies 1(100) | 1(33.3) 2(16.7) 21(45.7)  9(56.2) | 7(46.7) 2(50) 43
Anti sm antibodies 0(0) 1(33.3) 2(16.7) 17(37.0) | 4(25) 2(13.3) 2(50) 28
Anti SSA antibodies 1(100) | 1(33.3) 5(41.7) 26(56.5) | 10(62.5) |5(33.3) 4(100) |52
Anti-nucleosome antibodies | 1(100) | 2(66.7) 5(41.7) 23(50) | 11(68.8) |6(40) 3(75) 51
Anti-histone antibodies 0(0) 1(33.3) 5(41.7) 24(52.2) | 4(25) 11(73.3) 3(75) 48
Ribosome P 1(100) | 0(0) 4(33.3) 14(30.4) | 6(37.5)  |8(53.3) 3(75) 36
ﬁ;“sti‘tri“vflear antibodies titer |} ;50| 3(100) 12(100)  |44(95.7) | 16(100) | 14(93.3) 4100) |94
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Fig. 1. Distribution of different pathological types of LN.
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Fig. 2. Positive cases of different immunology index.

Immunology index of LN of different pathological
types

Among the 97 cases of LN patients, the number
of patients with increased ds-DNA antibpdies, anti-
UIRNP antibodies, anti-Sm antibodies, anti-SSA
antibodies, anti-ribosomal P protein antibodies,
Anua, AHA, AMA titer were 59 cases, 43 cases, 28
cases, 52 cases, 51 cases, 48 cases, 36 cases and 93
cases, respectively. The positive rates were 60.8%,
44.3%, 28.9%, 53.6%, 52.6%, 49.5%, 37.1% and
95.9% respectively, as shown in Fig. 2.

Analysis of the positive rate of the immunology
index of each pathological type that showed anti-
UIRNP antibodies, anti-Sm antibodies and anti-
SSA antibodies were positively correlated with anti-
dsDNA antibodies (P<0.05). Anti-Sm antibodies
were positively correlated with anti-SSA antibodies

4..

2- H

0 1 1 T | 1 1 | T 1
1 2 3 4 3

= 1. 0%

@ 11 3.1%

mIll 12, 4%

Ol¥ 47 4%

BY 16, 5%

@pII+%  15.5%

alv+y 4. 1%

] The If:_!al nurrd)er C
pasitive patients
6 7 8

and anti-ribosomal P protein antibodies (P<0.05).
Anua was positively correlated with anti-dsDNA
antibodies and AHA (P<0.05) as shown in Table I11:

DISCUSSION

SLE, which is featured by several abnormal
immunoreactions, is an autoimmunity disease
which involves several systems and organs of the
whole body. The prominent expressions are several
autoantibodies that through immune complex
jeopardize almost all the organs and systems of
the body including the kidney. The renal biopsy
light microscope examination combined with
immunofluorescence and electronic microscope
showed that 100% SLE patients have a renal lesion
of a different degree (12, 15). Morbidity of LN is
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an important cause of the death rate of SLE and
medium and end-stage renal disease is one of the
most lethal factors of SLE death. This study shows
that the ratio of male to female patients was 1:9.7;
the morbidity of male patients is distinctly lower
than females, and compared with female patients,
the onset age of males is much lower. Among the
different pathological types, type 4 accounted for the
highest proportion (47.4%) followed by type 5, with
a proportion of 16.5%. The data is consistent with the
majority of Chinese studies (16, 17).

This study analyzed the pathological type
distribution, the correlation between different
pathological types and immunity index, taking into
account anti ds-DNA antibodies, anti-U1RNP, anti-
Sm antibodies, anti-SSA antibodies, anti-ribosomal P
protein antibodies, Anua, AHA and ANA of the first
renal biopsy as the experiment index. Anti-dsDNA
antibodies of SLE already have a history of more
than 50 years and have been regarded as an important
serology landmark in diagnosis and assessment of
disease state activity. Anti-Sm antibodies are also a
symbolic antibody and like anti-dsDNA antibodies,
have high specificity and low positive rate. Studies
showed that the positive rate of anti-dsDNA
antibodies and anti-Sm antibodies are respectively
60.8% and 28.9%, which is not significantly related
with pathological types of LN and is consistent with
former reports (8, 12). Anti-UIRNP antibody is
normally seen in mixed connective tissue disease and
the positive rate of anti-UIRNP antibodies of SLE
patients can reach 30% to 40%, which is correlated
with myositis, Raynaud’s phenomenon and nephritis
(18). In this study the positive rate of anti-UIRNP
antibodies of LN was 44.3%, and had no significant
correlation with LN pathological type. Anti-SSA
antibody is a common antibody. The study of Jin et
al. (19) suggested that the positive rate of anti-SSA
antibody is 64% and positive anti-SSA antibody has
a certain clinical value for SLE diagnosis. Another
study proposed that the patient whose anti-SSA
antibody is positive is more likely to suffer from
pulmonary hypertension, nervous system disease
and other severe diseases (13). This study shows the
positive rate of anti-SSA antibody is 53.6% and it has
no obvious correlation with LN renal lesion degree.
Anua comes from the apoptotic cells within the
body. Xu et al. (20), in their study, suggested that the

occurrence of Anua is closely related with LN and
the serum standard reflects the renal lesion degree.
Other reports have suggested that Anua is positively
correlated with SLEDALI assessment and the positive
rate of Anua increases as the disease state activity
increases. In this study there were 51 Anua patients
and the positive rate was 52.6% which is obviously
correlated with the morbidity of LN (P<0.05).
Anua positive rate reflected the renal lesion degree.
Therefore, we believe that Anua can be used in SLE
diagnosis. Meanwhile, it conduces to the clinical
speculation of pathological type of LN and provides
guidelines for the clinical treatment. Anti-ribosomal
P protein antibodies have no correlation with SLE
(12). In this data group, there were 36 patients whose
anti-ribosomal P protein antibodies were positive
which accounted for about 37.1%. Among them, the
positive rate of type 5 LN patients was 37.5% which
was higher than the other pathological types, but
there was no statistical significance between anti-
ribosomal P protein antibodies and LN pathological
types. This study also showed that the positive rate
of AHA was about 50%, which has no correlation
with renal pathology of LN patients. However,
though it has no significant correlation with anti-
dsDNAantibodies, it was positively correlated
with antinuclear antibodies. Studies on AHA are
insufficient at this time, its diagnostic significance
to SLE and the speculation of the renal lesion degree
of LN patients require further research. ANA is very
sensitive to SLE. In the present study the positive
LN rate of 97 patients was 95.7% and the positive
rate of type 1 patients was 100%, probably because
the patients who had no history of renal lesion had
not received renal puncture biopsy and the sample
size was small. But this research suggested ANA had
no significant correlation with pathological type of
LN, which is consistent with the majority of reports
at present. In short, there is still no simple laboratory
examination which is 100% sensitive and specific
to SLE diagnosis. Joint detection benefits the early
diagnosis of SLE and can hypothesize the renal
lesion degree of LN patients through the clinical
performance and the Anua standard of serum,
therefore a particular therapeutic schedule can be
selected.

In conclusion, type 4 (accounted for 47.4%)
is the most common pathological type of LN, the
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morbidity of males is much lower than females

and

the onset age of males is lower than females.

Anti-UIRNP antibodies and anti-SSA antibodies
are correlated with anti-Ds DNA; Anua is positively
correlated with anti-dsDNA antibodies and AHA;
anti-dsDNA antibodies, anti-SSA antibodies, anti-
ribosomal P protein antibodies, Anua, AHA, ANA

arc

not statistically correlated with renal lesion

degree of LN; Anua standard of serum is positively
correlated with lesion degree of LN renal disease.
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A number of studies have shown that vitamin D has a protective effect against the development of
cancer, which may also be related to prostate cancer. Low serum vitamin D concentration has also been
demonstrated in benign prostate hyperplasia. We compared serum vitamin D concentration in two groups
of Polish men with prostate cancer and benign prostate hyperplasia. Each group comprised 30 patients.
The concentration was determined by ELISA. To assess the difference between the study population,
non-parametric Mann Whitney U test was used. The results revealed that patients with prostate cancer
are deficient in vitamin D (median =25.3, quartiles q1 - q3: 13.4 -33.4). The concentration of vitamin D
in the group of patients with prostate cancer was lower than in the group of benign prostatic hyperplasia
with vitamin D deficiency (median =34.8, quartiles q1 - q3: 17.9 — 44.3). Vitamin D concentration in

Polish men with prostate cancer is lower compared to patients with benign prostatic hyperplasia.

Vitamin D is wusually associated with the
regulation of calcium-phosphate metabolism.
However, for more than two decades a number
of (epidemiological, experimental, and clinical)
studies have indicated many other features of this
vitamin. The most frequently reported include the
impact on the immune system and the prevention
of cardiovascular and mental diseases (1-6). In
1941 Apperly was the first to indicate a correlation
between low solar radiation and cancer-related
mortality (7). Since that time many studies have
shown that vitamin D has a protective effect against

the development of cancer. This protective effect has
been demonstrated, for instance, in breast, pancreatic
and colorectal cancers (8-10). It was highlighted that
such a relationship may also be observed in prostate
cancer. Prostate cancer was also on the list presented
by Apperly. Since that time a number of studies
have confirmed this relationship (11, 12). On the
other hand, some reports did not show such a clear
relationship (13-15). Moreover, within the last few
years a number of studies have demonstrated that
low vitamin D concentration is also found in benign
prostatic hyperplasia (BPH) (16, 17).
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However, it is estimated that approximately one
billion people worldwide are deficient in vitamin
D (18-21). It is related to persons with vitamin D
deficiency i.e. 25(OH)D3 concentration below
25 nmol/L (10ng/ml) as well as with vitamin D
insufficiency (25 - 75 nmol/L; 10 — 30 ng/ml).
Therefore many researchers recommend additional
vitamin D supplementation (22-24). However,
some reports suggest that there are too little data
regarding cancer prevention in the form of vitamin
D supplementation (25). Bearing in mind the
above, we decided to investigate serum vitamin D
concentration in patients with prostate cancer and
to compare it with the group of patients with BPH.
Both groups were treated in The E. Michalowski
Specialist Hospital in Katowice, Poland.

MATERIALS AND METHODS

This study was approved by the Research Ethics
Committee of the Silesian Medical University in Poland.
A total of sixty patients (aged 35-70 years) were enrolled
in the study i.e. 30 consecutive patients with prostate
cancer up to T3aNOMO stage (group 1) and 30 consecutive
patients with BPH — stages 3 and 4 (group 2). The

B0~

40 4

Wit O [nmalil]

20

[group @ eancer @ EBPH |

patients were admitted to The E. Michalowski Specialist
Hospital in Katowice between 2011 and 2012 for prostatic
electroresection or biopsy.

The group enrollment started after obtaining the
histological findings. Patients with hypercalcemia,
sarcoidosis, systemic connective tissue diseases and
other types of cancer were excluded from the study.
Patients with prostate-specific antigen (PSA) above 4
ng/ml in whom histological findings did not confirm
cancer and patients who had been staying within the last
3 months in countries with high sun exposure were also
excluded from the study. Serum concentration of 25(OH)
D3 was determined by ELISA method, with the use of
25(0OH) —Vitamin D Xpress ELISA Kit produced by
Immundiagnostik AG. delivered by IMMUNIQ (Zory,
Poland). The concentration assessment was performed
with the use of INFINITE M200 PRO reader produced by
TECAN Austria (Magellan software) at wavelengths 450
nm and 620 nm (reference wavelength).

Statistical analysis

For all statistical analyses the adopted level of
significance was o = 0.05. The test was performed using
SAS v9.4 (SAS Institute Inc., Cary NC). Since the
assumption of a normally distributed random variable
was not proven by the Shapiro-Wilk test, a nonparametric
Mann Whitney U test was used to assess the difference

Fig. 1. Concentration of vitamin D in patients with prostate cancer and with BPH (Mann-Whitney U test).
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Table 1. Concentration of vitamin D (nmol/l) in patients with prostate cancer and BPH.
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Number of Average . Lower Median Upper .
Group patients (N) + SD Minimum quartile + SD quartile Maximum
Prostate 27.76
cancer 30 110.52 13.40 19.30 25.26 33.40 70.10
BPH 30 35.82 17.90 24.50 34.80 44.30 51.20
+13.68 ' ' ' ) '

between the study population.

The study was approved by the Bioethics Committee
of Silesian University and written informed consent was
obtained from all patients.

RESULTS

Patients with prostate cancer were insufficient
in vitamin D (median =25.3, quartiles q1 - q3: 13.4
-33.4. The Mann-Whitney U test (p = 0.02) showed
that vitamin D concentration in the group of patients
with prostate cancer was statistically significantly
lower than in the group of BPH (median =34.8,
quartiles ql - q3: 17.9 — 44.3). In this group serum
vitamin D concentration was also low and the
patients were also classified as having vitamin D
insufficiency (Table I, Fig. 1).

DISCUSSION

We selected two groups of patients scheduled
for prostate biopsy or electrocautery due to prostate
cancer or BPH. These patients had been living
in similar conditions for a few weeks prior to the
determination of serum vitamin D concentration.

Similar environmental factors have an influence
on the results of vitamin D concentration. The fact
that all the subjects who were treated in one hospital
came from the same region of Poland increased
group homogeneity.

In light of the results, patients with prostate
cancer were insufficient in vitamin D. Vitamin D
concentration in this group was lower than in the
group of patients with BPH. However, in the group
of BPH patients, vitamin D concentration was only
slightly higher than the tolerable lower limit defining
insufficiency. As yet, no studies have been conducted
on vitamin D concentration in the population of

patients with prostate cancer or BPH in Upper
Silesia, the south-central part of Poland. The lowered
vitamin D concentration in this group is similar to
the concentration in the population in an urban area
in northern Poland as presented by Kmie¢ et al. (21).

It is also consistent with study results obtained
by other authors investigating the central European
population. In the group of 129 healthy men (mean
age 44 y, range 20-59 y) living in Ukraine, vitamin
D insufficiency was established based on a year-
round assessment (vitamin D concentration:37.5+25
nmol/L ) (26).

In the Hungarian population comprising
36 healthy men aged over 43 years, vitamin D
assessment between March and May showed that the
mean concentration was 67.5 nmol/L (range: 55-85),
which also corresponded to vitamin D insufficiency
(27).

Therefore we do not suggest that vitamin D
concentration in our group is lower than in the
general population as this requires further research.
Due to the fact that only a small number of cases
were surveyed, it is difficult to determine whether
the reduced vitamin D concentration increases
the risk of the development of prostate cancer.
Lifestyle and dietary habits that affect low vitamin D
concentration may also affect the risk of developing
prostate cancer. It cannot be excluded that in the case
of a significantly reduced vitamin D concentration
signaling pathways leading to cell proliferation
are different than in the case when vitamin D
concentration is only slightly reduced. Analyzing the
results between the groups in the present study, large
differences in vitamin D concentration were visible
between the groups.

Human prostate cells contain receptors for
la,25-dihydroxyvitamin D. Some scientists suggest
that prostate cancer cells may respond to vitamin
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D3 with increases in differentiation and apoptosis,
and decreases in proliferation, invasiveness and
metastasis (28). Based on in vitro studies, a causative
relationship between vitamin D3 concentration
and prostate cancer was demonstrated. However,
in vivo mechanisms are much more complex than
the mechanisms observed in vitro. Participation of
other factors and mechanisms which may have a
pivotal role in cancerogenesis may be reason of
a non-causative correlation between vitamin D3
concentration and prostate cancer.

At present, when so much attention is paid to an
individual approach to the incidence of cancer and
individualized therapy, we could suspect that the
protective effect of vitamin D on the development
of prostate cancer is also individual. It may for
instance result from the polymorphism of vitamin D
receptor and the activity of vitamin D metabolizing
enzymes. We cannot exclude that also other factors
which are still poorly understood may interfere with
this phenomenon. Our patients remain in the follow-
up. It would be useful to check whether vitamin D
supplementation is beneficial for patients from both
groups. Further studies in this area are planned.

In conclusion, the results of the present study
showed that vitamin D concentration was statistically
significantly lower in a group of patients with
prostate cancer as compared to a group with BPH.
The results, although performed on a small group of
patients, may indicate the potential role of vitamin D
in the pathogenesis of prostate cancer.
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This paper aimed to review the interferential effect of prolonged dual anti-platelet therapy after
Percutaneous Coronary Intervention (PCI), and the influence on reducing the myocardial infarction
rate. A computer search was carried out in the relevant libraries and databases, regarding all the
short-term (< 6 months) and long-term (> 6 months) dual anti-platelet therapies, and the curative and
observational studies on the effects and safety of interventional therapy. RevManS5.1 software was used
to meta-analyze the standard research. A total of 8 papers were finally selected. In the randomized
controlled research, meta-analysis showed that the myocardial infarction rate of a long-term dual anti-
platelet treatment group was lower than the short-term treatment group [OR=0.74, 95%CI (0.56, 0.98),
P<0.0001]. The meta-analysis of observational research showed that the myocardial infarction rate of
the long-term treatment group was lower than the short-term treatment group [OR=0.7, 95%CI (0.45,
1.08), P=0.11]; the incidence rate of late stent thrombosis in the long-term treatment group was lower
than in the short-term treatment group [OR=0.40, 95%CI (0.15, 1.07), P=0.07]. It can be concluded that
in the long-term group (>6 months) dual anti-platelet therapy after PCI can reduce the incidence rate
of myocardial infarction or death. In addition, long-term treatment can reduce the occurrence tendency
of late stent thrombosis. Furthermore, in the long-term treatment group, serious bleeding events did not
increase.

Acute myocardial infarction is a myocardial
necrosis disease caused by persistent and severe
myocardial ischemia and hypoxia, which are part
of coronary heart disease. The clinical symptoms
include shock, chest pain, heart failure and
arrhythmia (1). At present it is important for us to
promote the research of acute myocardial infarction,
to provide accurate scientific information for better
therapeutic treatment. Acute myocardial infarction
is a disease caused by platelet aggregation and

coronary artery spasm which leads to thrombosis,
on the precondition of atherosclerosis of coronary
artery (2, 3). At present, the main methods of
treating coronary atherosclerotic heart disease are
drug treatment, Percutaneous Coronary Intervention
(PCI) and Coronary artery bypass graft operation
(CABQG).

PCI has become an effective treatment in coronary
revascularization, but we should pay attention to
its safety after the operation, as the appearance of
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postoperative adverse cardiovascular events has
aroused wide concern as has anti-platelet therapy
after PCI (4, 5). Especially for patients with coronary
drug-eluting stent (DES), many clinical studies
show that, after the operation, dual anti-platelet
therapy using aspirin and thienopyridine (6) can
effectively prevent acute large cardiovascular events
such as sub-acute intravascular thrombosis and late
stent thrombosis, and can reduce the occurrence
of major adverse cardiovascular events (MACE).
However, premature discontinuation of anti-platelet
therapy can significantly increase the risk of MACE
occurrence (7), and prolonged anti-platelet therapy
may increase the risk of hemorrhage.

Malignant cardiovascular events of PCI therapy
mainly related with mechanical injury of coronary
plaque, hypercoagulable state of the body and
excessive activation of platelets. During PCI
treatment, the imbedding of stents leads to local artery
injury, plaque rupture of atherosclerotic plaque near
the injured artery, even tunica media vasorum injury.
Endothelium exposure and release of fibronectin,
such as vascular von Willebrand factor (vWF), leads
to platelet adhesiveness, aggregation and activation;
activated platelet release thromboxane A2 (TXA2),
5-hydroxytryptamine,  adenosine  diphosphate
(ADP) and platelet factor, which promotes platelet
aggregation and forms thrombus. On the other hand,
the activation of platelets obviously accelerates the
formation of thrombin and activates coagulation.
Meanwhile, tunica intima vasorum injury and the
release of tissue factor activates endogenous and
exogenous blood coagulation pathway. In addition,
the stent itself is a metal foreign matter; the electric
charge of positive ion on the surface of a metal stent
is one of the important causes leading to thrombus
formation. Moreover, drug eluting stent applies
drugs which inhibit cell hyperplasia of vascular
endothelial cells, inhibiting platelet aggregation and
cellulose sediment, which is a natural barrier against
the formation of thrombus. Insufficient coverage
of vascular endothelium weakens or eliminates
the natural barrier function of endothelium against
thrombus formation, and exposes the metal stent to
blood coagulation factor, leading to increased platelet
adhesiveness and aggregation, and eventually results
in the formation of thrombus. To date, dual anti-
platelet therapy has been verified as the most likely

to induce an adverse cardiovascular complication of
PCI therapy.

At present, in China and other countriess research
on the duration of anti-platelet therapy after PCI has
gradually increased, however the study results are
not completely consistent. Meta-analysis is used
to analyze several research results, to improve the
reliability of conclusions. Thus, we can use meta-
analysis to evaluate the effect of dual anti-platelet
therapy at different times on the effectiveness and
safety after PCI, therefore providing a reference for
clinical decisions.

MATERIALS AND METHODS

Materials

The reference selection criteria was based on
randomized controlled clinical trials and observational
studies (8). The study was divided into two groups
according to the duration of receiving dual anti-platelet
therapy after PCI therapy: a short-term treatment group
(<6 months) and a long-term treatment group (>6 months).
The subjects of study were patients with coronary
heart disease who received PCI. The search included
comparison of dual anti-platelet including the comparison
between the adverse cardiovascular events and bleeding
events after PCI.

The short-term group, after the therapy, was treated
with drugs of thiophene and pyridine (clopidogrel
75mg/d, or ticlopidine 5-10mg/d) for less than 6 months;
the long-term group, after the therapy, was treated with
drugs of thiophene and pyridine (clopidogrel 75mg/d,
or ticlopidine 5-10mg/d) for more than 6 months. In the
meantime, both groups took aspirin 82-325 mg/d until the
end of the study.

Determining indicators of long-term efficacy and
safety. The main therapeutic indicators were incidence
of death or myocardial infarction, whilst the minor
therapeutic indicators were the incidence of late stent
thrombosis. The security indicators were the incidence of
serious bleeding events.

Statistical analysis

The adopted references were meta-analyzed with
RevMan5.1 software and STATA 9.0 software, which
were provided by the Cochrane Collaboration. Firstly, we
determined whether there was heterogeneity between the
studies; % test was used to test the heterogeneity between
the research results, the significance was set as a =0.10,
that is, 95% CI. When statistical homogenity (P>0.05, I?
<50%) existed in the study, the fixed effect model (FEM)
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could be applied for analyzing; on the contrary, if the
clinical heterogeneity was excluded, random effect model
(REM) could be applied. The effect size applied the interval
estimation and hypothesis test, related risk rate or odds
ratio was used to describe the count data, the measurement
data used the weighted mean difference (WMD). When
the measurement methods or units had differences, or the
mean difference was too large, we chose standard mean
difference (SMD), 95% confidence interval (CI) was used
to describe the effect size. Interval estimation applied 95%
CI, hypothesis testing applied u to test and was represented
by Z value and P value, the significance level was set as
0.05 (9). Hypothesis test results are listed in Fig. 1.

As the studies of a same meta-analysis vary from each
other, we name the variations as heterogeneity, which can
be can be interpreted as the estimated variation of curative
effect between experiments; it is the direct result of
diversity of clinical and methodology studies. Statistical
heterogeneity is based on data, its principle is the bigger
the confidence interval, the greater the possibility
homogeneity exists between studies, on the contrary the
smaller the confidence interval, the greater the possibility
for heterogeneity to exist.

Search strategy

The search applied MEDICAL (Mesh) combined with
free words. Advanced search in the data base according to
Cochrane Reviewer’s Handbook on RCT, applied manual
searching in the Chinese Journal of Cardiology and also
searched grey literature.

Methodological quality assessment

Methodological quality assessment was carried out
by evaluating the quality of randomized controlled trials:
such as random allocation method, whether allocation
concealment is right, whether blind method was applied,
whether the report was withdrawn, as well as applied
intention-to-treat (ITT) analysis.

RESULTS

Methodological quality of literature search and
inclusion research

The database assessed and searched ensured the
recall ratio of the literature. By reading the abstracts
and the full text, 8 studies were selected (10-17).
Of these, 3 were randomized controlled trials [PCI-
CURE2001, CREDO2002, Park2010 (10-12)],
4 were observational studies. Due to the limited
number of relevant randomized controlled trials,
we blended and analyzed the randomized controlled

researches and observational studies; however, we
may have increased the selection bias possibility.

Meta-analysis results of randomized controlled
studies
Incidence rate of death or myocardial infarction
The follow-up of PCI-CURE2001, CREDO2002,
Park2010 (10-12) research was 8 months, 12 months
and 24 months, respectively. The mortality and
incidence rate of myocardial infarction between
the long-term group and short-term group which
received anti-platelet therapy were compared; and
as there was no statistical heterogeneity (I1>=0%,
P=0.42) between the studies (Fig. 1), we combined
the effect sizes applying fixed effect model. Meta-
analysis showed that compared with the short-term
group, in the long-term group the mortality and the
incidence rate of myocardial infarction after PCI
(OR = 0.74, 95% (0.56, 0.98), P < 0.0001) (Fig. 1)
were reduced and the difference between these two
groups was statistically significant.

Incidence rate of serious bleeding event

PCI-CURE2001, CREDO2002, P rk2010 (10-
12) research trials reported the occurrence of serious
bleeding events. As shown in Fig. 2, it was found
that the heterogeneity test showed no significant
heterogeneity between different studies (I*=0%,
P=0.62), therefore we applied the fixed effect
model. The combined analysis results showed that
the incidence rate of serious bleeding events in
the short-term group was lower than in the long-
term group, but the difference was not statistically
significant (Fig. 2).

Meta-analysis results of observational studies
Incidence rate of death or myocardial infarction
The follow-up time of these four observational
studies were as follows: literature (13-15), (17) were
24 months, 9 months, 24 months and 12 months,
respectively. They all reported the incidence of
death or myocardial infarction after PCI. There
was statistical heterogeneity between the different
studies (I>=77%, P=0.004), so the combined effect
size of random effect model was applied (Fig. 3).
Meta-analysis result [OR=0.7, 95% CI (0.45, 1.08),
P=0.11] showed that the incidence rate of death or
myocardial infarction in the long-term group was
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Fig. 1. Meta-analysis of incidence rate of death or myocardial infarction in the long-term group and short-term group.

100
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Fig. 2. Meta-analysis of the incidence rate of serious bleeding event between long-term group and short-term group.
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Fig. 3. Meta-analysis of the incidence rate of death or myocardial infarction in the long-term group and short-term

group.
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Fig. 4. Meta-analysis of incidence rate of late stent thrombosis.

lower than the short-term group, but the difference
was not statistically significant.

Incidence rate of late stent thrombosis events

The follow-up periods of the two observational
studies by literature (15, 16) were 24 months and 18
months, respectively. The occurrence was reported
of late stent thrombosis event, and statistical
heterogeneity existed in the different studies (1>=50%,
P=0.16), therefore the fixed effect model was applied
(Fig. 4). The meta-analysis results [OR=0.40, 95%
CI1(0.15, 1.07), P=0.07] showed that the incidence
rate of late stent thrombosis in the long-term group
was lower than the in the short-term group, but the
differences were not statistically significant.

DISCUSSION

In this paper, 8 studies were selected for meta-
analysis. Firstly, we studied 3 randomized controlled
studies. The results showed that there was no
heterogeneity, and then we performed the analysis
applying fixed effect model. The results showed that
in the patients in the long-term group who received
dual anti-platelet therapy after PCI, the incidence rate
of myocardial infarction was reduced (OR=0.74).
The 5 observational studies showed that there was

heterogeneity (I’=77%, P=0.004), then we used
the random effect model for analysis. The meta-
analysis showed that the mortality and incidence
rate of myocardial infarction in the long-term group
(>6 months) was lower than in the short-term group
(OR=0.7), but the difference was not statistically
significant. In the randomized controlled trials and
observational studies, we found that long-term
dual anti-platelet therapy for more than 6 months
can reduce the mortality and the incidence rate of
myocardial infarction. Two observational studies
(J-Cypher and Jia) reported the occurrence of late
stent thrombosis events during the follow-up. There
was no heterogeneity in these two observational
studies, so we used the fixed effect model for
analysis. Meta-analysis showed that the incidence
rate of late stent thrombosis in the long-term
subjects was lower than in the short-term subjects,
but the difference was not statistically significant
[OR=0.40, 95%CI (0.15, 1.07), P=0.07]. The
formation of late stent thrombosis can be reduced
by long-term treatment.

System evaluation collects and evaluates all
the relevant studies around the world, and then
comprehensive analysis and global assessment is
performed by combining all the research results. The
meta-analysis (a statistical method for quantitative
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synthesis) is sometimes necessary to arrive at a
comprehensive conclusion (valid, invalid and further
studies), and gather scientific evidence. Eight clinical
studies involved in the system evaluation evaluated the
effect and safety of dual anti-platelet therapy after PCI
with different treatment times. At present, drug therapy,
PCI and coronary artery bypass graft surgery are the
main methods of treating coronary atherosclerotic
heart disease. As is well-known, the efficacy of PCI to
treat coronary heart disease is definite, and has become
the main method of treatment worldwide.

The drawbacks of this meta-analysis and research
are: (i) the studies selected were all published in
Chinese or English - the lack of literature in other
languages might lead to discrepancies; (ii) the
samples were small, and observational research was
applied which made the assessment inexact; (iii) there
is no international unified criterion for grouping, and
clinical criteria may bring objective deviation.

In this paper, we used system evaluation and the
latest clinical evidence, concluding that long-term
(>6 months) dual anti-platelet treatment can reduce
the incidence rate of death or myocardial infarction
after PCI. Furthermore, long-term therapy can also
reduce the tendency of late stent thrombosis. At the
same time, long-term treatment did not increase the
incidence rate of serious bleeding events. Therefore,
the optimal strategies of dual anti-platelet therapy
can be decided by the circumstances.
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Metabolic syndrome (MS), a series of physiological and metabolic disorders caused by insulin
resistance, combines clinical syndrome of abdominal obesity, diabetes or impaired glucose regulation,
dyslipidemia, hypertension and other metabolic diseases. Several studies have found that multiple single
nucleotide polymorphism (SNP) exists in adiponectin gene (ADIPOQ) and some unusual mutations might
be related to hypoadiponectinemia and MS. This study aims to explore the relationship between ADIPOQ
gene polymorphism and lipid levels and diabetes. A total of 1,049 confirmed MS cases were selected for
research. From the perspective of potential functional SNPs of ADIPOQ gene, tag SNPs, combined with
environmental factors, we studied the relationship between ADIPOQ gene polymorphism and phenotype
(serum adiponectin level) and further analyzed the correlation of ADIPOQ gene polymorphism and
metabolic syndrome components so as to clear the relationship between ADIPOQ gene polymorphism
and lipid levels and diabetes and at the same time provide a scientific basis for preventing primarily MS

etiology and screening high-risk groups.

In recent years the rate of global diabetes mellitus
(DM) has risen sharply at an alarming rate. Up until
2013 international diabetes statistics indicated that
the number of patients from 20 to 79 years of age
reached 382 million, of whom type 2 DM patients
(T2DM) were the majority. MS is a clinical syndrome
which features the combined occurrence of central
obesity, diabetes or impaired glucose tolerance,

hypertension, dyslipidemia and hyperuricemia
on a histopathological basis of insulin resistance,
it induces the aggregation of various dangerous
factors such as atherosclerosis and eventually leads
to the occurrence and development of a variety of
cardiovascular and cerebrovascular diseases (1, 2).
At present, for the prevention of MS in the public
health system the focus mainly lies in conducting
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comprehensive prevention in the community, such
as primary and secondary key prevention, thus
restraining the current situation of type 2 DM and
high incidence of cardio-cerebrovascular disease
(3, 4). However, improvement in the standard of
living and dietary habits have changed, leading
to an increasing incidence of MS, also affecting
the younger population. Common measures for
prevention are those which adjust weight through a
balanced diet, psychological measures and a better
life-style. Western medicine mainly adopts active
depressurization and controls blood lipid blood
sugar in the treatment of MS, while the effect of
traditional Chinese medicine is relatively weak with
slower effects. The newly discovered adiponectin
can improve insulin, anti-inflammatory, and anti-
atherosclerosis resistance, which is the potential
target for preventing insulin resistance syndrome.
Other studies suggest that edmetabolic syndrome
has a predictive effect on cardiovascular diseases
and diabetes (1, 4, 5). The adiponectin encoding
gene, ADIPOQ), is near the 3 q27 susceptibility loci,
therefore is likely to be associated with the incidence
of MS. We can further speculate that the relationship
between the ADIPOQ gene and lipid levels are DM
(6). Studies explored the role of the ADIPOQ gene in
MS by observing the relevance of SNPs loci gene type
and triglyceride, high density protein cholesterol,
blood lipid emptiness, blood pressure and waistline
level in patients before and after adjustment in order
to clear the relationship between ADIPOQ gene
polymorphism and lipid levels and diabetes.

MATERIALS AND METHODS

In our case group, we collected 1,049 confirmed MS
cases (509 male and 540 female) (permanent residents
of Han), ranging from 35 to 75 years of age, from the
Endocrinology Department of Community Health and
Physical Examination Centers of three areas in the Jiangsu
province (Nanjing, Changzhou, Yizheng city) from the
South Medical University’s three affiliated hospitals
(The First Hospital of Nanjing City, The Second Hospital
of Changzhou City and The Third Affiliated Hospital)
from March 2009 to September 2010. According to the
temporary joint statement from a study conducted in 2009
of the International Diabetes Federation, the U.S. National
Heart, Lung and Blood Institution, the American Heart
Association, the World Heart Federation, the International
Society for Atherosclerosis and the International

Association For Obesity, the diagnostic criteria for MS
was that it should at least meet three of the following five
indicators: 1) central obesity (male waist >90 cm, female
waist >80 cm or higher); ii) rise of triglyceride levels:
>150 mg/dL (1.7 mmol/L), or is being treated for lipids;
iii) high density lipoprotein cholesterol: male <40 mg/
dL (1.0 mmol/L), female <50 mg/dL (1.3 mmol/L), or
is being treated for lipids; iv) increased blood pressure:
systolic blood pressure>150 mmHg (1 mmHg = 0.133
kPa) or diastolic blood pressure>85 mmHg, or prior
diagnosis of hypertension and is undergoing treatment; v)
fasting glucose >100 mg/d or prior diagnosis of diabetes.

In the control group, we collected 1,092 cases (without
endocrine metabolic medical history) in the same region
at the same time for normal control in the physical
examination center in which 491 were male, 601 were
female (mean age 55.74+13.10). They matched the age
and gender in the case group. The difference of average
age and gender in the two groups had no statistical
significance and in both groups all came from Han.

When agreeing and signing the informed consent
a health status questionnaire was used for carrying
out an epidemiological and health comparison
investigation. Other details included general demographic
characteristics, T2DM and other chronic medical history,
family history, smoking and alcohol history and a general
physical profile. Height, weight, blood pressure and
waistline were measured, blood samples were collected
and blood sugar was detected.

Blood specimen collection and genome DNA extraction
Vacuum blood tube was used for extracting 5 ml
venous blood in each subject and anticoagulant was
added. Specimens of white blood cells (blood clot was
taken if part of the specimens were without anticoagulant)
were taken and put in -20°C for preservation. Traditional
phenol-chloroform extraction was applied in extracting
genome DNA. Ultraviolet spectrophotometry (260/280
ratio) method was used for ensuring the purity of DNA,
and the concentration of DNA was measured by OD260.

Gene loci SNPs selection

Four SNPs loci associated with MS, rs266729 (C>G),
rs1063539 (G>C), 1516861205 (G>C) and rs7649121
(A>T) were selected, and the relevance of genotype of
each locus in case group and MS component triglycerides,
high density lipoprotein cholesterol, fasting blood glucose,
blood pressure and waistline was further analyzed.

Genotyping

The measure of locus of ADIPOQ gene was through
the extraction of genome DNA and considering it as the
PCR template and performance of genetic typing for
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locus of ADIPOQ gene associated Realtime PCR with
Tagman-MGB probe. Samples were added according
to the following method (5 pL method): 0.5 pul DNA
template, 2.5 ul TagMan® Universal PCR Master Mix,
0.25 pl Forward/Reverse Primers, 0.125 pl Probe 1/Probe
2 and 1.625 pl ddH20. Reaction condition: 2 m 50°C, 10
m 95°C, 155 95°C, 1 m 60°C, 40 cycles. SDS2.0 software
(ABI) was used for result observation. Every 384-well
plate included 2 positive controls from the same sample.

Statistical analysis

All data was double-typed in by two people with
EPIDATA3.0 software and then statistical analysis was
used after checking and proofreading. Statistical analysis
adopted SPSS. Measurement data was expressed as
Mean+SD. Covariance analysis was used for comparing
the MetS components level of each genotype on ADIPOQ
gene. ¢? test was adopted in the enumeration data and the
difference had statistical significance if P<0.05.

RESULTS

Correlation of SNPs loci genotype of ADIPOQ gene
and triglyceride levels

After analyzing differences of average level of
MS component triglycerides of different genotypes

of four SNPs loci of ADIPOQ gene in case group
and adjusting age, gender, high density lipoprotein
cholesterol, fasting blood glucose, blood pressure,
waistline, smoking, drinking and physical activity
factors, we found that subjects average level of
triglyceride (2.62+2.50 mmol/L) carrying hybrid
type rs266729 CG was lower than subjects carrying
wild type CC(2.96+2.71 mmol/L) and the difference
had statistical significance (P=0.039). We had not
found statistical significance in the differences of
average level of triglycerides of different genotypes
among other three SNP loci (P>0.05) (Table I).

Correlation of SNPs loci genotype of ADIPOQ gene
and high density lipoprotein cholesterol

After analyzing differences of average level
of MS components high density lipoprotein
cholesterol of different genotypes of four SNPs loci
of ADIPOQ gene in case group and adjusting age,
gender, high density lipoprotein cholesterol, fasting
blood-glucose, blood pressure, waistline, smoking,
drinking, and physical activity factors, we found
that the average level of triglyceride (1.20+0.49
mmol/L) of subjects carrying hybrid type rs266729

Table 1. Correlation of SNPs loci genotype of ADIPOQ gene and triglyceride levels.

P Value
Loci Genotype Quantity mean = SD (mmol/L) - -
Before Adjustment | After Adjustment **
845
CcC 465 2.96+2.71 N/A N/A
1s266729
CG 309 2.62+2.50 0.070 0.039a
GG 75 2.42+1.41 0.089 0.122
843
GG 411 2.66+2.43 N/A N/A
rs1063539
GC 355 2.94+2.81 0.131 0.143
cC 77 2.95+2.09 0.362 0.310
838
GG 571 2.80+2.71 N/A N/A
rs16861205
GA 247 2.83£2.33 0.877 0.841
AA 20 2.74+1.70 0.907 0.941
845 2.61
rs7649121 AA 515 2.88+4.00 N/A N/A
AT 278 2.71£2.63 0.383 0.314

**: Adjustment factors are age, gender, high density lipoprotein cholesterol, blood glucose, blood pressure, waistline,
smoking, drinking, and physical activity; a: Covariance analysis of comparison on wild genotype CC.
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Table I1. Correlation of SNPs loci genotype of ADIPOQ gene and high density lipoprotein cholesterol.

P Value
Loci Genotype Quantity mean = SD (mmol/L) - -
Before Adjustment After Adjustment **
845
cC 465 2.96+2.71 N/A N/A
Rs266729
CG 309 2.624+2.50 0.070 0.039a
GG 75 2.42+1.41 0.089 0.122
843
GG 411 2.66+2.43 N/A N/A
rs1063539
GC 355 2.94+2.81 0.131 0.143
CcC 77 2.954+2.09 0.362 0.310
838
GG 571 2.80+2.71 N/A N/A
rs16861205
GA 247 2.83+2.33 0.877 0.841
AA 20 2.74+1.70 0.907 0.941
845 2.61
AA 515 2.884+4.00 N/A N/A
1s7649121
AT 278 2.71+2.63 0.383 0.314
TT 52 2025+1.03 0.091 0.124

**: Adjustment factors are age, gender, high-density lipoprotein cholesterol, blood glucose, blood pressure, waistline,
smoking, drinking, and physical activity, a: Covariance analysis of comparison on wild genotype CC.

Table I11. Correlation of SNPs loci genotype of ADIPOQ gene and fasting blood glucose.

P Value
Loci Genotype Quantity mean = SD (mmol/L) - -
Before Adjustment After Adjustment **
985
CC 551 8.99+3.87 N/A N/A
13266729
CG 350 8.88+4.13 0.670 0.723
GG 74 8.11+4.62 0.081 0.201
989
GG 472 9.05+4.14 N/A N/A
rs1063539
GC 426 9.04+4.06 0.973 0.864
CcC 91 9.00+3.75 0.929 0.768
983
GG 675 9.04+4.04 N/A N/A
rs16861205
GA 285 9.15+4.21 0.688 0.528
AA 23 8.28+3.22 0.028 0.019a
990
AA 615 9.1244.00 N/A N/A
rs7649121
AT 309 8.85+4.10 0.338 0.383
TT 66 9.804+4.59 0.195 0.222

**Adjustment factors are age, gender, high-density lipoprotein cholesterol, blood glucose, blood pressure, waistline,
smoking, drinking, and physical activity, a) Covariance analysis of comparison on wild genotype CC.
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Table IV. Correlation of SNPs loci genotype of ADIPOQ gene and blood pressure.
O Systolic Pressure Diastolic Blood Pressure
Loci Genotype § mean + SD P Value P Vglue After mean + SD | P Value Before P Vglue After
= Before Adjustment . Adjustment
g (mmHg) Adjustment s (mmHg) Adjustment s
979
266729 CcC 548 137.11£19.60 N/A N/A 84.98+11.85 N/A N/A
CG 348 138.56+20.00 0.281 0.489 84.93+10.98 0.946 0.887
GG 83 135.52+17.83 0.491 0.529 84.93+11.60 0.968 0.990
984
1s1063539 GG 469 137.82+19.00 N/A N/A 85.03+11.36 N/A N/A
GC 426 136.47+19.50 0.302 0.163 84.49+11.19 0.482 0.165
CcC 89 141.17+£22.66 0.139 0.048a 88.02+13.60 0.025 0.013a
976
1516861205 GG 670 138.08+20.26 N/A N/A 85.19+11.82 N/A N/A
GA 284 137.42+18.29 0.635 0.712 85.24+10.91 0.958 0.799
AA 22 128.68+15.51 0.027 0.028b 81.91+13.02 0.091 0.029b
984
17649121 AA 609 137.03+£19.61 N/A N/A 85.11+11.51 N/A N/A
AT 311 138.25+18.12 0.372 0.656 84.49+11.11 0.441 0.397
TT 64 138.53+21.92 0.560 0.481 86.70+13.68 0.294 0.255

Adjustment factors are age, gender, high-density lipoprotein cholesterol, blood glucose, blood pressure, waistline,
smoking, drinking, and physical activity; a) Covariance analysis of comparison on wild genotype GG, b) Covariance
analysis of comparison on wild genotype GG.

Table V. Correlation of SNPs loci genotype of ADIPOQ gene and waistline.

Loci Genotype Male Female
Quantity mean + SD P Value P Value After | Quantity | mean+ SD | P Value Before | P Value After
Before Adjustment ** Adjustment | Adjustment **
Adjustment
15266729 478 490
CC 264 91.80+8.11 N/A N/A 282 86.60+8.58 N/A N/A
CG 168 91.51+8.89 0.734 0.658 174 88.05+9.55 0.093 0.053
GG 46 91.44+9.46 0.792 0.895 34 85.25+8.44 0.405 0.450
rs1063539 475 497
GG 227 92.70+8.50 N/A N/A 233 87.20+9.54 N/A N/A
GC 202 90.94+9.02 0.065 0.051 222 86.59+8.18 0.461 0.500
CC 46 89.53+6.45 0.052 0.068 42 88.32+9.23 0.455 0.417
rs16861205 471 493
GG 324 91.22+8.20 N/A N/A 335 87.23+8.74 N/A N/A
GA 133 92.49+9.79 0.152 0.138 149 86.67+9.53 0.526 0.320
AA 14 93.44+4.95 0.346 0.383 9 85.89+4.65 0.057 0.026a
rs7649121 475 498
AA 293 91.38+8.17 N/A N/A 313 86.90+8.41 N/A N/A
AT 147 92.38+9.11 0.256 0.315 157 87.03+8.41 0.885 0.649
TT 35 90.79+10.09 0.701 0.706 28 87.14+8.44 0.890 0.639

**Adjustment factors are age, gender, high-density lipoprotein cholesterol, blood glucose, blood pressure, waistline,
smoking, drinking, and physical activity; a) Covariance analysis of comparison on wild genotype GG.

CG was higher than subjects carrying wild type
CC (1.13+0.37 mmol/L), and the difference had
statistical significance (P=0.010). We had not found

statistical significance in the differences of average
level of high density lipoprotein cholesterol of
different genotypes among other three SNP loci
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(P>0.05) (Table II).

Correlation of SNPs loci genotype of ADIPOQ gene
and fasting blood glucose level

After analyzing differences of average level of
MS components fasting blood glucose of different
genotypes of four SNPs loci of ADIPOQ gene in
case group and adjusting age, gender, high density
lipoprotein cholesterol, fasting blood-glucose, blood
pressure, waistline, smoking, drinking, and physical
activity factors, we found that the average level of fasting
blood glucose (8.28+3.22 mmol/L) of subjects carrying
hybrid type 1516861205 AA was lower than subjects
carrying wild type GG (9.04+4.04 mmol/L) and the
difference had statistical significance (P=0.019). We
had not found statistical significance in the differences
of average level of triglycerides of different genotypes
among other three SNP loci (P>0.05) (Table I1I).

Correlation of SNPs loci genotype of ADIPOQ gene
and blood pressure

After analyzing differences of average level
of MS components blood pressure of different
genotypes of four SNPs loci of ADIPOQ gene in
case group and adjusting age, gender, high density
lipoprotein cholesterol, fasting blood-glucose, blood
pressure, waistline, smoking, drinking, and physical
activity factors, we found that systolic pressure
(141.17+22.66 mmHg) and diastolic blood pressure
level (88.02+13.60 mmHg) of subjects carrying
mutant typers1063539 CC was respectively higher
than systolic pressure (137.82+19.00 mmHg) and
diastolic blood pressure level (85.03+11.36 mmHg)
of subjects carrying wild type GG; systolic pressure
(128.68+15.51 mmHg) and diastolic blood pressure
level (81.91£13.02 mmHg) of people carrying mutant
typers16861205 AA was respectively higher than
systolic pressure (138.08+20.26 mmHg) and diastolic
blood pressure level (85.19+11.82 mmHg) of subjects
carrying wild type GG and the difference had statistical
significance (P=0.048, 0.013, 0.028, 0.029). We had
not found statistical significance in the differences of
average level of blood pressure of different genotypes
among other two SNP loci (P>0.05) (Table IV).

Correlation of SNPs ADIPOQ gene loci genotype
and waistline
After analyzing correlations of MS components

waistline of different genotypes of four SNPs loci
of ADIPOQ gene in case group and adjusting
age, gender, high density lipoprotein cholesterol,
fasting blood-glucose, blood pressure, waistline,
smoking, drinking, and physical activity factors,
we found that waistline of females carrying mutant
type 1516810205 AA (85.89+4.65 cm) was lower
than females carrying wild type GG (87.23+8.74
cm) and the difference had statistical significance
(P=0.026). We had not found statistical significance
in the differences of average level of triglyceride
of different genotypes among other three SNP loci
(P>0.05) (Table V).

DISCUSSION

At present pathogenesis of MS has not been
fully illustrated. The American Heart Association,
the American Heart, Lung and Blood Institution
and The American Diabetes Association summarize
the pathogeny into three aspects in its published
clinical consensus: i) obesity and adipose tissue
dysfunction; ii) insulin resistance; iii) high blood
pressure, hypercoagulable state, aging of lipoprotein
metabolism and dysfunction caused by a series of
independent factors (such as hepatic cell, vascular
endothelial cells, some molecules derived from
immune cells) (7). Adipose tissue provides storage
and energy, at the same time has endocrine
function. Studies have shown that adiponectin
can be considered as an important regulator and
biomarker of the MS (6). In addition, high serum
adiponectin level can regulate resistance of fat
inflammation, insulin resistance and MS, especially
in obese subjects. Serum adiponectin is influenced
by environmental factors and regulated by ADIPOQ
gene.

Mononuclear polymorphism of ADIPOQ gene
is closely related to MS., From the perspective of
four SNPs loci of ADIPOQ gene that are statistically
associatedwithMS, thisstudyanalyzestherelationship
between each SNPs loci and MS components in MS
patients. Blood lipid refers to the general term of
neutral fat (triglycerides and cholesterol) and lipoid
(phospholipids, glycolipids, sterols and steroids)
in plasma. In the case group, the average level of
triglyceride in subjects carrying hybrid type rs26672
CG is lower than subjects carrying the wild type
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CC after adjusting age, gender, smoking, drinking,
and physical activity factors. But the average level
of high density lipoprotein cholesterol in subjects is
higher than people carrying wild type rs266729 CC
and the difference had statistical significance. This
suggests that 1s266729 G-allele can reduce the blood
lipid level in MS patients, and may reduce the risk of
occurrence of MS. Ferguson et al. (8) found rs266729
G-allele could reduce the risk of dyslipidemia, which
is in accordance with the results of the study. Marso
et al. (9) once confirmed that the concentration
of serum adiponectin was not only negatively
correlated with triglyceride, total cholesterol levels
and apolipoprotein B and E, but also positively
correlated with serum high density lipoprotein
cholesterol and apolipoprotein A-1. Furthermore,
after comparing the average level of fasting blood
pressure in the case group, the results show that the
level of fasting plasma glucose of people carrying
mutation type rs16861205 AA genotype is lower
than people carrying wild type GG. This hints that
rs16861205 A-allele can reduce the blood glucose
level in MS patients, which is consistent with IR
results that RS266729 C-allele can increase the risk
of occurrence of T2DM discovered by Wang, Xizhen
and Schwarz, et al (10, 11). This study also finds that
rs1063539 C-allele can increase high blood pressure
level in MS patients and the variation of ADIPOQ
gene may be a genetic basis of obesity and related
diseases (6, 12).

The study confirms that the main effects of
ADIPOQ gene polymorphic loci in different sites
are different in MS metabolic disorder. Rs266729
G-allele can reduce the blood lipid level in MS
patients, and rs16861205 A-allele can reduce the
blood glucose level in MS patients. In addition,
rs1063539 C-allele can increase high blood pressure
level in MS patients and the variation of ADIPOQ
gene may be a genetic basis of obesity and related
diseases.
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Dental composite resins are biomaterials commonly used to aesthetically restore the structure
and function of teeth impaired by caries, erosion, or fracture. Residual monomers released from resin
restorations as a result of incomplete polymerization processes interact with living oral tissues. The objective
of this study was to evaluate the genotoxicity of a common dental composite material (Enamel Plus-HFO),
in subjects with average 13 filled teeth with the same material, compared to a control group (subjects
having neither amalgam nor composite resin fillings). Genotoxicity assessment of composite materials
was carried out in vitro in human peripheral blood leukocytes using sister-chromatid exchange (SCE)
and chromosomal aberrations (CA) cytogenetic tests. The results of correlation and multiple regression
analyses confirmed the absence of a relationship between SCE/cell, high frequency of SCE (HFC) or CA
frequencies and exposure to dental composite materials. These results indicate that composite resins used
for dental restorations differ extensively in vivo in their cytotoxic and genotoxic potential and in their

ability to affect chromosomal integrity, cell-cycle progression, DNA replication and repair.

Dental caries continues as the most prevalent
malady in Dentistry despite remarkable advances
in prevention over the past few decades. The long-
lasting, ongoing controversy on the hazards for
patients due to mercury exposure from amalgam has
also increased the public interest in possible adverse
effects caused by other dental restorative materials,
like composite resins and resinous pit and fissure
sealants (1).

During the last two decades, the use of resin
composites for aesthetic restorative procedures
has increased owing to improvements in adhesive
systems and resin composite materials. Owing to
advancement in filler technologies, the fillers in resin

composites changed from macro or micro particles
to hybrid or micro-hybrid particles (2) but no long-
term clinical studies are available up today (3-5).
Monomers like triethylene glycol dimethacrylate
(TEGDMA) or 2-hydroxylethyl methacrylate
(HEMA) are cytotoxic via apoptosis, induce
genotoxic effects, and delay the cell cycle (6).
Monomers also influence the response of cells
of the innate immune system, inhibit specific
odontoblast cell functions, or delay the odontogenic
differentiation and mineralization processes in pulp-
derived cells including stem cells (7). The liberation
of TEGDMA from resin restorations, therefore,
should be minimized or prevented. Furthermore, it
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must be emphasized that there is no cell line which
is consistently more sensitive compared with others
(8). On the other hand, little is known however with
respect to pharmacokinetics and toxicokinetics of
degradation products of resin components. Some
components of dental resin could have genotoxic
effects on genomic DNA as potential target for
chemical substances (1, 7).

As reported in Nature in 1975 (9), “The (SCE)
test gives a very sensitive and rapid method for
testing potential mutagenicity of chemical agents
and provides a powerful method for detecting
environmental mutagens” chromosome aberrations
(CA) could be evaluated in conventional metaphase
samples and in combination with the evaluation
of SCE could provide a “first step” insight in the
cytogenetic damage induced by various agents at
very low concentrations (10).

Moreover, the determination of proliferation rates
and mitotic indices in lymphocyte cultures has been
proved to be a very useful and sensitive indicators as
demonstrated by Barale and Norppa (11, 12). Namely,
recent investigation demonstrated that elutes derived
from three direct composite resins (Tetric Ceram /
Ivoclar-Vivadent, Simile /Pentron, Filtek Z-250/3M
ESPE) increased of sister-chromatid exchange and
chromosomal aberrations frequencies (13).

The aim of this study was to evaluate in vivo the
possible genotoxicity of a common dental composite
material in a group of subjects with several teeth
filled with the same substance respect to a control

group.
MATERIALS AND METHODS

Patients, materials and cell culture

The participants in this study were divided into two
groups.

Group I (Exposed): each independent experiment was

carried out using blood of 20 different healthy donors
(12 males and 8 females, Caucasians, aged 18-29 years
(mean age 23.5 yrs), not on any medication) with a total of
between 10 and 16 (average 13) teeth filled with the same
dental composite materials (Enamel Plus-HFO Micerium
S.p.A., Avegno, Italy) and with the absence of amalgam
restorations.

Group Il (Controls): twenty subjects (10 males and
10 females, Caucasians, aged 18-23 years (mean age
20.5 yrs) without exposure to dental composite materials
(having neither amalgam nor composite resin fillings),
were recruited from the students of the University of Bari
“Aldo Moro” Dental School as controls. The subjects
were, non-smokers, not alcohol consumers and not on any
medication.

In this study group, 9 smokers were also enrolled, with
a duration of the smoking habit from 1 to 9 years, and
with a number of cigarettes per day from 5 to 10.

Written informed consent to participate in the research
was obtained from all subjects, who were enrolled at the
Dental Clinic, Operative Unit of Restorative Dentistry,
during the daily practice routine.

Blood samples were collected, transported at room
temperature and cultured for cytogenetic tests within 1
h from collection. The brands, types, manufacturer, and
chemical compositions of the materials used in this study
are listed in Table I. We performed at least two replicate
cultures for each sample.

Cytogentic tests

The time of culture was 48 h for CA and 72 h,
maintained in the dark with the addition of Sug/ml
S-bromodeoxyuridine (BrdUrd) for SCE. The CA and
SCE analyses were carried out using standard procedures
(14) as previously described (15, 16). For CA analysis,
in accordance with the International System for Human
Cytogenetic Nomenclature (ISCN), at least 100
metaphases were counted and scored for each donor (ISCN
1978) (10); for SCE analysis, at least 25 metaphases of the
second mitotic division were analyzed for each subject,
and metaphases of the first (M1), second (M2) and third
(M3) mitotic divisions were counted to calculate the
proliferation rate index (PRI), according to the formula:

Table 1. Composite resin-based materials investigated in this study.

Material
(manufacturer)

Type of
Material

Main Components

Curing method

Enamel Plus-HFO
(Micerium S.p.A.,
Avegno, Italy)

micro-hybrid ..
aluminium,

bis-GMA, TEGDMA, UDMA resin 5.2%
butandioldimethacrylate, 66.3 vol% strontium,
glass
siliciumoxide, 0.3 wt% pigments.

40 s
Photo-polymerization,

0
76 Wt | e Wiem? (bluepahse)

(silanized)
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Table II. SCE, HFC, CA and PRI in materials investigated in this study.

SCE/cell HFC (%) CA (%) PRI
Controls Mean (SD) 5.6 (0.8) 6.4 (6.4) 1.9 (1.8) 2.7(0.1)

(N=20) Median 5.5 4.0 2.0 2.7
Min—max 4.4-7.6 0-20 0-8 2529
Mean (SD) 5.9(1.3) 6.7 (1.7) 1.7 (1.8) 2.7(0.1)

%":"ng)‘i Median 5.6 4.0 1.7 2.7
Min—-max 4.1-8.6 0-20 0-8 2.6-2.9

k

Nom-smokers | Mean (SD) 5.5% (0.8) 5.2(5.6) 1.9 (1.9) 2.7(0.1)

(N=31) Median 53 4.0 2.0 2.7
Min—-max 4.1-7.5 0-20 0-8 2.5-29
Mean (SD) 6.6% (1.2) 9.9 (9.0) 1.4 (1.6) 2.7(0.1)

S“(I‘\?:kge)r ® Median 6.3 8.0 1.0 2.7
Min-max 45-8.6 0-20 0-5 2528

*=SCE/cell: smokers vs non-smokers: t=3.66, p=0.001

PRI=M1+2M2+3M3/100 (17). The threshold value to
define high frequency of SCE (HFC) was calculated
according to the procedure reported in Carrano and Moore
(1982); cells with a minimum of 11 SCE (corresponding
to the 95th percentile of the overall distribution) were
considered as HFC (18).

Statistical analysis

The statistical analysis was performed using the
Statistical Package for Social Sciences (SPSS, Version
12.0, Chicago, IL, USA). To compare groups, parametric
procedures (Student’s #-test) were used for normally
distributed variables, in some cases after logarithmic
transformation, while non-parametric procedures (Mann-
Whitney U-test) were used for non-normally distributed
variables. Correlations between variables were determined
by the Spearman’s test. Multiple regression models
were used to analyze the relationship between different
variables. A p<0.05 was considered significant.

RESULTS

Nosignificant correlation between exposed subject
and CA, SCE/cell, HFC frequencies or PRI (r=0.03,
p=0.6; =0.1, p=0.6; r=0.2, p=0.1; r=0.1, p=0.3;
respectively) or between the number of cigarettes/
day and CA or PRI (r=-0.1, p=0.3; r=0.01, p=0.8;
respectively) was demonstrated. When subjects were
classified as smokers vs nonsmokers (Table II), we
observed no differences as regards CA frequency
and PRI, while the mean frequency of SCE/cell was

higher in smokers than in non-smokers (p=0.001),
as reported in Table II. HFC frequency in the dental
composite subject group (exposed) was higher in
smokers than in non-smokers, but these differences
did not reach statistical significance (p=0.1 for HFC
and p=0.3 for exposed subjects).

However, a significant positive correlation was
found between the number of cigarettes/day and
both SCE/cell frequency (r=0.3, p=0.003) and HFC
frequency (r=0.2, p=0.03). Further analyses were
performed by multiple regression: two models
were applied, considering both SCE/cell and
HFC frequencies as dependent variables and age,
exposition (yes/no), number of cigarettes/day, as
independent variables. In both models, a significant
relationship was observed between the number
of cigarettes smoked per day and both SCE/cell
(F=2.96; p=0.013) and HFC (F=11.73; p=0.001)
frequencies.

DISCUSSION

To our knowledge the present study is the first with
in vivo cytogenetic data derived from an hypothesis
of exposure to dental restorations materials in
subjects with a significant number of filled teeth.
Biocompatibility of dental materials is an important
consideration for the patient, clinician, laboratory
technician, and manufacturer. Dental composite
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resin materials degrade under the influence of saliva
and other elements of the oral environment, and
release harmful agents, thee general and local health
risks of which are still under consideration (1, 6, 13).
The general public has a substantial interest in the
safety of dental restoration materials as indicated by
the recent request of the European Commission to
the Scientific Committee on Emerging and Newly
Identified Health Risks (SCENIHR) to update, if
appropriate, the opinion on this subject adopted
in 2008 (19, 20). Ideally, a dental material that is
to be used in the oral cavity should be harmless to
all oral tissues, gingiva, mucosa, pulp, and bone.
Furthermore, it should contain no toxic, leachable,
or diffusible substances that can be absorbed into
the circulatory system, causing systemic responses,
including teratogenic or carcinogenic effects. The
materials should also be free of agents that could
elicit sensitization or an allergic response in a
sensitized patient.

The results of correlation and multiple regression
analyses confirmed the absence of a relationship
between SCE/cell, HFC or CA frequencies and
exposure to dental materials (average 13 teeth
filled with the same dental composite). Our results
also show the clear influence of cigarette smoking
on some genotoxic endpoints, with a significant
relationship between the number of cigarettes/day
and both SCE/cell frequency (p=0.003) and HFC
(p=0.03), in line with literature data (12). Moreover,
many factors affect the toxicity of the components
leached from the resin; in general, the monomers are
more cytotoxic after 24 hours of aging and become
less toxic with aging (21).

Theresultsobtainedinarecentinvitroinvestigation
(mild to no toxic effects to the odontoblast-like
MDPC-23 cells after light activation in contrast
to intense cytotoxic effects when the resin-based
material was not light-cured) suggested that any
factor that limits or undermines the polymerization
of resin materials such as low light intensity, short
light-curing time, longer distance between material
surface and light source, may contribute to increase
significantly their cytotoxic effects to the pulp cells
(22). Therefore, itismandatory thatthe manufacturers’
instructions of use are strictly followed regarding the
adequate photoactivation of resin materials, which is
inversely related to cytotoxicity (23). Furthermore,

in a recent study, the Authors noted that expiry dates
have a significant effect on the cytotoxicity of the
composite materials and they concluded that expired
composites presented lower cell viability than the
non-expired composites over the three-day time
period; the difference in survival rates between the
expired and non-expired groups was statistically
significant (24).

According to the evidence-based dentistry (25),
taking into account that dental composite resins have
an integral role in every day dental clinical practice,
it is extremely important to encourage not only the
development of less cytotoxic materials but also,
as a future goal, the development of “biomimetic”
materials or “biofillings”, which will be effective in
stimulating natural tissue repair and maintaining the
vitality of the compromised oral tissues.

The combined efforts being made in the field on
cellular toxicology of resin monomers and related
future findings derived from cell biology will improve
our understanding of possible systemic disorders as
well as the identification of potential chronic local
adverse effects caused by dental materials.

Further research is needed to investigate
biochemical stability of composite resins in the oral
cavity which will lead to a more concise definition of
biocompatibility related to dental resin composites
and risk assessment.
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This immunohistochemical study aims to investigate the Atrial natriuretic peptide (ANP)-presence
and localization in human articular cartilage. Fragments of articular cartilage covering the femoral
head were removed from patients submitted to surgical operation after femoral neck fracture without
joint disease. The samples were immunostained with anti-ANP antibody. The results demonstrate that
ANP is present in chondrocytes in all the three zones of the articular cartilage. Superficial chondrocytes
show strong ANP-immunopositivty. The presence of ANP in the articular cartilage suggests that ANP
may play a role in cartilage metabolism by regulating transport of molecules through the different zones
of the articular cartilage and in maintenance of its homeostasis; probably ANP could be also involved in

the regulation of the balance between synovial fluid and the other body fluids.

Atrial natriuretic peptide (ANP) is a polypeptide
hormone mainly synthesized and excreted by
cardiomyocytes of the heart of mammals (dog,
rabbit, man) and non mammalian vertebrates, such as
amphibians (1) and tunicates (2). However, ANP is
not only a cardiac hormone since it plays a role in the
function of many different organs such as brain (3),
kidney (4), turbinate (5), lung (6), pancreas (7) and
salivary glands (8, 9). Ithas been widely demonstrated
that ANP plays an important role in electrolyte
composition and regulation of the homeostasis of
body fluids, such as the humor aqueous in the eye,
the cerebrospinal fluid in the brain, the blood plasma
and the saliva. Therefore ANP may be also involved
in the regulation of synovial fluid. Synovial fluid is
synthesized by synovial membrane and is poured
into the articular cavity. Synovial fluid is an essential
nourishment to the metabolism of articular cartilage
by a mutual, continuous transport of molecules

between the articular cartilage and the synovial fluid.
Therefore, the articular cartilage plays an important
role in the turnover of the synovial fluid.

Considering the above-described roles of ANP
and the metabolism of the articular cartilage, we
hypothesized that this peptide may be present in the
articular cartilage and contribute to the turnover of
the synovial fluid. This immunohistochemical study
aims to investigate the presence of ANP and its
localization in human articular cartilage.

MATERIALS AND METHODS

Specimens of articular cartilage were removed from
the head of the femur of patients who underwent joint
surgery for femoral neck fracture with no history of joint
disease. All samples were immediately fixed in Bouin‘s
fluid, dehydrated in graded alcohol and embedded in
paraffin. Histological sections, 5-um thick, were dewaxed
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inxylene, rehydrated in a graded series of alcohols and then
transferred into distilled water for 5 min. Immunostaining
was performed using the DakoCytomation EnVision +
System-HRP (AEC) kit from Dako (Dako, Glostrup,
Denmark). Briefly, the sections were covered with the
Peroxidase block reagent and incubated for 5 min at room
temperature. The samples were rinsed once in PBS buffer
pH 7.2. The sections were covered with or without rabbit
anti-ANP polyclonal antibody (Chemicon, Temecula, CA,
USA) and incubated at 4°C overnight. The antibody was
diluted 1:800 in PBS containing 0.1% BSA. The samples
were rinsed twice in PBS pH 7.2 and then incubated
with Peroxidase labelled polymer reagent for 30 min.
The samples were rinsed twice in PBS pH 7.2, incubated
with the Substrate-Chromogen reagent and immediately
observed under a light microscope; the reaction was
continued until staining appeared (2—-10 min). Reaction
was stopped by rinsing the slides in distilled water.
Negative control samples were treated in the same way
except for the omission of the primary antibody. The slides
were coverslipped using Dako Cytomation Faramount
aqueous mounting medium. Finally, the immunostained
sections were observed and photographed under a Leica
DM1000 light microscope.

RESULTS

The histological sections showed that the human
articular cartilage was composed of chondrocytes
immersed in an extracellular matrix constituting
a morpho-functional unit. The superficial zone
was a thin layer, composed of flattened ellipsoid
chondrocytes and parallel arrangement of the fibrils.
The transitional zone had lower cell density with
predominantly spheroid-shaped cells embedded
in abundant extracellular matrix. The radial zone
had the lowest cell density: cells were arranged
perpendicular to the surface and were spheroidal
in shape. The mineralized cartilage zone contained
small amounts of cells embedded in a calcified
matrix.

The ANP-immunostained sections showed that
ANP was present in the human articular cartilage.
In particular, ANP-immunoreactivity was detectable
in all the layers of the cartilage; the chondrocytes in
the intermediate and in the inner layers were faintly
ANP-immunoreactive, while the extracellular matrix
was unstained (Fig. 1). The superficial layer showed
marked ANP-immunoreactivity and the chondrocytes
showed a strong ANP-immuno reactivity in their

Fig. 1. Human articular cartilage. ANP-immunopositive
chondrocytes and ANP immunonegative matrix. Enhanced
magnification 10X.

40x

Fig. 2. Human articular cartilage. Superficial layer
with  ANP-immunopositive — chondrocytes. Enhanced
magnification 40X.

whole cytoplasm (Fig. 2). Control samples resulted
ANP-immunonegative (Fig. 3).

DISCUSSION

The articular cartilage covers the articular surfaces
in bone ends. The articular cartilage is composed
of chondrocytes included within an abundant
extracellular matrix, which are responsible for the
synthesis and maintenance of the extracellular matrix
itself (10). The homeostasis of hyaline cartilage is
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Fig. 3. Human articular cartilage. Negative control is
ANP-immunonegative. Enhanced magnification 10X.

maintained mainly by chondrocytes through the
interaction between collagen, proteoglycans, and
interstitial fluid components (11).

The mechanical strength of the hyaline cartilage
is determined by the marked hydrophylia of the
extracellular matrix, the accumulation of interstitial
fluid in the tissue and the balance between the
macromolecular and aqueous phases.

The metabolic activity of chondrocytes is
influenced by some physical and chemical factors,
such as the ionic and osmotic environment of
cartilage, which in turn alters the shape and volume
of the resident cells (12). Chondrocytes respond to
environmental changes in a well-coordinated and
adaptive manner to changes in their environment.
Ionic and osmotic changes in cartilage have been
shown to alter cell morphology and affect the
viscoelastic mechanical properties of these cells (13).

The mechanisms through which ionic and
osmotic changes modulate the chondrocyte behavior
are little known. Arg-vasopressin (VP) was found
to be a stimulator of chondrocyte proliferation (14),
while ANP was able to induce the synthesis of iNOS
mRNA in human chondrocytes. Indeed, VP and
ANP are known to be involved in the regulation of
extracellular fluids and often co-exist in many organs
playing antagonist roles.

This study first demonstrates that ANP
immunoreactivity is present in human articular

cartilage of the femoral head. The present results
show that the whole superficial layer of the articular
cartilage, including chondrocytes and extracelluar
matrix, is strongly ANP-immunoreactive and that
immunoreactive chondrocytes are localized in the
middle and deep zone.

It has been widely demonstrated that ANP is
involved in body fluid homeostasis and regulates
the composition and metabolism of the secretive
fluids, such as saliva (8, 9) and nasal mucus (5). We
suggest that the presence of ANP in the articular
cartilage could be correlated to its regulating role in
the composition of extracellular fluids through the
transport of ions and water from the cartilage to the
synovial fluid and vice versa. Moreover, the presence
of ANP could be involved in the modification of
the permeability of the extracellular matrix, in the
turn-over of the interstitial fluid and in the balance
between the solid and liquid phases. Therefore, ANP
could be capable of modifying both the electrolytic
composition and concentration of articular cartilage
and, consequently, to modulate its mechanical
strength.

Since the articular cartilage is submitted to high
working load, it may progressively degenerate and
give rise to chronic degenerative joint disorders, such
as osteoarthritis, characterized by the expression
of extracellular matrix-degrading enzymes such as
MMP-2 and MMP-9/gelatinases (15), it is possible
that ANP could have an important role in both the
prevention and treatment of these disorders. In
this context, extrapolating the present findings, it
is conceivable that ANP, and perhaps VP, may be
involved in joint swelling and vasogenic edema and
hydrarthrosis associated with synovial inflammation.
Additional experiments are needed to determine
whether the expression of these peptides may be
altered in synovitis.
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Smoke contains oxidants such as oxygen-free radicals which are probably the major cause of damage
to biomolecules. A decrease of salivary antioxidant enzymes was detected in habitual smokers. However,
the effects of cigarette smoke on salivary antioxidant enzymes may persist after withdrawal from
smoking. The objective of this study was to assess salivary superoxide dismutase (SOD) and glutathione
peroxidase (GSH-Px) activity in ex-smokers in comparison with that of subjects who had never smoked.
The test group included 25 ex-smokers (13 males and 12 females; mean age: 48+8 years) who had given
up smoking for at least one year but for no more than 2 years, and a control group consisting of 25
subjects (14 males and 11 females; mean age: 50+£12 years) who had never smoked. Salivary samples
were collected and SOD and GSH-Px activity was measured. Student’s z-test was used to evaluate
differences between groups and significant differences were observed for p < 0.05. A significant decrease
(p< 0.05) of GSH-Px (14.5£2 ) was observed in the test group compared to the control group (30+4).
However, SOD was very similar in the two groups: 0.9+0.3 in the test group and 0.8+0.3 in the controls
and no significant difference was detected (p> 0.05). Detoxification of hydrogen peroxide by the GSH-
Px was altered even after withdrawal from smoking, while the production of hydrogen peroxide, that is
mediated by SOD, was not modified.

Smoke consists of two states: the first is gas,
and the second is aerosol. There are over four
thousand chemicals in these fractions, including
nicotine, carbon monoxide, tar (mixture of several
substances, including nitrogen, oxygen, hydrogen,
carbon dioxide, carbon monoxide, some polycyclic
aromatic hydrocarbons, such as benzopyrene and
dibenzantracene, and a wide range of volatile

compounds) (1) .

Cigarette smoking is responsible for an extremely
high proportion of deaths and chronic diseases in the
western world, including coronary heart disease,
emphysema, bronchitis and lung cancer (2-3).

Furthermore, smoking has various harmful
effects on oral health including precancerous lesions
and mouth cancer (4). Saliva is the first biological
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fluid which comes into contact with inhaled cigarette
smoke and has a highly protective function against
deleterious agents such as microorganisms, toxins,
and various oxidants (5) .

Smoke contains oxidants such as oxygen-free
radicals and volatile aldehydes, which are probably
the major cause of damage to biomolecules exposed
to cigarette smoke (6). Free radicals are molecules
or fragments of molecules characterized by the
presence of an unpaired electron. (7) Therefore, they
are highly reactive molecules, for their tendency
to recover the doublet electronic link (8). At low
concentrations, they function in physiological cell
processes, but at high concentrations, they produce
adverse modifications to cell components, such as
proteins and DNA (9).

The human body has an antioxidant defense system
able to counter the toxic activities of radical species.
This system is formed by antioxidant enzymes such
as superoxide dismutase, glutathione peroxidase
and catalase, and non-enzymatic antioxidants like
vitamins C and E, carotenoids, tiolic antioxidants
including lipoic acid, glutathione and tioredoxine,
flavonoids, and melatonin (10.)

The shift in balance between oxidant and
antioxidant in favor of oxidants is called “oxidative
stress” and may contribute to several pathological
conditions such as periodontal disease and oral
cancer (11).

It was observed that some salivary antioxidant
enzymes were significantly lower in smokers than in
non-smokers (12). However, the effects of cigarette
smoke on salivary antioxidant enzymes may persist
after withdrawal from smoking.

The objective of this study was to assess
salivary superoxide dismutase (SOD) and glutathione
peroxidase (GSH-Px) level in ex-smokers in
comparison with that of subjects who had never
smoked.

MATERIALS AND METHODS

Study population

In the present study, 50 healthy subjects were enrolled
at the University Department of Odontostomatological
Sciences. The aim of the study was explained to the patients
and written consent was obtained after confirmation that
they fully understood the survey. All procedures were
conducted according to the principles expressed in the

Declaration of Helsinki; this study was approved by the
Ethics Committee. All recruited patients fulfilled the
following criteria for participation in this study: absence
of systemic disease and oral diseases, absence of metal
or metal-ceramic crowns and fixed metal ceramic bridge
prostheses, because of the possible release of metal ions
into saliva.

The test group included 25 ex-smokers (13 males and
12 females; mean age: 4848 years) who had given up
smoking for at least 1 year but for no more than 2 years.
These subjects were previously heavy smokers (they
smoked at least 20 cigarettes per day).

The control group consisted of 25 subjects (14 males
and 11 females; mean age: 50+12 years) who had never
smoked in their entire life and were not exposed to passive
smoke.

Salivary analysis

The saliva collection was performed by the same
researcher and for each patient 3 cc of non-stimulated
saliva was collected inside a test tube. We collected
unstimulated whole saliva in order to minimize problems
that may originate due to differences in the composition
of saliva from the various salivary glands or as a result of
changes that may occur with stimulation. Presence of oral
injuries, oral diseases and blood contamination in saliva
was excluded before collecting the salivary samples.

Sample collection was carried out at standardized times
(at 9 A.M.) as salivary components have been observed to
have independent diurnal rhythms (13). The samples were
placed on ice, immediately after collection and then were
centrifuged in the clinical analysis laboratory (14).

Enzyme activity was measured according to a specific
assay: glutathione peroxidase enzyme activity was
determined with test reagents of Randox RANSEL, while
superoxide dismutase activity was measured by using the
RANSOD kit.

Statistical analysis

Statistical package SPSS 15.0 was used for statistical
analysis. Mean and standard deviation (SD) of superoxide
dismutase and glutathione peroxidase activity were
measured in the test and in the control groups. The
student’s #-test was used to evaluate differences between
groups and significant differences were observed for p <
0.05.

RESULTS
The results of the present study showed a

significant decrease of glutathione peroxidase
enzyme activity in the test group of ex-smokers
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compared to the control group (Table I).

In fact, in the test group the GSH-Px activity
mean value was 14.5+2 while in the control group
it was 30+4 and a significant difference of GSH-Px
activity between the ex-smokers and persons who
had never smoked was detected (p< 0.05). However,
the superoxide dismutase activity was very similar in
the two groups: 0.9+0.3 in the test group and 0.8+0.3
in the controls.

No significant difference of SOD activity was
observed between the ex-smokers and the subjects
who had never smoked (p> 0.05).

We next studied whether the enzyme activity
differed according to sex. The GHS-Px activity in
the test group did not show significant difference
(p> 0.05) between males (14.4+£3) and females
(14.741.9). Furthermore, the mean values of GSH-
Px in the males (29.9£3.4) and in the females
(30.1+4.9) of the control group were very similar and

no significant difference between the two subgroups
was observed (p> 0.05) (Table II).

The salivary samples collected from the test
group did not show a significant difference of the
SOD activity between males (1+0.3) and females
(0.8+0.2) (p> 0.05).

Also in the control group, no significant
difference of SOD (p> 0.05) was detected between
males (0.9+0.4) and females (0.7+0.2) (Table III).

DISCUSSION

Cigarette smoke is the major source of toxic
materials, including oxygen free radicals, reactive
species, that cause serious systemic damage and oral
diseases such as oral carcinoma (3-4). However, the
human body has defence systems against radicals,
the so-called antioxidizing systems, which include
enzymes such as glutathione peroxidase and

Table 1. Evaluation of GSH-Px and SOD activity in both groups.

SALIVARY ENZYME TEST GROUP CONTROL GROUP P VALUE
GSH-Px 145+2 30+4 <0.05
SOD 0.9+03 0.8+0.3 N.S.

N.S: not significant

Table I1. Comparison of salivary GHS-Px activity between males and females of the two groups.

GSH-PX MALES FEMALES P VALUE
TEST 14.443 14.7+1.9 N.S.
CONTROLS 29.9+3.4 30.1+4.9 N.S.
N.S: not significant
Table II1. Comparison of salivary SOD activity between males and females of the two groups.
SOD MALES FEMALES P VALUE
TEST 1+0.3 0.8+£0.2 N.S.
CONTROLS 09+04 0.7+£0.2 N.S.

N.S: not significant
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superoxide dismutase, which are found within the
blood cells, in the plasma and in the saliva (15).

Oxidative stress occurs when the balance between
antioxidants and reactive oxygen species (ROS) are
disrupted, because of either depletion of antioxidants
or accumulation of ROS. When oxidative stress
occurs, cells attempt to counteract the oxidant
effects and restore the redox balance by activation
or silencing of genes encoding defensive enzymes,
transcription factors, and structural proteins (16).

Most of the studies that have investigated
the relationship between cigarette smoke and
antioxidizing enzymes have focused on samples of
plasma, red blood cells and white blood corpuscles,
and agree in showing that cigarette smoke causes an
alteration of antioxidant enzymes (17-18).

Recently, however, the antioxidizing enzyme
system present in the saliva has attracted the attention of
many researchers, since this is a very important defence
mechanism for the oral cavity, especially against attack
by free radicals due to cigarette smoke (19).

In some studies it was found that the mean levels
of salivary superoxide dismutase and glutathione
peroxidase were significantly lower in smokers than
in non-smokers (20-21). In other studies a significant
decrease was found of GHS-Px in smoking patients
in comparison to non-smoking subjects but a
significantly higher SOD level in non-smokers in
comparison to the smokers. To explain this result,
the authors suggested that the increased activity of
superoxide dismutase acts as a defence system against
oxidative stress generated during inflammation and
this causes an overproduction of H,O, (22-23). In the
present study we found that the effects of cigarette
smoke on salivary GSH-Px are still evident even
after withdrawal from smoking. Thus, cigarette
smoke may alter the detoxification of hydrogen
peroxide by the GSH-Px even in ex-smokers (16).
The GSH-Px catalyzes the reduction of hydrogen
peroxide in the presence of glutathione; during the
detoxification of H202 by GSH-Px, there is an
increase in the consumption of reduced glutathione,
which could therefore no longer be sufficient for the
detoxification of the H,O, in excess. H,O, cannot
be converted into water and the overproduction of
H,0O, leads to an oxidative stress that is involved in
a large number of diseases, such as cardiovascular
diseases and neoplastic lesions (20-21). However,

it is important to consider that the GHS-Px levels
measured in previous studies in habitual smokers are
lower than the levels measured in the ex- smokers
of this study (24). This means that the effects of
cigarette smoke on salivary antioxidant enzymes
slightly decrease after withdrawal from smoking and
maybe the benefits become more evident with the
passage of time.

The main limitation of this study was the limited
number of samples analyzed; for this reason, further
studies are needed in order to increase the number
of patients involved in the survey. According to
the results found in this study, the level of activity
of GSH-Px was significantly lower in the saliva of
ex-smokers compared to non-smokers. Instead, no
significant difference of SOD activity was observed
between ex-smokers and non-smokers and no
significant differences were observed between males
and females of the two groups. It was observed that
detoxification of hydrogen peroxide by the GSH-
Px is altered even after withdrawal from smoking,
while the production of hydrogen peroxide that
is mediated by SOD is not modified. Moreover,
a decrease of salivary antioxidants may lead to an
oxidative stress that is involved in a large number
of diseases, including precancerous and neoplastic
lesions of the oral cavity.
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Dolphin Morbillivirus (DMYV), Toxoplasma gondii and Brucella ceti are pathogens of major concern
for wild cetaceans. Although a more or less severe encephalitis/meningo-encephalitis may occur in
striped dolphins (Stenella coeruleoalba) and bottlenose dolphins (Tursiops truncatus) infected by the
aforementioned agents, almost no information is available on the neuropathogenesis of brain lesions,
including the neuronal and non-neuronal cells targeted during infection, along with the mechanisms
underlying neurodegeneration. We analyzed 5-lipoxygenase (5-LOX) expression in the brain of 11 striped
dolphins and 5 bottlenose dolphins, affected or not by encephalitic lesions of various degrees associated
with DMV, T. gondii and B. ceti. All the 8 striped dolphins with encephalitis showed a more consistent
5-LOX expression than that observed in the 3 striped dolphins showing no morphologic evidence of
brain lesions, with the most prominent band intensity being detected in a B. cefi-infected animal. Similar
results were not obtained in 7. gondii-infected vs 1. gondii-uninfected bottlenose dolphins. Overall, the
higher 5-LOX expression found in the brain of the 8 striped dolphins with infectious neuroinflammation
is of interest, given that 5-LOX is a putative marker for neurodegeneration in human patients and in
experimental animal models. Therefore, further investigation on this challenging issue is also needed in
stranded cetaceans affected by central neuropathies.
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Fig. 1. Striped dolphin (Stenella coeruleoalba). Brain. Brucella ceti infection (animal corresponding to WB lane 4 in Fig.
2). A prominent leptomeningeal, non-purulent inflammatory infiltrate is clearly shown. Haematoxylin and eosin (H&E)
stain (20x objective; final magnification x 250).
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Fig. 2. Western blot analysis of 5-LOX in brain tissue homogenates from striped dolphins (S. coeruleoalba). GAPDH
was used as protein loading control. A greater intensity of 5-LOX bands is present in all the 8 animals affected by central
infectious neuropathies (with special emphasis on the B. ceti-infected dolphin, lane 4), compared to the 3 unaffected
control dolphins under study (lanes 1, 3, 10). The 5-LOX/GAPDH ratio is shown in the two histograms below, with a
statistically significant difference (* P <0.05) existing between the pathological and the control samples.
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Fig. 3. Bottlenose dolphin (Tursiops truncatus). Brain Toxoplasma gondii infection. (animal corresponding to WB lane
2 in Fig. 4). A mature protozoan cyst is shown (arrow), with no evidence of inflammatory reaction being observed in the
surrounding cerebral parenchyma. H&E stain (40x objective; final magnification x 500).
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Fig. 4. Western blot analysis of 5-LOX in brain tissue homogenates from bottlenose dolphins (T. truncatus). Differently
from striped dolphins, no significant differences were found between T. gondii-infected (lanes 2, 4) and T. gondii-uninfected
animals (lanes 1, 3, 5), as shown in the two histograms below. This likely represents the consequence of the much milder
brain lesions seen in T. gondii-infected bottlenose dolphins, in comparison to T. gondii-infected striped dolphins.
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Dolphin  Morbillivirus (DMYV), Toxoplasma
gondii and Brucella ceti are regarded as pathogens of
major concern for both free-ranging striped dolphins
(Stenella coeruleoalba) and bottlenose dolphins
(Tursiops truncatus) (1). Although a more or less
severe encephalitis/meningo-encephalitis is known
to occur in striped dolphins and, to a lesser degree, in
bottlenose dolphins infected by the aforementioned
agents, very little information is available on the
neuropathogenesis of brain lesions, including the
neuronal and non-neuronal cells targeted during
infection and the molecular mechanisms leading to
neurodegeneration (2, 3).

With this in mind, we investigated by Western
blot (WB) the expression of 5-lipoxygenase (5-LOX)
- a key-enzyme in the pathogenesis of mammalian
infections, such as porcine enzootic pneumonia and
pleuropneumonia (4), and equine cyathostominosis
(5) - in the brain tissue from 11 striped dolphins and
5 bottlenose dolphins, with 3 of the striped dolphins
(corresponding to WB lanes 1, 3 and 10 in Fig. 2) and
3 of the bottlenose dolphins (corresponding to WB
lanes 1, 3 and 5 in Fig. 4) under study showing no
morphologic evidence of central neuroinflammation.
The remaining 8 striped dolphins and 2 additional
bottlenose dolphins exhibited encephalitic/meningo-
encephalitic lesions of various extension and degree,
ranging from focal to multifocal as well as from mild
to severe, associated with DMV (1 striped dolphin,
corresponding to WB lane 8 in Fig. 2), T. gondii
(5 striped dolphins, corresponding to WB lanes
2,5,6,7 and 11 in Fig. 2, along with 2 bottlenose
dolphins, corresponding to WB lanes 2 and 4 in
Fig. 4, respectively) and B. ceti (1 striped dolphin,
corresponding to WB lane 4 in Fig. 2) infection, as
well as with DMV-T. gondii coinfection (1 striped
dolphin, corresponding to WB lane 9 in Fig. 2).

For WB analysis, total cell lysates were prepared
by homogenizing 0.3 g of brain tissue from all
dolphins in T-PER lysis buffer (PIERCE, Rockford,
11, USA) containing 1% NP-40 detergent solution,
5% glycerol, ImM EDTA and 0.1% protease
inhibitor cocktail (Sigma-Aldrich, Milan, Italy).
Samples were sonicated and then centrifuged at
5,000 rpm for 30 min at 4°C. Protein concentrations
were measured by the Bradford method. Equal
amounts of total extracts (70 pg of protein) were
electrophoresed on 9% acrylamide gels and

transferred to PVDF membranes (Amersham
Biosciences, Psicataway, NJ, USA). Membranes
were saturated with a blocking solution of 5% non-fat
dry milk and subsequently incubated with a purified
mouse anti-5-LOX monoclonal antibody (MoAb)
(1:1,000 in blocking solution; BD Biosciences, San
Jose, Ca, USA) and a rabbit anti-GAPDH MoAb
(1:5,000 in blocking solution; Cell Signaling,
Danvers, Ma, USA). GAPDH was used to normalize
samples. Finally, membranes were incubated with
the following, horseradish peroxidase-conjugated,
secondary Abs: anti-mouse Ab for 5-LOX (1:10,000
in blocking solution; Santa Cruz Biotechnology Inc.,
Ca, USA) and anti-rabbit Ab for GAPDH (1:2,000 in
blocking solution; Santa Cruz Biotechnology Inc.).
The antigen-antibody complex was detected by
enhanced chemiluminescence reagents (Amersham
Biosciences), with the intensities of immunoreactive
bands being subsequently quantified by densitometric
analysis through the Image] software (NIH,
Bethesda, Maryland, USA). Data were expressed
as mean = SEM of 16 experiments. To determine
statistical significance, Student’s t-test was used for
comparing the pathological and the control brain
samples. P values less than or equal to 0.05 were
considered to be statistically significant.

All the 8 striped dolphins affected by encephalitis/
meningo-encephalitis (Fig. 1) showed an intensity
of 5-LOX WB bands which was more pronounced
than that observed in the 3 dolphins without any
morphologic evidence of neuroinflammation, with a
statistically significant difference (P <0.05) existing
between the pathological and the control samples
and with the most prominent band intensity being
detected in the B. ceti-infected animal (Fig. 2), which
showed a severe meningitis. The same was not true
for T. gondii-infected (Fig. 3) as compared to T.
gondii-uninfected bottlenose dolphins, 1 of which
had the most consistent 5-LOX band intensity (Fig.
4). Malacic areas, associated or not with cholesterol
clefts, were seen scattered throughout this animal’s
brain (data not shown).

Based upon the results presented herein, the
finding related to a higher expression of 5-LOX
enzyme in the brain tissue of the 8 striped dolphins
affected by infectious encephalitis/meningo-
encephalitis appears to be of interest. In this respect,
the positive correlation observed between the brain
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inflammation’s intensity and the expression levels of
5-LOX, as distinctly shown by the B. ceti-infected
animal, which had a severe meningitis associated
with the most prominent band intensity among the
8 striped dolphins under study, could be explained
by a pathogen-driven, increased production of a
set of cytokines playing a crucial role in host’s
anti-microbial immune response. Nevertheless,
cell-mediated immune response to infectious
agents needs to be properly controlled, in order to
avoid damage to body tissues. Cytokines, such as
interleukin (IL)-12, interferon (IFN)-gamma and
tumour necrosis factor (TNF), albeit critical for
host’s resistance to a huge number of intracellular
pathogens, may become harmful when expressed
in an uncontrolled fashion (6). This is clearly
exemplified, among others, by experimental models
of T. gondii infection, in which IL-12-dependent
production of IFN-gamma in immunocompetent
mice is of key relevance for the control of both
acute and chronic infection. Furthermore, prominent
tissue damage associated with overproduction of the
aforementioned proinflammatory cytokines has been
observed in IL-10-deficient mice, in a similar manner
to what reported in 5-LOX-deficient mice exposed to
T. gondii, which, differently from 7. gondii-infected
wild-type mice, develop a lethal and severe form of
encephalitis (7). While this information about the
host’s immune response to experimental 7. gondii
infection in mice is of concern, it is also of interest
that, in the 8 encephalitis/meningo-encephalitis-
affected striped dolphins investigated herein,
we found a positive and statistically significant
correlation between the occurrence of inflammatory
lesions and the expression levels of 5-LOX, with
an apparent correlation likely existing between the
intensity of neuroinflammation and the densitometry
values of the 5-LOX WB bands observed in the
brain parenchyma of these animals. This appears
to be true also for the 5 T. gondii-infected striped
dolphins under study; a plausible explanation for
such striking differences between the murine (7)
and the natural model of 7. gondii infection in the
above cetaceans is missing. On the other hand, we
believe it is of additional interest that the results
obtained in our striped dolphins were not paralleled
by a simultaneous increase of 5-LOX expression in
the brain from 7. gondii-infected in comparison to

T gondii-uninfected bottlenose dolphins. This most
likely reflects the mutual host-parasite adaptation/
coevolution existing in the bottlenose dolphin, a
“coastal” species frequently exposed to 7. gondii, as
compared to the striped dolphin, a “pelagic” species
much less commonly encountering such protozoan
agent (8).

Notwithstanding the above, it should be
emphasized that, albeit original, the results reported
in the present work do not allow us to draw any
definitive conclusion, which is mainly due to the
limited number of brain lesion-affected and control
animals included in our study.

Therefore, since 5-LOX - besides its crucial role
in the pathogenesis of mammalian infections (4,
5) - is being increasingly regarded as a promising
biomarker for neurodegeneration both in human
patients (9) and in experimental animal models (10),
further investigation on this challenging issue is also
warranted in stranded cetaceans affected by central
neuropathies.
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Abundant evidence suggests that growth factors, contained in platelets alpha granules, may play a
key role in the early stages of the muscle healing process with particular regard to the inflammatory
phase. Although the contents of the platelet-rich plasma preparations have been extensively studied, the
biological mechanisms involved as well as the systemic effects and the related potential doping implications
of this approach are still largely unknown. The aim of the present study was to investigate whether local
platelet-rich plasma administration may modify the levels of specific cytokines and growth factors both
in treated muscle and bloodstream in rats. An additional aim was to investigate more deeply whether the
local platelet-rich plasma administration may exert systemic effects by analyzing contralateral lesioned
but untreated muscles. The results showed that platelet-rich plasma treatment induced a modification
of certain cytokines and growth factor levels in muscle but not in the bloodstream, suggesting that
local platelet-rich plasma treatment influenced directly or, more plausibly, indirectly the synthesis or
recruitment of cytokines and growth factors at the site of injury. Moreover, the observed modifications
of cytokine and growth factor levels in contralateral injured but not treated muscles, strongly suggested

a systemic effect of locally injected platelet-rich plasma.

The repair response of musculoskeletal tissue
generally starts with the formation of a blood clot
and the following degranulation of platelets, which
release locally growth factors (GFs) and cytokines
(1). This microenvironment results in chemotaxis
of inflammatory cells as well as activation and
proliferation of local progenitor cells. Alpha granules
are storage units within platelets, which contain pre-
packaged GFsinaninactive form. Abundant evidence
suggest that GFs, contained in platelet alpha granules,
may play a key role in the early stages of the healing
process with particular regard to the inflammatory

phase being able to modulate the recruitment,
duplication, activation and differentiation of the cells
involved in the healing process (2-6). The efficacy of
those GFs should be, in theory, directly proportional
to their local concentration. This hypothesis is at
the base of the use of platelet-rich plasma (PRP) in
several circumstances, all of them characterized by
the need of activating, modulating, speeding up or
ameliorating the process of tissue repair.

With regard to sport medicine, doping related
issues are still a matter of debate when considering
this therapeutic approach for the treatment of sport-
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related injuries, in particular because of the Insulin-
like growth factor-1 (IGF-1) content in the platelet
alpha granules as well as the blood manipulation
procedures. With particular regard to the muscle
injection of platelet-derived GFs, several issues still
need to be clarified. Assuming that this procedure,
as has been demonstrated by several studies, is able
to ameliorate the muscle tissue repair processes, it is
still unclear whether the locally injected concentrated
amount of GFs may exert systemic effects. Indeed,
although the contents of the PRP preparations
themselves have been extensively studied (7-12), the
biological mechanisms involved in treatment with
PRP as well as its systemic effect with the related
potential doping implications are largely unknown.
In this regard, it has to be underlined that the World
Anti-Doping Agency (WADA) prohibited the use
of intramuscular injection of PRP in the 2010 list
(13), then allowed its use in the 2012 list (14). This
modification was introduced despite the suggested
systemic effect of locally injected GFs described
by some authors (7, 15). Banfi et al. measured the
levels of some cytokines and GFs in the serum
obtained from five male subjects 30 minutes, three
hours and 24 hours after the treatment with PRP
in order to evaluate the eventual systemic effect of
this local injection. The authors reported significant
modifications of Vascular Endothelial Growth
Factor (VEGF), Epidermal Growth Factor (EGF)
and Chemokine (C-C motif) Ligand 2 (CCL2)
levels 30 minutes after the treatment, followed by a
gradual return near to basal values 24 hours after the
injection (15). Wasterlain et al. measured the levels
of some GFs in the serum obtained from 25 subjects
treated with leukocyte-rich PRP (LR-PRP). The
authors reported significant increases of Insulin-like
Growth Factor 1 (IGF-1), basic Fibroblast Growth
Factor (bFGF) and VEGF levels following the local
PRP injection (7).

With the exception of these two studies, the
possible systemic effect of locally injected PRP is
largely unknown. Conceivably, the systemic effect
should be studied observing whether the treatment
with PRP is able to modify the healing process in
contralateral, but untreated with PRP, injured muscle,
as suggested by Borrione et al. in a recent study (2).

The aim of the present study was to investigate
whether the local PRP administration may modify

the levels of specific cytokines and GFs both in
treated muscle and bloodstream. The hypothesis at
the base of this speculation was that the injection of
cytokines and GFs naturally present in platelets and
included in the WADA prohibited list could generate
an increase of normal function, strength and capacity
in non-injured muscles if a systemic effect is actually
present.

MATERIALS AND METHODS

Animals and surgery

Adult male Wistar rats (n=60), 8-9 weeks old,
weighing approximately 250 g, were used. Twenty-
seven animals were sacrificed 2 days after surgery: seven
rats were subjected to muscle injury on the right flexor
muscles and immediately treated with PRP (treated group:
TR); eight animals, used as controls, were subjected to
the same muscle injury and left untreated (untreated
group: UT); seven rats were subjected to muscle injury
in both anterior limbs: the right limb was treated with
PRP while the injury on the left limb remained untreated
(contralateral group: CL). Five rats, left untreated and
uninjured, were used as controls (C). Twenty-five animals
were sacrificed 5 days after surgery (seven treated, seven
untreated, six contralaterals and five controls). Eight
animals were analyzed 30 days after surgery (two treated,
two untreated, two contralaterals and two controls).

The animals were kept in cages in a room with
controlled temperature and humidity, with light/dark
cycle of 12/12h, and fed with food and water ad libitum.
Animals underwent surgery under general anesthesia by
intramuscular injection of tiletamine + zolazepam (Zoletil)
3mg/kg. The decision to treat all animals with Finadyne
administered at a dose of 2.5 mg/kg/12h, independently of
the presence of signs of suffering, was determined by the
intention of obtaining the same condition in the different
experimental settings since the use of anti-inflammatory
drugs may affect both the healing process and the first
inflammatory response (16). The surgical procedures were
performed with the aid of a surgical microscope (Zeiss
OPMI7, Jena, Germany). A longitudinal incision was
performed on the right leg (or both legs) from the knee
region to the ankle in order to access the flexor sublimis
muscles of the upper joint of the digits. The muscle was
then injured transversely and medially using a scalpel. The
wedge-shaped lesion had a length of approximately 3 mm,
a width of 2 mm and a depth of 3 mm. After the incision,
the injury sites of the treated animals were immediately
filled with PRP. The flexor muscles were withdrawn after
2, 5 or 30 days and analyzed. Animals were monitored
daily to assess their state of wellbeing, to prevent self-
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mutilation, skin ulcers, muscle contractures and suffering.
All procedures were carried out in accordance with the
Local Ethics Committee and the European Communities
Council Directive of 24 November 1986 (86/609/EEC).
All procedures were approved by the local Animal Care
Committee and supervised by a veterinary physician.

Blood collection and PRP preparation

Blood was collected by intracardiac drawing. Briefly
the needle (21G) was inserted at the base of the sternum
at a 20° angle just lateral of the midline; 3-3.5 ml of blood
were slowly aspirated in a syringe containing 1 ml of 3.8%
sodium citrate as anticoagulant in order to avoid platelet
activation and subsequent degranulation. Blood was then
transferred in sterile tubes containing sodium citrate and
underwent a first centrifugation at 220 g for 15 min.
The top layer plasma was transferred, in another sterile
tube without anticoagulant. To objectively determine the
number of platelets and investigate the presence of other
cells, before proceeding with the second centrifugation, a
complete blood count was performed using a cell counter
ADVIA 2021 (Bayer, Leverkusen, Germany) on a small
amount of the plasma layer obtained after the first spin
centrifugation (platelets content: 361.43+32.48 x10%/ul;
white blood cells content: 0.01£0.082 x10%/pL). A second
centrifugation at 1270 g for 5 min allowed the platelets to
fall to the bottom of the tube. Most of the acellular plasma
was removed and discarded. The pellet was re-suspended
in 100 pL of plasma to obtain a concentration 4 times
greater than the initial condition. This platelet-enriched
preparation was activated with 20 pL of 10% calcium
chloride (Braun, Melsungen, Germany, 1000 IE / ml
CaCl2-2SG) at room temperature, and after jellification
was immediately inserted using tweezers into the injured
muscle of the same animals from which the blood had
been drawn. The wound was then sutured and washed
with saline solution (17-18).

Cytokines and growth factors

Blood samples were collected before surgery and
animal sacrifice. Muscle samples (200-300 mg) were lysed
in RIPA buffer (25 mmol/L Tris-HCI pH 7.6, 150 mmol/L
NaCl, 1% NP-40, 1% sodium deoxycholate, and 0.1%
SDS; Sigma Aldrich) supplemented with Halt™Protease
Inhibitor Cocktail (Sigma Aldrich). Plasma and muscle
tissue samples were analyzed by Milliplex plus kit
(Millipore, Billerica, Massachusetts, USA) to quantify the
levels of the following 10 molecules: Granulocyte-colony
stimulating factor (G-CSF), Granulocyte-macrophage
colony-stimulating factor (GM-CSF), Epidermal growth
factor (EGF), Tumor necrosis factor alpha (TNF-a),
Interleukin 1 alpha (IL1-a), Interleukin 4 (IL-4),
Interleukin 5 (IL-5), Interleukin 6 (IL-6), Interleukin 10

(IL-10), Interleukin 13 (IL-13).

Statistical analysis

Cytokines and growth factors data were analyzed by
two-way ANOVA analysis. Multiple comparisons were
further performed with Bonferroni‘s post hoc test. The
effects of the time for each cytokine and growth factor
in each experimental condition were analyzed by one-
way ANOVA. Differences were considered statistically
significant when p-value < 0.05. All data are presented
as mean = SD. The small variation of the number of
rats in the 2 day group and the 5 day group depended
on accidental deaths, probably caused by intracardiac
drawing or anesthesia.

RESULTS

Cytokines and growth factors analysis

In blood samples, the levels of all the
investigated molecules remained unmodified in all
the experimental conditions as well as in all the time
points considered (data not shown).

IL-4,IL-6, IL-10, IL-1a, TNF-0 and EGF showed
significant modifications in treated and contralateral
muscle samples. On the contrary, G-CSF, GM-CSF,
IL-5 and IL-13 showed no modifications when
compared to basal values.

IL-4

At day 2, TR, CL and UT showed lower values
in comparison to C. The reduction was statistically
significant only in TR (Table I). At days 5 and 30, TR
showed a significant increase of IL-4 levels when
compared to C and UT (Table I) while cytokine
values in CL and UT remained lower in comparison
to C. The increase in time of IL-4 levels in TR was
statistically significant (p<0.05, one way-ANOVA).

The evaluation of data was supported by two-way
ANOVA analysis that revealed significant effects for
interaction (F=5.975; p<0.001), treatment (F=7.346;
p<0.001) and time (F=8.064; p<0.001).

1L-10

Two days after surgery, IL-10 showed a significant
peak in TR (Table I). The cytokine in CL showed a
behavior similar to that observed in TR with higher
values when compared to C, but the difference was
not statistically significant. At 2 days, TR and CL
values were higher in comparison to UT, whereas UT
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Table 1. Cytokines and growth factors in muscles at 2, 5 and 30 days after surgery.

IL-4 2 days 5 days 30 days 1L-10 2 days S days 30 days
C 4.05+0.95 4.13+£0.33 3.96+1.7 C 0.63+0.34 0.64+0.34 0.60+0.23
UT | 230+061% 3.41=0.72 3294133 | UT | 0.06+0.05% 0.02+0.01 0.300.03
TR 1.7740.45% | 6.24+1.92%# | 7.06+2.78%## | TR 1.09+0.4]1**## 0.46+0.21 0.61+0.04
CL 3.45+0.61% 3.63+0.91] 2.78+0.82 CL 0.93+0.26%## 0.16+0.08* 0.29+0.17
IL-1a 2 days 5 days 30 days IL-6 2 days S days 30 days
C 0.96+0.21 0.74+0.24 1.2040.20 C 6.08+2.17 6.07+£3.1 5.99+£1.9
uT 0.14+0.08 0.23+£0.08 1.3240.06 uT 17.5344.61 1.59+0.53 0.85+0.5
TR | 6.66£1.33%*## | 3.41+0.51%*%## | 1.27+£0.07 TR | 327.02+£40.9%*## | 165.22+65. 11*%*# | 0.69+£0.43
CL 1.32+0.54 0.94+0.38 1.05£0.18 CL | 298.51+6.4%*# 1.55+0.93** 0.47+0.39
TNF- « 2 days 5 days 30 days EGF 2 days 5 days 30 days
C 0.11+0.03 0.10+0.03 0.12+0.02 C 1.66+0.05 1.66+0.07 1.65+0.06
uT 0.03+£0.01* 0.09+0.03 0.02+0.02% uT 1.19+0.12%%* 1.14+£0.18%* 0.88+0.07**
TR 0.13£0.03# [ 03120.10%*4# | 0.02+0.02* TR | 0.7320.08%*## 0.86+0.11%* 1.1620.11%*
CL 0.09+0.05 0.14=£0.08 0.06x0.02 CL 0.79+0.13**## 0.9440.12%* 0.75£0.06%*

C: control group, UT: untreated group, TR: treated group; CL: contralateral group. Multiple comparison Bonferroni's
test: * p<0.05 vs C; ** p<0.01 vs C; # p<0.05 vs UT;: ## p<0.01 vs UT

showed lower values when compared to C (Table I).

At day 5, IL-10 levels in TR and CL decreased,
showing values lower than C (significant difference
in CL). UT continued to show values lower than C
(Table I).

Interestingly, IL-10 showed a trend, even if not
statistically significant, toward a progressive increase
in TR, CL and UT from day 5 to day 30 after surgery.
Two-way ANOVA analysis showed significant
effects for interaction (F=5.618; p<0.001), treatment
(F=20.39; p<0.0001) and time (F=13.14; p<0.0001).
IL-1a

IL-1a showed a significant peak level at day 2 in

TR in comparison to all the other groups. UT showed
values lower than C while CL revealed values similar
to C (Table I).

At 5 days after surgery, IL-1a levels decreased
in TR maintaining otherwise higher values when
compared to all the other groups (Table I).

At day 30 IL-la values in TR reached the
values found in C. The decrease of IL-la values
from day 2 to day 30 was statistically significant
(p<0.05, one way-ANOVA). Two-way ANOVA
analysis confirmed significant effects for interaction
(F=49.17; p<0.001), treatment (F=146.0; p<0.0001)
and time (F=30.40; p<0.0001).
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IL-6

IL-6 showed a significant peak in TR and CL
at day 2 when compared to C and UT respectively
(Table I). IL-6 values in UT did not differ from those
observed in C.

At day 5, the values in TR remained higher than
in C and UT (Table I).

At 30 days after surgery, the cytokine values in
TR decreased, showing values similar to all the other
groups. The IL-6 decrease in TR and CL from day 2
to day 30 was statistically significant (p<0.05, one
way-ANOVA). The evaluation of data was supported
by two-way ANOVA analysis that showed significant
effects for interaction (F=95.24; p<0.001), treatment
(F=179.2; p<0.0001) and time (F=277.0; p<0.0001).

At day 2, TNF-a showed UT levels lower than in
C (p<0.05). At day 5 TNF-o in TR was characterized
by a significant peak level when compared to the
other experimental groups. At day 30, UT, TR and
CL presented values lower than in C (Table I). The
variations in time of the values of TNF-o in TR and
UT resulted significant (p<0.05, one way-ANOVA).
Two-way ANOVA analysis showed significant
effects for interaction (F=11.16; p<0.001), treatment
(F=14.72; p<0.0001) and time (F=29.07; p<0.0001).

EGF levels in all injured muscles were significantly
lower when compared to C values in all considered
time points. In particular, at day 2 TR, CL and UT
presented values lower than in C. UT levels were
higher than those observed in TR and CL (Table I).

At day 5, the values detected in all injured muscles
continued to remain lower than those observed in C
without significant differences among them. These
results were still present 30 days after surgery (Table I).

The comparison between EGF values in time in
TR and UT groups showed two different trends. The
UT values at day 30 were lower than those observed
at days 2 and 5 (p<0.01, one way-ANOVA). On the
contrary, EGF values in TR presented a progressive
increase in the same time interval (p<0.001, one way-
ANOVA). Two-way ANOVA analysis confirmed
significant effect for interaction (F=3.422; p<0.01),
treatment (F=51.74; p<0.0001) but not for the time.

DISCUSSION

The results of the present study showed that PRP
treatment induced a modification of certain cytokines

and GFs in muscle but not in the bloodstream,
suggesting that local PRP treatment influenced
directly or, more plausibly, indirectly the synthesis
or recruitment of cytokines and GFs in the site of
injury.

Since cytokines and GFs have a short half-life
(15), we can hypothesize that cytokines and GFs
present in the site of injury after 2, 5 and 30 days
from PRP application, were not directly derived
from PRP application (data confirmed by the absence
of relevant data in bloodstream). Conceivably,
the variation of cytokine and GF concentrations
observed in muscles resulted from biosynthetic
activity of other cells (e.g. macrophages/monocytes)
recruited in the site of injury.

Moreover, the observed modifications of cytokine
and GF levels in contralateral injured but not treated
muscles strongly suggested a systemic effect of
locally injected PRP. Indeed, several of the analyzed
molecules, namely IL-1a, IL-4, IL-6, IL-10, TNF-a
and EGF, showed a different behavior in the three
different experimental conditions: treated, untreated
and contralateral. In particular IL-1a, I1L-4, IL-6, IL-
10 and TNF-a showed a significant modification 2
and 5 days after PRP treatment.

The local increase of cytokines can be determined
by different factors. It is known that the muscle
healing process progresses through a constant
series of overlapping phases (degeneration and
inflammation, regeneration, remodelling) resulting
in the restoration of the anatomic continuity and
function (19). The first stage usually starts with
the formation of a blood clot followed by the
degranulation of platelets that release locally GFs
and cytokines. The following phases are controlled
by complex and dynamic molecular mechanisms
involving local and systemic factors interacting
with many different cell types recruited to the site of
injury from the surrounding tissues and/or circulation
(1). Generally, during the acute phase following a
muscle injury, polymorphonucleated leukocytes are
the most abundant cells present at the lesion site
(19-22) and they are replaced by monocytes within
the first days. Monocytes are then activated into
macrophages and involved in the proteolysis and
phagocytosis of the necrotic material (19, 23, 24).
Previous studies demonstrated that PRP treatment
increases the leukocyte infiltration in the injured
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muscle (2). Conceivably, the higher concentration of
macrophages in the muscles treated with PRP may
easily explain the observed increased concentration
of IL-1a in the treated group (25, 26). These data
were confirmed by a recent study carried out by our
group in which a significant increase was observed
of NF-kB-p65 at 2-day post-injury. On the contrary,
at 5-day post-injury, while in the PRP group the
level of NF-kB-p65 was still significantly higher
than in the C group, in the UT group the NF-xB-p65
protein returned to approximately the same level as
in the C group. The trend of NF-kB-p65 was directly
correlated to the IL-1a trend (18).

The amplification and modulation of the first
inflammatory phase induced by PRP treatment
may also be explained by the observed reduction
of IL-10 levels following PRP injection. Indeed,
the reduction of IL-10 levels results in an increased
macrophage recruitment, consequently enhancing
the inflammatory condition during the first 2 days
following the treatment (27).

The observed increase of IL-4 and TNF-a levels at
day Sisadirectconsequence of theamplification ofthe
early inflammatory response. Indeed, macrophages
recruited in the site of injury are subsequently
activated, producing additional chemoattractors,
thus resulting in an increased leukocyte recruitment
in the site of injury. Conceivably, when considering
the short half life of these cytokines, it could be
assumed that the observed increased levels of IL-4
and TNF-a at day 5 after PRP treatment is the result
of the synthesis of these cytokines by the leukocytes
recalled in the site of injury. This hypothesis may
explain the persistence of high levels of cytokines
until 30 days after the treatment. Indeed, IL-4 is
able to protect lymphoid cells from apoptosis (28,
29), thus favoring the persistence of the amplified
inflammatory response. Furthermore, IL-6 levels
were found increased only in treated and contralateral
muscles but not in untreated samples. Conceivably,
this finding supports the hypothesis of a stimulated
IL-6 production by infiltrating lymphocytes and
excludes its lesioned muscle origin. This observation
strongly supports the conclusions of previous studies
indicating that PRP injection induces an amplification
and modulation of the early inflammatory response
resulting inan increase of the inflammatory infiltration
in the site of injury, data further confirmed by the

present study (2, 18). Indeed, changes in cytokine
values were predominantly recorded at day 2 and
day 5 with gradual reduction at day 30 after surgery
with the exception of IL-4 in the treated group. This
evidence suggests that the inflammatory response
in the treated group continued beyond 30 days after
surgery, though to a lesser extent.

The hypothesis of a possible systemic effect of
locally injected PRP preparation was also effectively
confirmed by the results of the present study since
several analyzed molecules such as IL-10, IL-6,
TNF-a and EGF in contralateral muscles showed an
intermediate behavior between treated and untreated
samples. The observation that none of the analyzed
molecules showed any statistically significant
modification in the bloodstream following PRP local
administration reinforces the hypothesis that certain,
not yet identified, locally produced molecules may
exert systemic effects capable of modifying the
inflammatory response of contralateral injured but not
treated muscles. The peculiarity of this investigation
was to analyze “contralateral” muscles (the same
animal was injured on both limbs and only one was
treated with PRP while the other, the contralateral
one, was left untreated) and observe whether the
treatment with locally injected PRP, may influence
the healing process even far from the site of injury.
The results obtained using this experimental model
strongly suggested that local PRP treatment may
influence inflammatory responses even far from the
site of injection. When considering its application
on athletes, no evidence supports the hypothesis
of possible action on non-injured muscles, thus
excluding possible muscle performance enhancing
properties. Certainly, the issue of the systemic effect
of locally injected PRP preparation needs further
investigation.

In conclusion, the results of the present study
confirmed that PRP treatment influences the
early inflammatory phase of the healing process.
This observation may have an immediate clinical
translation. Indeed, the demonstrated modulation
of the inflammatory response may explain the pain
reduction usually observed after PRP administration
and accounting for the early mobilization of the
patients (30). Moreover, it suggests that an early
treatment after the injury may results in better
clinical responses.
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In literature, PRP has been studied in vitro and
in vivo in the field of maxillofacial surgery and
general surgery, and more recently in muscle and
tendon healing but little is known about a possible
systemic effect derived from the local use of PRP.
Further experimental studies are needed in order to
understand the biological mechanisms at the base
of the inflammatory process following the local
treatment with PRP preparations, focusing on which
mediators exert systemic effect. For example, a
microarray analysis could be useful to investigate how
IL-1a, IL-4, IL-6, IL-10, TNF-a, EGF, IL-5 and IL-13
expression could be modulated in muscles. The easy
reproducibility achieved in this study has allowed us
to create a solid foundation on which future studies
will be carried out in order to deeply understand the
molecular dynamics of the inflammatory process
modulated by PRP administration. A potential
limitation of the present study was represented by
the low number of animals analyzed 30 days after
surgery (2 animals in each experimental condition).
These data should be considered the result of a pilot
study carried out in order to obtain useful indications
for future analysis aimed to analyze the long-term
effects of PRP preparations.

The little variation of number of rats in the 2 day
group and the 5 day group depended on accidental
deaths probably caused by intracardiac drawing or
anesthesia.
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The heme oxygenase/biliverdin reductase (HO/BVR) pathway enhances cell stress response by
degrading excess heme or producing antioxidant and cytoprotective molecules. Recently, members of
the HO/BVR system have been proposed as biomarkers for the early diagnosis of free radical-related
diseases. In this study, the presence of both the inducible and constitutive HO isoforms (HO-1 and
HO-2, respectively) and BVR was evaluated by immunohistochemistry in human skin cancer samples.
Moderate/strong immunoreactivities against HO-1, HO-2 and BVR were detected in 100% of the
nodular malignant melanoma samples, whereas in basal cell carcinoma specimens these figures were
62%, 88% and 60%, respectively, with a faint/moderate degree of expression. Faint/moderate HO-1,
HO-2 and BVR immunoreactivities were detected in 33%, 66% and 100% of melanocytic nevi samples,
respectively. In conclusion, HO-1 and HO-2 and BVR were expressed in the cytosols of skin cancer cells,
whereas perilesional normal epidermis showed only faint staining, thus leading to the hypothesis that

the HO/BVR system is activated in skin cancers.

Heme oxygenase (HO) is a microsomal
enzyme and catalyzes the oxidation of the alpha-
meso-carbon bridge of heme moieties generating
equimolar amounts of carbon monoxide, ferrous
iron, and biliverdin. Two main isoforms of HO
have been described, the first inducible (HO-1) and
involved in the adaptive response to oxidative stress,
the second constitutive (HO-2) and responsible
for the physiologic turn-over of heme (1). Heme
oxygenase is functionally coupled to the cytosolic
enzyme biliverdin reductase (BVR), which reduces
biliverdin to bilirubin, an endogenous molecule with
strong antioxidant features (1).

Free radical generation is a common pathogenetic
mechanism in skin diseases. An increased production

of reactive oxygen species (ROS) was demonstrated
in allergic contact dermatitis, psoriasis, acne and in
skin cancers (2-4).

In recent years, HO-1 has been extensively
studied as a disease-modifying protein in several
free radical-induced diseases, including certain types
of tumors (5, 6). Keeping this in mind, we decided
to explore whether or not HO-1 is expressed in
malignant skin cancers, such as basal cell carcinoma
and nodular malignant melanoma. As a comparison,
the more frequent benign skin lesions, such as
melanocytic nevi, were studied. A qualifying feature
of this work was the extension of the study also to
HO-2 and BVR, the roles of which in free radical-
induced diseases has not been completely explored
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to date.
MATERIALS AND METHODS

Paraffin embedded skin samples from patients who
underwent biopsy for nodular malignant melanoma
(N=5, 4M/1F, average age 54 years), basal cell carcinoma
(N=8, 4M/4F, average age 72 years) and melanocytic
nevi (N=3, 2M/1F, average age 39 years) were obtained
from the diagnostic Library of the Institute of Pathology
of the Catholic University School of Medicine in Rome
and analyzed for HO-1, HO-2 and BVR by standard
immunohistochemistry. The following rabbit polyclonal
antibodies were used: anti-HO-1 or anti-HO-2 (Enzo
Life Sciences, Vinci-Biochem, Italy) both diluted 1:200
or anti-BVR (Sigma-Aldrich, Milan, Italy) diluted 1:400.
Binding was visualised using biotinylated secondary
antibody and the streptavidin-biotin peroxidase complex
was developed with diaminobenzidine. Endogenous
biotin was saturated using a commercial kit (Vector
Laboratories; Burlingame, CA, USA). Finally, slides
were counterstained with hematoxylin. Each sample was
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evaluated for HO-1, HO-2 and BVR expressions by two
blinded pathologists and the intensity of immunostaining
was expressed by the following scores: 0= absent; 1=
faint; 2= moderate; 3= strong.

The procedure was performed in accordance with
the Helsinki Declaration of 1975 and updates. Data were
analyzed omitting subjects’ identity and the results were
referred only to accession numbers given in the laboratory,
thus, the data was completely anonymous.

RESULTS

Heme oxygenase-1 was detected in 100% of
nodular malignant melanoma and 62% of basal cell
carcinoma samples analyzed. Of the 5 melanoma
samples analyzed, HO-1 immunostaining was faint
in 1 and moderate/strong in 4, whereas the signal
was faint in the 5 basal cell carcinoma specimens
positive for HO-1 (Figs. 1 and 2).

On the other hand, HO-2 was detected in 100%
and 88% of nodular malignant melanoma and basal

0 1 2 3
Immunostaining

0 1 2 3
Immunostaining

0 1 2 3

Immunostaining

Fig. 1. 4 representative panel showing diffuse cytoplasmic staining for HO-1, HO-2 and BVR in nodular malignant
melanoma. Perilesional normal epidermis showed only faint staining. On the right, graphics with the semiquantitative
scoring for HO-1, HO-2 and BVR.
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Fig. 2. A representative panel showing diffuse cytoplasmic staining for HO-1, HO-2 and BVR in basal cell carcinoma. On
the right, graphics with the semiquantitative scoring for HO-1, HO-2 and BVR.

cell carcinoma specimens, respectively. Heme
oxygenase-2 immunostaining was moderate in 4 out of
5 and strong in 1 out of 5 melanoma samples analyzed,
but a faint signal (5 out of 8 samples) prevailed in
basal cell carcinoma specimens (Figs. 1 and 2).
Finally, a similar pattern of expression was found
for BVR, the enzyme being detected in 100% and
60% nodular malignant melanoma and basal cell
carcinoma samples, respectively. Biliverdin reductase
immunostaining detected a moderate/strong signal in
all the melanoma samples analyzed, whereas in basal
cell carcinoma the signal resulted faint or moderate
in 2 out of 8 and 3 out of 8 specimens, respectively
(Figs. 1 and 2). For melanocytic nevi, a faint HO-1
immunostaining was detected in 33% (1 out of 3) of
specimens and a moderate HO-2 signal was found in
66% of samples (2 out of 3), respectively, whereas a
faint/moderate BVR immunostaining was detected in
all samples (Fig. 3). Indeed, HO-1, HO-2 and BVR
immunoreactivity was primarily localized within the

cytosolic compartment in all the specimens assayed
(Figs. 1-3). A faint immunostaining for HO-1, HO-2
and BVR was observed in the perilesional normal
epidermis.

Cytologically speaking, all nodular melanomas
(Fig. 1) were characterized by a roundish collection
of atypical melanocytes in the dermis with little or
no adjacent intraepithelial components. Variable
pagetoid spread of atypical melanocytes in the
epidermis was seen, but it did not extend beyond the
margins of the neoplasms. The dermal component
was typified by a cohesive nodule or smaller nests
of tumor cells that showed a pushing or expansive
pattern of growth. A high mitotic rate was evident
throughout the neoplasms and the cytological
atypia was also remarkable. Basal cell carcinoma
samples were composed of islands or nests of
basaloid cells, with peripheral palisading and a
haphazard arrangement of the more central cells;
numerous mitotic figures, sometimes atypical, were
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Fig. 3. A representative panel showing diffuse cytoplasmic staining for HO-1, HO-2 and BVR in melanocytic nevi. On the
right, graphics with the semiquantitative scoring for HO-1, HO-2 and BVR.

seen throughout the neoplasms (Fig. 2). Tumor
cells had a hyperchromatic nucleus with relatively
scant and poorly defined cytoplasm (Fig. 2). All
nevi consisted of a sharply defined proliferation of
melanocytes arranged in nests and sheets both at the
dermoepidermal junction and in the dermis (Fig. 3).
Cells were monomorphous with small round nuclei,
inconspicuous nucleoli and scant cytoplasm. Neither
mitotic figures nor any other feature indicating
malignancy were seen.

DISCUSSION

The data described in this study suggest that
the HO/BVR axis could have a role in human skin
cancers. As mentioned above, ROS production was
shown to have a pathogenetic role in the onset and
development of skin diseases, including melanoma

and basal cell carcinoma (2, 4). In this light, it is
arguable to hypothesize that the moderate/strong
overexpression of both HO-1 and BVR detected in
all the melanoma samples analyzed in the current
research is secondary to an excessive free radical
generation. Whether the up-regulation of HO-1/
BVR system can affect the tumorigenesis or it is
only an epiphenomenon in skin cancers is still
matter of study. Was et al. (7) linked HO-1 up-
regulation with melanoma neoplastic potential in
mice, and Okamoto et al. (8) found a significant
up-regulation of HO-1 in the neoplastic tissue of
individuals suffering from malignant melanoma.
This evidence is in good agreement with the results
shown in this study in which moderate/strong HO-1
immunoreactivity was detected in all the nodular
malignant melanoma samples analyzed (Fig. 1).
This finding does not contradict the results of Jin et
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al. (9) who found reduced HO-1 immunoreactivity
in superficial spreading type, acral lentiginous type,
lentigo maligna type and metastatic melanomas and
it could reflect a different expression of HO-1 in
tumor cells depending on the melanoma histological
type. On the other hand, Shipp et al. (10) showed that
HO-1 expression in the neoplastic tissue correlated
with improved survival in patients affected by
metastatic melanomas.

With regard to basal cell carcinoma, a faint/
moderate HO-1/BVR up-regulation was found in
about 60% of specimens tested. This result could
imply a lower activation of the HO-1/BVR system,
perhaps due to a milder free radical formation, in this
type of cancer. The study of a possible correlation
between free radical generation and HO-1/BVR
activation in both nodular melanoma and basal cell
carcinoma samples was fascinating, but was out of
the aims of this paper because of technical difficulties
due to the nature of the specimens available, these
latter being paraffin-embedded tissues.

In this paper, also HO-2 was detected in basal cell
carcinoma and nodular malignant melanoma samples
and this evidence is rather novel. Dysregulation of
the main metabolic pathways leading to porphyrin/
heme biosynthesis was found in both preclinical and
clinical experimental settings related to skin cancer
research (11-13). On the basis of these findings, the
detection of HO-2 in almost all the specimens of
human malignant melanoma and basal cell carcinoma
assayed, even if with a different degree of expression
(moderate/strong in melanoma and faint in basal cell
carcinoma samples, respectively), could reflect the
main metabolic activity of HO-2 to degrade heme
and, consequently, to prevent the formation of heme-
driven secondary free radical species.

The presence of a faint expression of the HO-1/
BVR system in melanocytic nevi was not a surprise
and deals with the evidence that melanin synthesis is
per se a potential source of ROS (14, 15). Therefore,
the low degree of expression of both HO-1 and
BVR in melanocytic nevi could be considered as an
adaptive response of melanocytes to a “basic” free
radical generation.

The limited number of samples analyzed does
not allow us to conclude that overexpression of the
HO-1/BVR system can be considered as a consistent
biomarker for skin cancers. Although a larger number

of samples should be necessary for such a conclusion
together with ad hoc designed clinical studies, this
paper has to be considered as a pilot study to put
forth the possible role of both HO-1 and HO-2 and
BVR in skin cancers. In addition, the adjuvant use of
drugs which potentiate the up-regulation of the HO/
BVR pathway (1) is a novel and promising approach
to fight against skin cancers.
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