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Abstract: Objective: In our study, we aimed to investigate the effects of Jun N-terminal kinase inhibitor (SP600125)
on fibrosis and inflammation in rats with polycystic ovary syndrome (PCOS). Method: 50 Wistar-albino rats were di-
vided into five groups (n=10 each): control group, sham group, PCOS group, SP600125+ PCOS group and SP600125
group. In the estradiol valerate (EV)-treated group in which PCOS was injected with a single 4 mg/kg i.p. of EV in
0.2 ml sesame oil and the rats were sacrificed on day 60. The estradiol valerate (EV)-treated + SP600125-treated
group was injected with a single 4 mg/kg i.p. of EV in 0.2 ml sesame oil. As of day 60, the treatment group was ad-
ditionally given 15 mg/kg i.p. of SP600125 once daily for 4 consecutive days and the rats were sacrificed on day
65. Histopathological findings (ovarian morphology, edema, inflammatory cell infiltration, vascular congestion and
hyperemia) and collagen type IV immunoexpression were assessed. Results: The SP600125+ PCOS group showed
a significant level of improvement in ovarian follicle morphology, edema, inflammatory infiltrate, vascular conges-
tion and hyperemia as compared with the PCOS group. Furthermore, collagen type IV immunoexpression showed a
significant reduction in staining intensity on the theca cell layer and ovary stroma as compared to the PCOS group.
Conclusion: This study demonstrates the therapeutic effect of SP600125 in the prevention of PCOS in an experi-
mental model.
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Introduction many aspects of PCOS have been studied,
including the Hypothalamic pituitary-ovarian
and adrenal axis dysfunction, obesity, insulin
resistance and genetics. However, the definitive
cause is not completely understood. Dumesic
et al. showed that the local ovarian bioactive

factors play an important role in polycystic

Polycystic ovary syndrome (PCOS) affects
approximately 6% of women at childbearing
age [1]. PCOS is a common metabolic and
endocrine disorder, of which the pathogenesis
is extremely complicated. The primary chronic

complications that cause abnormal ovulation
are interstitial fibrosis and thickening of the
capsule. PCOS is characterized by excessive
ovarian androgen production and polycystic
ovaries with a thickened, fibrotic tunica albu-
ginea and a subcortical band composed of
many cystic follicles at various stages of grow-
th and atresia [2]. Despite a wide-range of
research being conducted, the mechanisms for
the pathological changes that are underlying
anovulation in PCOS remain unclear. Recently,

ovary formation [3].

One of the main characteristics of PCOS is
hyperandrogenism, which is associated with
ovarian fibrosis. The ovarian morphology of
long-term androgen-treated female-to-male
transsexuals meets the criteria for the diagno-
sis of polycystic ovaries and is associated with
a more highly collagenized cortex, hyperplasia
of the theca interna and a thicker theca cell
layer in comparison with the control group [4].


http://www.ijcep.com

Effects of jnk inhibitor on inflammation and fibrosis in polycytic ovary syndrome

Hyperinsulinemia, the potential factor driving
increased androgen production, is widespread
in PCOS [5, 6]. Treatment of ovarian organoids
with insulin and insulin-like growth factor-1
results in hyperplasia of the ovarian surface
epithelium and alterations in the organization
of collagen [7]. Fibrotic states in various organs
have several etiologies; however, fibrosis typi-
cally originates from chronic persistent inflam-
mation. Currently, low-grade chronic inflamma-
tion has been demonstrated to be involved in
the pathophysiological mechanisms of PCOS
[8-10]. Hu et al. demonstrated that PCOS
patients have a higher level of serum-trans-
forming growth factor-beta 1 (TGF-B1) [11],
which appears to be the key factor in fibrosis
[12, 13]. All of these pieces of evidence support
the view that hyperfibrosis may develop in
patients with PCOS.

Collagen fibers in the ovarian follicles are
altered during ovulation as a consequence of
the pre-ovulatory increase of collagenolytic
activities. The collagenous components of the
ovarian stroma develop in interstitial collagen
type |, lll and IV in tunica albuginea as well as
the extracellular matrix (ECM) of the stroma
[14]. They provide the structural strength for
ovaries and support the matrix in which follicu-
lar maturation, ovulation and formation of cor-
pus luteum take place [14, 15].

Because of evidence based on both DHEA-
induced rat models of PCOS and human clinical
investigation of PCOS, it is likely that fibrosis
might involve polycystic ovaries or other rele-
vant organs. Fibrosis is consistently associated
with the accumulation of ECM and a remark-
able number of molecular factors are required
for ECM formation, such as connective tissue
growth factor (CTGF) [16] and epidermal growth
factor [17].

Chronic low-grade inflammation has appeared
to be a key contributor to the pathogenesis of
PCOS. It is now clear that PCOS is a pro-inflam-
matory state, and emerging data suggest that
chronic low-grade inflammation contribute to
ovarian dysfunction. Most importantly, a strong
correlation exists between hyperandrogenism
and inflammation in PCOS. Recent data show
that diet-induced inflammation may directly
invoke hyperandrogenism in PCOS [18].

The chronic low-grade inflammation observed
in PCOS forms the genetic basis of the disease.
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Various pro-inflammatory genotypes, including
those that encode TNF-a and type 2 TNF recep-
tor, as well as interleukin-6 (IL-6) and its signal
transducer, are associated with PCOS [19-21].

Jun N-terminal kinase (JNK) is a stress-activat-
ed protein kinase. It can be induced by inflam-
matory cytokines, bacterial endotoxin, osmotic
shock, UV radiation, and hypoxia. JNK is a ser-
ine/threonine protein kinase that phosphory-
lates c-Jun [22, 23], a component of the tran-
scription factor activator protein-1 (AP-1). AP-1
regulates the transcription of numerous genes,
including cytokines [e.g., IFN-gamma, IL-2 and
tumor necrosis factor (TNF)-a], growth factors
[e.g., vascular endothelial growth factor (VEGF)],
immunoglobulins (e.g., kappa light chain), inf-
lammatory enzymes (e.g., COX-2), and matrix
metalloproteinase (e.g., MMP-13). JNK is a
member of the mitogen-activated protein
kinase (MAPK) family, which includes the extra-
cellular signal-regulated kinases (ERKs) and
p38 kinases. It regulates multiple activities
in cell development and function. JNK-1 and
JNK-2 are present in numerous tissues, where-
as JNK-3 is restricted to neuronal tissues,
heart, pancreatic islets and testis. Current
studies have shown that JNK plays a central
role in the modulation of insulin action and is a
critical component of the pathogenesis of obe-
sity, fatty liver disease, and type 2 diabetes
[24]. Moreover, JNK controls major inflamma-
tory response pathways, and it is activated by a
variety of stress signals [25].

Unlike apoptosis and inflammation, data avail-
able for JNK in tissue fibrosis are limited. In
vitro studies show a role for JNK signaling in
TGF-B1-induced fibronectin production in fibro-
blasts, and in TGF-B1-induced connective tis-
sue growth factor (CTGF) production [26, 27].
Transforming growth factor (TGF-B1) is one of
the factors that have been found to demon-
strate more extensive biological activity in com-
parison with their originally named predeces-
sor. It has been proven that TGF-B1 plays a very
important role in the organs and tissues of
fibrotic disease. Therefore, it is a key cytokine
that is recognized by most scholars as a start-
ing hub for fibrosis formation and development
[28].

CTGF is a downstream factor of TGF-B1, which
may be induced by TGF-B1 and mediate some
of the pro-fibrotic actions of TGF-B1, such as
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increasing the synthesis and accumulation of
the extracellular matrix [29].

Plantevin Krenitsky et al. showed that potent
and selective aminopurine-based Jun N-ter-
minal kinase (JNK) inhibitors demonstrated
pharmacological efficacy in animal models of
acute inflammation and tissue damage [30]. In
addition, SP600125, an early JNK inhibitor with
modest selectivity for JNK over p38 and ERK
MAP kinases, showed efficacy in several animal
models of fibrosis [31].

JNK inhibitor not only inhibits the JNK pathway,
but it also reduces superoxide production. It
has a cytotoxic effect in T-cell proliferation.
Experimental studies reported that it blocked
cell proliferation in CD4+ cells. JNK inhibitor
(SP600125) shows a potent effect on DNA.
JNK plays an important role in the activation of
transcription factors, mRNA stabilization and
apoptotic processes, as well as cell prolifera-
tion. JNK inhibition has an important potential
in acute cell disorders due to cell death and
inflammatory diseases [32-34].

In the present study, we aimed to investigate if
the development of inflammation and fibrosis
in the ovarian tissues of PCOS-induced female
rats and the ovaries of rats with PCOS could be
prevented. PCOS could be prevented. Our study
is the first to investigate the histopathological
effects of a JNK inhibitor on rats with PCOS.

Materials and methods
Study design

The study was conducted at the Animal Cent-
er of Yuzincu Yl University. The study was
approved by the YuzincU Yil University Experi-
mental Medical Research Center’s Experimental
Animals Ethics Committee, Van, Turkey. All of
the rats were housed in the translational medi-
cal Centre of YUzuncu Yil University at 21°C
with a 12 h light/12 h dark cycle. Free access
to a standard rat diet and water was provided.
The Wistar Albino rats were randomly assigned
into 5 groups: sham animals (group 2) were
injected with only 0.2 ml sesame oil while con-
trol animals (group 1) received no injections. In
the estradiol valerate (EV)-treated group (group
3), PCOS was injected with a single 4 mg/kg i.p.
of EV (Progynon Depot, Schering, Buenos Aires,
Argentina) in 0.2 ml sesame oil, and the rats
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were sacrificed on day 60 (n=10). The estradiol
valerate-treated + SP600125-treated group
(group 4) was injected with a single 4 mg/kg i.p.
dose of EV (Progynon Depot, Schering, Buenos
Aires, Argentina) in 0.2 ml sesame oil. As of day
60, the treatment group was additionally given
15 mg/kg i.p. of SP600125 (Tocris Bioscience,
Philadelphia, USA) once daily for 4 consecutive
days, and the rats were sacrificed on day 65
(n=10). The SP600125 treated group (group 5)
was injected with 15 mg/kg i.p. of SP600125
once daily for 4 consecutive days and the rats
were sacrificed on day 5 (n=10).

During the experiment stage, one experimental
animal in the control group, two animals from
the sham group, two animals from the PCOS
group and one animal from the PCOS+
SP600125 group died.

Histopathological analysis

One ovary per rat was removed, cleansed of
adherent connective fat tissue, fixed in 10%
formaldehyde buffer and embedded into paraf-
fin blocks. With the aid of a microtome, 4-micron
sections were cut out from the blocks. As per
standard protocols, all of the tissues were
stained with hematoxylin and eosin. The slides
were evaluated using an Olympus (Tokyo,
Japan) BX51 microscope.

Histopathological examination

All of the ovarian tissues were evaluated for
ovarian morphology, edema formation, inflam-
matory cell infiltration, and vascular congest-
ion.

In cases in which ovum degeneration or at least
one pyknotic granulosa cell was observed, the
follicle populations were classified as atretic;
otherwise, they were classified as healthy.
Morphological characteristics of follicular atre-
sia included inter alia, scattered pyknotic nuclei
in the granulosa cell layer, detachment of the
granulosa cell layer from the basement mem-
brane, fragmentation of the basal lamina, and
the presence of cell debris in the antrum of the
follicle.

Scoring

To evaluate inflammation, edema and vas-
cular congestion-hyperemia under light micros-
copy, a semiquantitative grading was designed

Int J Clin Exp Pathol 2015;8(8):8774-8785



Effects of jnk inhibitor on inflammation and fibrosis in polycytic ovary syndrome

according to the degree of inflammation,
edema or vascular congestion: grade O (none),
grade 1 (mild), grade 2 (moderate) or grade 3
(severe). To qualitatively evaluate the severity
of inflammation, infiltration of polymorphonu-
clear leucocytes (PMNL) and lymphocytes was
taken into consideration. They were graded as
0 (none; infiltration of 1-20 lymphocytes, no
PMNL), 1 (mild; infiltration of 21-50 lympho-
cytes, 1-2 PMNLs), 2 (moderate; 51-80 lympho-
cytes, 3-10 PMNLs) and 3 (severe; infiltration of
81-120 lymphocytes, >10 PMNLSs).

Immunohistochemical procedure

Immunohistochemical examination was per-
formed on a Leica Bond-Max automated IHC/
ISH platform (Model: Bond-Max, Serial No:
M211-708 Made in: Melbourne, Australia).
Four-micrometer paraffin sections were de-
waxed in a Bond Dewax solution, rehydrated
in alcohol and Bond Wash solution (Leica
Microsystems). Antigen retrieval was performed
using a high-pH (ER2) retrieval solution for 15
minutes followed by endogenous peroxidase
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Figure 1. A. Section of an ovary from group 3 (H&E, x40).
B. Cystic degenerating follicles showing a thin granulo-
sa layer and debris in follicular fluid (H&E, x100). C. An
atretic secondary follicle with granulosa cells showing
signs of atresia and intact theca cells (H&E, x200).

blocking for 5 minutes on the machine. Anti-
Collagen IV antibody (@b6586, Abcam, in dilu-
tion 100 pg at 1 mg/ml) was applied at a 1:200
dilution for 60 minutes at room temperature.
Detection was performed using a Bond Poly-
mer Refine Red Detection system (Leica
Microsystems) with a 15-minute post-primary
step followed by 25 minutes incubation with
alkaline phosphatase-linked polymers. The
sections were then counterstained with hema-
toxylin on the machine, dehydrated in alcohol,
and mounted with mounting medium (Bio
Mount HM, 20134, Milan, Italy). The tissues
were observed by histopathologists who were
blinded to the experimental study groups. The
percentage of positive cells was estimated
using light microscopy. The staining intensity
was also assessed semi-qualitatively as fol-
lows: +, weak; ++, moderate; +++, strong.

Statistical analysis

The descriptive statistics for the emphasized
characteristics are expressed in numbers and
percentages. Chi-squared test was used to
determine the association among categorical
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Figure 2. Histological examination of normal ovaries. Different developmental stages of follicles were detected in
group 1 (A) (H&E, x40), group 2 (B) (H&E, x40), group 4 (C) (H&E, x40), group 5 (D) (H&E, x40).

variables, and a Z test and Fisher’s exact test
were used to compare the ratios. The statistical
significance level was accepted as 5% for cal-
culations. The statistical package software
MINITAB was used for calculations.

Results
Ovarian morphology

A significant decrease was observed in the
number of primary follicles, antral follicles, cor-
pora lutea, primordial follicles and preantral fol-
licles in group 3 (Figure 1A). In addition, some
large cystic follicles with a thin granulosa of 2-3
cell layers were observed (Figure 1B, 1C). In
these groups, no corpus luteum, which is a sign
of ovulation, was detected. In groups 1, 2, 4
and b, there were no ovarian cysts; however,
several follicles at different stages of develop-
ment, as well as corpora lutea, were distin-
guishable (Figure 2A-D). These results were
indicative of a complete induction of the PCOS
phenotype. In group 4, the number of primordi-
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al and preantral follicles and corpora lutea in
the ovaries increased. Additionally, the number
of cysts was significantly lower than that of
group 3.

In regard to the assessment of edema of ovari-
an stroma among groups 1, 2, 4, 5 and 3, there
were significant differences (P < 0.05) (Figure
3).

The assessment of vascular congestion and
hyperemia among the groups revealed signifi-
cant differences (P < 0.05) (Figure 4).

When we examined the specimens under a
light microscope, a comparative observation of
groups 1, 2, 4, 5 and 3, significant differences
in inflammation were observed (P < 0.05)
(Figure 5).

Immunohistochemical findings
In our samples, collagen type IV was detected

primarily in the stroma of group 3, where the

Int J Clin Exp Pathol 2015;8(8):8774-8785



100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Effects of jnk inhibitor on inflammation and fibrosis in polycytic ovary syndrome

Edema of ovarian stroma

m Grade 3

" Grade 2
m Grade 1

®Grade 0

Group 1

Group 2

Group 3 Group 4

Group 5

Figure 3. Distribution of degree of edema of ovarian stroma.
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Figure 4. Distribution of degree of vascular congestion and hyperemia.
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Figure 5. Distribution of degree of inflammation.

intensity (P < 0.05) of positive staining was
higher in comparison with normal ovaries
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Group 5

(groups 1-2-4-5) (Figure 6).
Increased collagen type IV
staining was also observed
in the theca cell layer of
group 3 in comparison with
groups 1, 2, 4, and 5 (P <
0.05) (Figures 7, 8A-F).

Discussion

PCOS is the most common
reproductive and endocrinal
disease. It also has hyper-
androgenemia-related and
reproductive impacts, and
metabolic dysfunction is a
common feature of PCOS. A
high proportion of women
with PCOS are marked by
obesity and/or insulin resis-
tance [35].

Several studies have dem-
onstrated the development
of fibrosis in rats with PCOS.
The mechanisms that trig-
ger fibrosis are currently
under investigation. Fibrosis
in the stroma and tunica
albuginea of the ovary ca-
uses abnormal ovulation.
Additionally, several studies
have demonstrated the eff-
ects of low chronic inflam-
mation rates on the devel-
opment of PCOS.

The results of the present
study indicate that the JNK
signaling pathway is involved
in ovarian interstitial inflam-
mation and fibrosis process-
es. Pharmacological block-
age of JNK activation strong-
ly reduces fibrosis, edema,
inflammation, vascular con-
gestion and hyperemia in
ovarian tissue. In ovaries
with PCOS for which we pro-
vided SP600125 treatment,
we observed thinning of
the theca cell layer and
decreased collagen accu-

mulation in the stroma with collagen type 4

staining.
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Collogen type IV staining of ovarian stroma
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Figure 6. Distribution of staining intensities among groups with collagen type IV

staining in the ovarian stroma.
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Figure 7. Distribution of staining intensities among groups with collagen type IV

staining in the theca cell layer.

JNK protein is remarkable for its response to
stress and it is therefore termed “Stress-
Activated Protein Kinase”. It is mostly associat-
ed with inflammation and apoptosis. The acti-
vation of inflammatory kinases, such as C-Jun
N-terminal kinase (JNK), results in the impair-
ment of insulin signal transmission. The insulin
receptor is a member of the tyrosine kinases
family. It is initially subjected to auto-phosphor-
ylation with the binding of insulin; then, it phos-
phorylates the IRS-1 protein, which is mediated
by tyrosines. It stimulates the IRS-1 insulin-spe-
cific signal pathways and enables the emer-
gence of cellular responses. In human and ani-
mal models, it has been shown that there is a
defect at this step of insulin resistance. JNK
prevents the phosphorylation of tyrosine by ser-
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ine phosphorylation of IRS-
1, and JNK also suppresses
signal transmission. It has
been demonstrated that
JNK-1 deficiency prevents
serine phosphorylation of
IRS-1 and development of

M strong

insulin resistance induced
W modarate o

by obesity in rats [8, 12,
W weak

36-38].

JNK is a member of the
stress-activated family of
MAP kinases, which is
strongly activated by extra-
cellular stimuli, including
UV light, hypotonicity, and
chemical toxins. In con-
trast, JNK is only moderate-
ly activated by growth fac-
tors. These kinases have a
variety of functions within
the cell, such as roles in
growth, differentiation, sur-
vival and death. The best-

Group 5

= strong characterized function of
mmodarate JNK is its role in furthering
= weak apoptosis. Persistent acti-

vation of JNK has been
associated with apoptosis
in diverse cell types, includ-
ing HelLa cells [39], endo-

Group § thelial cells [40], rat mes-

angial cells [41], PC12 neu-
ronal-like cells [42], and
L929 fibrosarcoma cells
[43]. Similarly, degenerat-
ing neurons from Alzheimer’s disease patients
have increased JNK activity [44]. However, in
some cases, JNK activation has been associ-
ated with cell survival. For example, JNK activa-
tion has been demonstrated to protect myo-
cytes from nitric-oxide-induced apoptosis, and
to protect Hela cells from apoptosis after pho-
todynamic therapy [45]. Fundamentally, the
effect of JNK activation on cell death and/or
survival is probably sensitive to both the time
course of activation and simultaneous molecu-
lar signaling events in the cell.

Turner et al. have shown that the 5-HT1A recep-
tor can activate the c-Jun NH2-terminal kinase
(UJNK) in Chinese hamster ovary (CHO) fibro-
blasts. This activation was fast (within 10 min)
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Figure 8. Expression of collagen type IV in rat ovaries. Group1 (A) (collagen type IV, x100), group 2 (B) (collagen type
IV, x100) , group 5 (C) (collagen type IV, x100), group 4 (D) (collagen type IV, x100), group 3 (E, F) (collagen type IV,
%100, x200).

and sustained, and resulted in a higher rate of
programmed cell death, which was evident in
the formation of apoptotic bodies and the
observation of DNA fragmentation [46].

Recently, extensive studies have investigated
the role of various cytokines and growth factors
that can contribute to fibrosis. Among them,
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TGF-B and CTGF have been deemed to be the
key mediators of fibrosis. Many studies based
on animal models endorse the significant role
of TGF-B in the induction of fibrosis. TGF-p over-
expression in various tissues results in over-
whelming fibrosis. Temporary over-expression
of porcine TGF-B1 in rat lungs by means of the
adenovirus transfection system induced pro-
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longed lung fibrosis [47]. Expressing elevated
levels of active TGF-B1 in the heart by genetic
modification results in atrial fibrosis [48, 49].
Consistently, TGF-B inhibition extenuates fibro-
sis progression in a number of organs and tis-
sues, e.g., the heart [50]. The most commonly
acknowledged pathway involved in the patho-
genesis of fibrosis in various tissues is the
canonical TGF-B/Smad3 pathway [51]. Recently,
growing attention has been focused on CTGF,
which was discovered a decade ago and
deemed to be a downstream effector of TGF-p3.
TGF-B exerts its effect, at least partially, via the
induction of its downstream mediator CTGF
[52], and CTGF could act as an enhancer of the
TGF-B activity [53]. In our study, the significant
decrease in the intensity of collagen type 4
staining in the ovary stroma and theca layer in
the group treated with SP600125 shows that
the JNK signaling pathway has a role in the
fibrotic process of the ovary.

Inflammatory cytokines such as lymphokine,
TNF-a and IL-6 are secreted by lymphocytes
and macrophages. These cytokines conse-
quently activate macrophages and lympho-
cytes to promote further cytokine secretion and
thus participate in a vicious cycle. Because
TNF-a and IL-6 could also induce insulin resis-
tance, stimulate the production of androgen
[54] and lead to hypothalamic-pituitary-ovarian
axis secretion disorder [55]; the increased
number of lymphocytes in the present PCOS
group could be a triggering factor of chronic
inflammation and disturbing the hormone
spectrum.

Macrophages and lymphocytes are the primary
white cells that are embedded in ovarian tis-
sues. Their numbers are variable within the
ovary and throughout the menstrual cycle.
Developing follicles possess only a few of these
cells, while are assembled in the progressive
atretic follicles’ granular and theca layers to the
utmost extent [56]. Activated lymphocytes and
macrophages secrete several cytokines that
may induce apoptosis, e.g., IL-1, IL-6, IL-10,
IL-12, TNF-a, GM-CSF and IGF-I [57]. Lympho-
cytes expedite cytotoxicity, mediate follicle
cell apoptosis, and result in follicular atresia.
Macrophages lead to phagocytosis of apoptotic
follicular cells. Xiong et al. have shown that ele-
vated macrophages and lymphocytes in the
PCOS ovaries could induce cell apoptosis by
various cytokines that act on granular and
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theca cells. As a result, dominant follicles can-
not be generated [10]. We also observed a sig-
nificant degree of improvement in the group
treated with SP600125 in comparison with the
PCOS group. It is known that inflammatory cyto-
kines activate JNK, which is known as the
“Stress Activated Protein Kinase”. The fact that
inflammation was reduced at a significant level
in our study, thanks to the treatment with JNK
inhibitor, supports the role of the JNK signaling
pathway in the inflammatory process observed
in PCOS.

The results of this study show that SP600125
treatment reduces estradiol valerate-induced
alterations in the ovaries. This effect may be
related to the limited inflammatory response
and fibrotic process observed in the estradiol
valerate+SP600125-treated rats. These data
also suggest that inhibition of the JNK pathway
may represent a novel therapeutic approach for
preventing PCOS.

Acknowledgements

This project is supported by a Grant from
Yuzuncu Yil University Scientific Research
Project Coordination Unit, Van, Turkey. (2014-
HIZ-TFO79).

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Gulay Bulut, Depart-
ment of Pathology, Yuzuncu Yil University Faculty
of Medicine, 6500 Van, Turkey. Tel: +90-(432)-215
0473; Fax: +90-(432)-216 7519, E-mail: drgulaybu-
lut@yahoo.com

References

[1] Diamanti-Kandarakis E, Kouli CR, Bergiele AT,
Filandra FA, Tsianateli TC, Spina GG, Zapanti
ED, Bartzis MI. A survey of the polycystic ovary
syndrome in the Greek island of Lesbos: hor-
monal and metabolic profile. J Clin Endocrinol
Metab 1999; 84: 4006-4011.

[2] Clément F, Monniaux D, Thalabard JC, Claude
D. Contribution of a mathematical modelling
approach to the understanding of the ovarian
function. C R Biol 2002; 325: 473-485.

[3] Dumesic DA, Abbott DH. Implications of poly-
cystic ovary syndrome on oocyte development.
Semin Reprod Med 2008; 26: 53-61.

[4] Pache TD, Chadha S, Gooren LJ, Hop WC,
Jaarsma KW, Dommerholt HB, Fauser BC.

Int J Clin Exp Pathol 2015;8(8):8774-8785


mailto:drgulaybulut@yahoo.com
mailto:drgulaybulut@yahoo.com

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

(14]

Effects of jnk inhibitor on inflammation and fibrosis in polycytic ovary syndrome

Ovarian morphology in long-term androgen-
treated female to male transsexuals. A human
model for the study of polycystic ovarian syn-
drome? Histopathology 1991; 19: 445-452.
Diamanti-Kandarakis E, Mitrakou A, Hennes
MM, Platanissiotis D, Kaklas N, Spina J,
Georgiadou E, Hoffmann RG, Kissebah AH,
Raptis S. Insulin sensitivity and antiandrogenic
therapy in women with polycystic ovary syn-
drome. Metabolism 1995; 44: 525-531.
Silfen ME, Denburg MR, Manibo AM, Lobo
RA, Jaffe R, Ferin M, Levine LS, Oberfield SE.
Early endocrine, metabolic, and sonographic
characteristics of polycystic ovary syndrome
(PCOS): comparison between nonobese and
obese adolescents. J Clin Endocrinol Metab
2003; 88: 4682-4688.

King SM, Modi DA, Eddie SL, Burdette JE.
Insulin and insulin-like growth factor signaling
increases proliferation and hyperplasia of the
ovarian surface epithelium and decreases fol-
licular integrity through upregulation of the
PI3-kinase pathway. J Ovarian Res 2013; 6:
12.

Kelly CC, Lyall H, Petrie JR, Gould GW, Connell
JM, Sattar N. Low grade chronic inflammation
in women with polycystic ovarian syndrome. J
Clin Endocrinol Metab 2001; 86: 2453-2455.
Boulman N, Levy Y, Leiba R, Shachar S, Linn R,
Zinder O, Blumenfeld Z. Increased C-reactive
protein levels in the polycystic ovary syndrome:
a marker of cardiovascular disease. J Clin
Endocrinol Metab 2004; 89: 2160-2165.
Xiong YL, Liang XY, Yang X, Li Y, Wei LN. Low-
grade chronic inflammation in the peripheral
blood and ovaries of women with polycystic
ovarian syndrome. Eur J Obstet Gynecol Reprod
Biol 2011; 159: 148-150

Hu J, Yang J, Xu W, Li M. Study on the changes
and clinical significance of serum transforming
growth factor-beta, tumour necrosis factor-al-
pha and interleukin-6 in the patients with poly-
cystic ovary syndrome. Chin J Birth Health
Hered 2004; 12: 107-109.

Schiller M, Javelaud D, Mauviel A. TGF-beta-
induced SMAD signaling and gene regulation:
consequences for extracellular matrix remod-
eling and wound healing. J Dermatol Sci 2004;
35: 83-92.

Schaafsma D, McNeill KD, Mutawe MM,
Ghavami S, Unruh H, Jacques E, Laviolette M,
Chakir J, Halayko AJ. Simvastatin inhibits
TGFbetal-induced fibronectin in human airway
fibroblasts. Respir Res 2011; 12: 113.
Auersperg N, Maines-Bandiera SL, Dyck HG,
Kruk PA. Characterization of cultured human
ovarian surface epithelial cells: phenotypic
plasticity and premalignant changes. Lab
Invest 1994; 71: 510-518.

8783

(15]

(16]

[17]

(18]

(19]

[20]

(21]

[22]

(23]

(24]

[25]

[26]

Woessner JF Jr. Catabolism of collagen and
non-collagen protein in the rat uterus during
post-partum involution. Biochem J 1962; 83:
304-314.

McLennan SV, Wang XY, Moreno V, Yue DK,
Twigg SM. Connective tissue growth factor me-
diates high glucose effects on matrix degrada-
tion through tissue inhibitor ofmatrix metallo-
proteinase type 1: implications for diabetic
nephropathy. Endocrinology 2004; 145: 5646-
5655.

Lembach KJ. Induction of human fibroblast
proliferation by epidermal growth factor (EGF):
enhancement by an EGF-binding arginine es-
terase and by ascorbate. Proc Natl Acad Sci U
S A1976; 73: 183-187.

Gonzéalez F. Infammation in Polycystic Ovary
Syndrome: underpinning of insulin resistance
and ovarian dysfunction. Steroids 2012; 77:
300-305.

Escobar-Morreale HF, Calvo RM, Villuendas G,
Sancho J, San Millan JL. Association of poly-
morphisms in the interleukin 6 receptor com-
plex with obesity and hyperandrogenism. Obes
Res 2003; 11: 987-996.

Peral B, San Millan JL, Castello R, Moghetti P,
Escobar-Morreale HF. The methionine 196 ar-
ginine polymorphism in exon 6 of the TNF re-
ceptor 2 gene (TNFRSF1B) is associated with
the polycystic ovary syndrome and hyperan-
drogenism. J Clin Endocrinol Metab 2002; 87:
3977-3983.

Villuendas G, San Millan JL, Sancho J, Escobar-
Morreale HF. The -597 G->A and-174 G->C
polymorphisms in the promoter of the IL-6
gene are associated with hyperandrogenism. J
Clin Endocrinol Metab 2002; 87: 1134-1141.
Dérijard B, Hibi M, Wu IH, Barrett T, Su B, Deng
T, Karin M, Davis RJ. JNK1: a protein kinase
stimulated by UV light and Ha-Ras that binds
and phosphorylates the c-Jun activation do-
main. Cell 1994; 76: 1025-37.

Kallunki T, Su B, Tsigelny |, Sluss HK, Dérijard
B, Moore G, Davis R, Karin M. JNK2 contains a
specificity-determining region responsible for
efficient c-Jun binding and phosphorylation.
Genes Dev 1994; 8: 2996-3007.

Hirosumi J, Tuncman G, Chang L, Gorgun CZ,
Uysal KT, Maeda K, Karin M, Hotamisligil GS. A
central role for JNK in obesity and insulin resis-
tance. Nature 2002; 420: 333-336.

Tang C, Liang J, Qian J, Jin L, Du M, Li M, Li D.
Opposing role of JNK-p38 kinase and ERK1/2
in hydrogen peroxide-induced oxidative dam-
age of human trophoblast-like JEG-3 cells. Int J
Clin Exp Pathol 2014; 7: 959-968.

Hocevar BA, Brown TL, Howe PH. TGF-beta
induces fibronectin synthesis through a
c-Jun N-terminal kinase-dependent, Smad4-

Int J Clin Exp Pathol 2015;8(8):8774-8785



[27]

(28]

[29]

[30]

(31]

[32]

[33]

[34]

Effects of jnk inhibitor on inflammation and fibrosis in polycytic ovary syndrome

independent pathway. EMBO J 1999; 18:
1345-1356.

Utsugi M, Dobashi K, Ishizuka T, Masubuchi K,
Shimizu Y, Nakazawa T, Mori M. C-Jun-NH2-
terminal kinase mediates expression of con-
nective tissue growth factor induced by trans-
forming growth factor-betal in human lung fi-
broblasts. Am J Respir Cell Mol Biol 2003; 28:
754-761.

Verrecchia F, Mauviel A. Transforming growth
factor-beta and fibrosis. World J Gastroenterol
2007; 13: 3056-3062.

Yang L, Chan CC, Kwon OS, Liu S, McGhee J,
Stimpson SA, Chen LZ, Harrington WW,
Symonds WT, Rockey DC. Regulation of peroxi-
some proliferator-activated receptor-gamma in
liver fibrosis. Am J Physiol Gastrointest Liver
Physiol 2006; 291: G902-911.

Krenitsky VP, Delgado M, Nadolny L,
Sahasrabudhe K, Ayala L, Clareen SS, Hilgraf
R, Albers R, Kois A, Hughes K, Wright J,
Nowakowski J, Sudbeck E, Ghosh S,
Bahmanyar S, Chamberlain P, Muir J, Cathers
BE, Giegel D, Xu L, Celeridad M, Moghaddam
M, Khatsenko O, Omholt P, Katz J, Pai S, Fan R,
Tangy, Shirley MA, Benish B, Blease K, Raymon
H, Bhagwat S, Henderson |, Cole AG, Bennett
B, Satoh Y. Aminopurine based JNK inhibitors
for the prevention of ischemia reperfusion in-
jury. Bioorg Med Chem Lett 2012; 22: 1427-
1432.

Plantevin Krenitsky V, Nadolny L, Delgado M,
Ayala L, Clareen SS, Hilgraf R, Albers R, Hegde
S, D’Sidocky N, Sapienza J, Wright J, McCarrick
M, Bahmanyar S, Chamberlain P, Delker SL,
Muir J, Giegel D, Xu L, Celeridad M, Lachowitzer
J, Bennett B, Moghaddam M, Khatsenko O,
Katz J, Fan R, Bai A, Tang Y, Shirley MA, Benish
B, Bodine T, Blease K, Raymon H, Cathers BE,
Satoh Y. Discovery of CC-930, an orally active
anti-fibrotic JNK inhibitor. Bioorg Med Chem
Lett 2012; 22: 1433-1438.

Li Y, Samuvel DJ, Sundararaj KP, Lopes-Virella
MF, Huang Y. IL-6 and high glucose synergisti-
cally upregulate MMP-1 expression by U937
mononuclear phagocytes via ERK1/2 and JNK
pathways and c-Jun. J Cell Biochem 2010;
110: 248-259.

Huang A, Yang YM, Yan C, Kaley G, Hintze TH,
Sun D. Altered MAPK signaling in progressive
deterioration of endothelial function in diabet-
ic mice. Diabetes 2012; 61: 3181-8.

Bennett BL, Sasaki DT, Murray BW, O’Leary EC,
Sakata ST, Xu W, Leisten JC, Motiwala A, Pierce
S, Satoh Y, Bhagwat SS, Manning AM, Anderson
DW. SP600125, an anthrapyrazolone inhibitor
of Jun N-terminal kinase. Proc Natl Acad Sci U
S A2001; 98: 13681-13686.

8784

(35]

(36]

[37]

(38]

(39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

Moran LJ, Misso ML, Wild RA, Norman RJ.
Impaired glucose tolerance, type 2 diabetes
and metabolic syndrome in polycystic ovary
syndrome: a systematic review and meta-anal-
ysis. Hum Reprod Update 2010; 16: 347-363.
Hotamisligil GS. Role of endoplasmic reticulum
stress and c-Jun NH2-terminal kinase path-
ways in inflammation and origin of obesity and
diabetes. Diabetes 2005; 54 Suppl 2: S73-78.
Hotamisligil GS, Peraldi P, Budavari A, Ellis R,
White MF, Spiegelman BM. IRS-1-mediated in-
hibition of insulin receptor tyrosine kinase ac-
tivity in TNF-alpha- and obesity-induced insulin
resistance. Science 1996; 271: 665-668.
Hirosumi J, Tuncman G, Chang L, Gérgiin CZ,
Uysal KT, Maeda K, Karin M, Hotamisligil GS. A
central role for JNK in obesity and insulin resis-
tance. Nature 2002; 420: 333-336.

Wang X, Martindale JL, Liu Y, Holbrook NJ. The
cellular response to oxidative stress: influenc-
es of mitogen-activated protein kinase signal-
ling pathways on cell survival. Biochem J 1998;
333:291-300.

Hu YL, Li S, Shyy JY, Chien S. Sustained JNK
activation induces endothelial apoptosis: stud-
ies with colchicine and shear stress. Am J
Physiol 1999; 277: H1593-1599.

Guo YL, Kang B, Williamson JR. Inhibition of
the expression of mitogen-activated protein
phosphatase-1 potentiates apoptosis induced
by tumor necrosis factor-alpha in rat mesan-
gial cells. J Biol Chem 1998; 273: 10362-
10366.

Xia Z, Dickens M, Raingeaud J, Davis RJ,
Greenberg ME. Opposing effects of ERK and
JNK-p38 MAP kinases on apoptosis. Science
1995; 270: 1326-1331.

Widmann C, Johnson NL, Gardner AM, Smith
RJ, Johnson GL. Potentiation of apoptosis by
low dose stress stimuli in cells expressing acti-
vated MEK kinase 1. Oncogene 1997; 15:
2439-2447.

Zhu X, Raina AK, Rottkamp CA, Aliev G, Perry G,
Boux H, Smith MA. Activation and redistribu-
tion of c-jun N-terminal kinase/stress activat-
ed protein kinase in degenerating neurons in
Alzheimer’s disease. J Neurochem 2001; 76:
435-441.

Assefa Z, Vantieghem A, Declercq W, Vandena-
beele P, Vandenheede JR, Merlevede W, de
Witte P, Agostinis P. The activation of the c-Jun
N-terminal kinase and p38 mitogen-activated
protein kinase signaling pathways protects
Hela cells from apoptosis following photody-
namic therapy with hypericin. J Biol Chem
1999; 274: 8788-8796.

Turner JH, Garnovskaya MN, Raymond JR.
Serotonin 5-HT1A receptor stimulates c-Jun
N-terminal kinase and induces apoptosis in

Int J Clin Exp Pathol 2015;8(8):8774-8785



[47]

(48]

[49]

[50]

[51]

[52]

Effects of jnk inhibitor on inflammation and fibrosis in polycytic ovary syndrome

Chinese hamster ovary fibroblasts. Biochim
Biophys Acta 2007; 1773: 391-399.

Sime PJ, Xing Z, Graham FL, Csaky KG, Gauldie
J. Adenovector-mediated gene transfer of ac-
tive transforming growth factor-betal induces
prolonged severe fibrosis in rat lung. J Clin
Invest 1997; 100: 768-76.

Nakajima H, Nakajima HO, Salcher O, Dittié
AS, Dembowsky K, Jing S, Field LJ. Atrial but
not ventricular fibrosis in mice expressing a
mutant transforming growth factor-beta (1)
transgene in the heart. Circ Res 2000; 86:
571-579.

Verheule S, Sato T, Everett T 4th, Engle SK,
Otten D, Rubart-von der Lohe M, Nakajima HO,
Nakajima H, Field LJ, Olgin JE. Increased vul-
nerability to atrial fibrillation in transgenic mice
with selective atrial fibrosis caused by overex-
pression of TGF-betal. Circ Res 2004; 94:
1458-1465.

Kuwahara F, Kai H, Tokuda K, Kai M, Takeshita
A, Egashira K, Imaizumi T. Transforming growth
factor-beta function blocking prevents myocar-
dial fibrosis and diastolic dysfunction in pres-
sure-overloaded rats. Circulation 2002; 106:
130-135.

Zhao J, Shi W, Wang YL, Chen H, Bringas P Jr,
Datto MB, Frederick JP, Wang XF, Warburton D.
Smad3 deficiency attenuates bleomycin-in-
duced pulmonary fibrosis in mice. Am J Physiol
Lung Cell Mol Physiol 2002; 282: L585-593.
Duncan MR, Frazier KS, Abramson S, Williams
S, Klapper H, Huang X, Grotendorst GR.
Connective tissue growth factor mediates
transforming growth factor beta-induced colla-
gen synthesis: down-regulation by CcAMP.
FASEB J 1999; 13: 1774-1786.

8785

(53]

[54]

[55]

(56]

[57]

Mori T, Kawara S, Shinozaki M, Hayashi N,
Kakinuma T, Igarashi A, Takigawa M, Nakanishi
T, Takehara K. Role and interaction of connec-
tive tissue growth factor with transforming
growth factor-beta in persistent fibrosis: A
mouse fibrosis model. J Cell Physiol 1999;
181: 153-159.

Lee KS, Joo BS, Na YJ. Relationships between
concentrations of tumor necrosis factor-alpha
and nitric oxide in follicular fluid and oocyte
quality. J Assist Reprod Genet 2000; 17: 222-
8.

Lee KS, Joo BS, Na YJ, Yoon MS, Choi OH, Kim
WW. Relationships between concentrations
of tumor necrosis factor-alpha and nitric oxide
in follicular fluid and oocyte quality. J Assist
Reprod Genet 2000; 17: 222-228.

Best CL, Pudney J, Welch WR, Burger N, Hill
JA. Localization and characterization of white
blood cell populations within the human ovary
throughout the menstrual cycle and meno-
pause. Hum Reprod 1996; 11: 790-797.
Wang LJ, Pascoe V, Petrucco OM, Norman RJ.
Distribution of leukocyte subpopulations in the
human corpus luteum. Hum Reprod 1992; 7:
197-202.

Int J Clin Exp Pathol 2015;8(8):8774-8785



