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Abstract

The present study conducted proteomic analysis to identify ovarian proteins induced by GnRH/GnlH in comparison with untreated control mice. We used methods
of 2-dimentional gel electrophoresis and LC-MS/MS for protein identification. Out of the 25 differentially expressed spots from each of the GnRH/GnIH treated
ovaries we were randomly selected 18 protein spots identified by LC-MS/MS. The proteins 14-3-3, prohibitin and superoxide dismutase (SOD1) identified by LC-
MS/MS were further verified by Western blotting, which confirmed that GnRH/GnlIH-induced changes in expression of 14-3-3, prohibitin and SOD1 were similar
to the observations of proteomics. These selected proteins, 14-3-3, prohibitin and SOD1, were further have been the correlation with various ovarian activities, such as
cell proliferation, survival or markers of apoptotic. Out of 18 identified GnRH-induced proteins, 9 showed up-regulations whereas other 9 showed down-regulations.
This finding suggests that GnRH acts both by stimulating and inhibiting expression of protein. Interestingly, in the GnIH-induced ovary, 15 out of 18 proteins were
significantly down-regulated suggesting that, GnIH acts mainly by inhibiting the expression of proteins involved in ongoing ovarian activities. Thus, the present study

indicates many of the identified GnRH/GnlIH-induced proteins are potentially linked to ovarian follicular development, atresia, steroidogenesis and cancer.

Introduction

The decapeptide gonadotrophin releasing hormone (GnRH) or
its agonist (GnRH-Ag), a major regulatory neuropeptide first isolated
from the mammalian hypothalamus, is involved in primary control
of reproductive processes across vertebrates [1-3]. The presence of
GnRH and GnRH-receptor in the ovary of several mammalian species,
including human, strongly suggests the local synthesis and biological
actions of GnRH in the ovary as well as hypophysiotrophic actions [4-
10].

GnRH has both stimulatory and inhibitory actions on various
ovarian activities. In the ovaries of rats and mice, several studies
have reported that significant variations of the expressions of GnRH
and GnRH receptor during the estrous cycle [9,11]. GnRH exerts
a stimulatory action on preovulatory follicles by inducing oocyte
maturation [12] and follicle rupture [13]. In smaller follicles, GnRH
exerts an inhibitory action on the induction of gonadotropin-receptor
[14]. The increased concentration of GnRH during proestrus and
estrus phases suggests possible involvement of this neuropeptide for
the selection of follicles for growth, differentiation and atresia in the
ovary [9,11]. The presence of GnRH and its receptor in thecal cells of
antral follicles suggests possible involvement of this neuropeptide in
regulation of gonadal steroidogenesis [8,15]. The presence of GnRH
and its receptor in the granulosa cells of atretic follicles suggests a role
of GnRH in the induction of follicular atretia in the ovary of mice
[9]. The treatment of GnRH agonist in vivo has been shown to reduce
proliferative activity and induce apoptosis in granulosa cells [16]. The
anti-gonadotropic effect of GnRH was found to be mediated by down
regulation of the expression of LH- and FSH-receptors and suppression
of the expression of steroidogenic enzymes in the rat ovary [9,17,18].
Furthermore, it has been suggested that GnRH may have permissive
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actions on the process of luteal regression [19]. The mRNA expression
of GnRH receptor was also found in luteinized granulosa cells in human
[8]. However, not much is known about the mode of actions of GnRH
to regulate various physiological actions in the mammalian ovary.

Another neuropeptide, the mammalian GnIH peptide, RF-amide
related peptide-3 (RFRP-3) and its receptor have been demonstrated
in the ovary of rhesus monkey and mice [20,21]. Extensive studies
have described that GnIH is also an important intra-ovarian factor
inhibiting ovarian follicular development and steroidogenesis [22,23].
Previous studies identified two G-protein couple receptors, GPR 147
and GPR 74, as the GnIH-receptor [24,25]. The GnIH-receptor is
localized in the theca and granulosa cells, with significantly lower level
in preovulatory follicle as compared to the smaller growing follicles
[9]. The relative abundance of both GnRH and GnIH mainly in the
antral follicles of mice during proestrus and estrus phases suggests the
possible involvement of these neuropeptides in the selection of follicles
for growth and atresia. The expressions of both GnRH and GnIH in the
ovary of mice suggest the possibility for the interaction between these
peptides [9]. Our earlier study has demonstrated a positive correlation
between the levels of GnRH and GnIH in the gonad from birth to
senescence [26]. It has further been found that GnIH usually inhibits
the secretion and action of GnRH [21,22].

*Correspondence to: Amitabh Krishna, Department of Zoology, Banaras Hindu
University, Varanasi- 221 005, India, E-mail: akrishna_ak@yahoo.co.in

Key words: crhabdomyosarcoma, fusion gene, invasion, migration, apoptosis,
proliferative ability

Received: February 15, 2019; Accepted: February 22, 2019; Published: February
26,2019

Volume 6: 1-13


http://www.sciencedirect.com/science/article/pii/S0015028210005133
mailto:akrishna_ak@yahoo.co.in

Dave A (2019) Comparative proteomic analysis of the mouse ovary in response to GnIH and GnRH: An in vitro approach

The studies described so far suggest that both GnRH and GnIH
act as important autocrine/paracrine factors that modulate follicle
development, apoptosis, luteinization and steroidogenesis in the ovaries
of mammals. GnRH and GnIH have also been proposed as a possible
treatment for variety of reproductive dysfunctions [10,27]. Our recent
study suggests that GnRH may restore ovulation in polycystic ovarian
(PCO-mice) and thus may be utilized as a therapeutic agent to treat
polycystic ovarian syndrome [10]. GnRH may also be useful in the
treatment of hypogonadotropic hypogonadism and suppression of
fertility. Because GnIH is the first identified neuropeptide that has a
direct inhibitory action on gonadal functions [20,21], GnIH may
develop as an anti-fertility agent [10]. However, many of the functions
of GnRH and GnIH in the ovary are still unclear. Specific molecular
changes occurred in the ovary in response to the treatment with either
GnRH/GnIH and may provide knowledge about unknown processes
of the modulation of various ovarian activities by these neuropeptides.
To identify ovarian proteins whose expressions, change (induced or
repressed) in response to the treatment with either GnRH or GnIH,
the present study employed a proteomic approach comprised of two-
dimension (2D) gel electrophoresis and LC-MS/MS. To verify the
proteomic data, the expression levels of selected proteins were evaluated
by Western blot analysis in the mice ovary.

Material and methods

Antibodies and reagents

Chemicals and antibodies: Mouse RFRP-3 long form
(VNMEAGTRSHFPSLPQRF-NH,), a mouse GnIH ortholog, was
kindly provided by Prof. Tsutsui, Department of Biology, Waseda
University, Tokyo, Japan [28]. GaRH-Ag used in the study was ([DTrp6,
Pro9-NEt] GnRH). It was kindly provided by Dr. Marvin Karten,
Contraceptive branch, NIH, USA. All the general chemicals used in this
study were purchased from Merck, New Delhi, India. Detail of antibody
used was given in Table 1.

Animals

All the experiments were conducted in accordance with principles
and procedures approved by the Departmental Research Committee
of Banaras Hindu University, India. Mice (Mus musculus) of Parkes
Strain were housed under constant condition of temperature (2412 C)
and humidity in a photoperiodically controlled room (12-h light, 12-h
dark) of our animal house and were provided with commercial food
(Pashu Aahar Kendra, Varanasi, India) and tap water ad libitum. Adult

Table 1. Details of antibodies used for western blot

Species raised in Monoclonal/

(12 weeks old) female mice of about similar body weight and exhibiting
at least two consecutives 4 to 5 days cycles were used in this experiment.
Vaginal cytology was observed early in the morning to check the
proestrus phase of cycling mice. Vaginal cytology showing presence of
nucleated epithelial cells confirms the proestrus phase of cycling mice
[29]. Mice with regular estrus cycles were randomly allocated into three
groups.

Experimental design

In order to execute the experiments mice ovaries (n=30) were
immediately dissected out at proestrus phase of estrus cycle and
subjected to in vitro culture for 24 h at 37 'C in humified atmosphere
5% CO,. Ovaries were divided into three groups: GnIH (100 ng/ml),
GnRH-Ag (100 ng/ml) and control group (only media). Ovaries were
pooled out and were washed with PBS thrice and stored at —80 °C
until used for 2-DE and immunoblotting where as media was used
for hormone assay. The experiments were repeated thrice to get same
results. After the two-dimensional gel electrophoresis spots from 2-DE
gel of two groups compared with control were analyzed with PDQuest
image analysis software. Spots exhibiting greater than two-fold change
in expression as determined by Student t-test (p<0.05) were selected
for protein identification by tandem mass spectrometry. Out of 25
differentially expressed spots 18 spots were selected using non-targeted
approach from each group for LC-MS/MS analysis.

Validation of proteomic study

For the validation of the proteomics study, one of the protein
spots identified by LC-MS/MS analysis was confirmed by Western
blot analysis. The protein 14-3-3 zeta/delta was selected for further
study because it is involved in regulation of diverse cellular processes
such as oxidative stress, inflammation, apoptosis, cell proliferation
and survival [30]. 14-3-3 might be involved in various physiological
changes occurring in the mice ovary. Other than 14-3-3 zeta/delta we
have also selected prohibitin and SOD1 to see the changes occurring
in the ovary in order to further validation of our results. Beside this,
there were presence of apoptotic markers and cell proliferation marker
in the ovaries because ovarian granulosa cells showed atretia. Therefore,
in order to examine changes occurring in ovarian cells this study was
undertaken to verify whether GnRH and GnIH were regulating the
expression of apoptotic markers (Caspase-3 and PARP-1) and survival
factors (BCl, and PCNA). To achieve this immunoblotting of apoptotic
markers and cell proliferation marker was conducted in the mice ovaries
collected during the proestrus phase of the estrus cycle. Following this,

Concentration (used for Western

Antibody Target species Polyclonal Source blotting
Prohibitin Human Rabbit; Polyclonal GenScript (A0070640) 1:1500
SOD1 Human Rabbit; Polyclonal GenScript (A0100540) 1:3000
.. Santa cruz Biotechnology Inc .
PARP-1 Human Rabbit; Polyclonal (H-250,SC 7150) 1:1000
Santa cruz Biotechnology
Caspase-3 Human Rabbit; Polyclonal 1:1000
Inc. (H-277, SC 7148)
Thermo Fisher Scientific,
PCNA Human Rabbit; Polyclonal 1:1500
Rockford, USA, PA1-38424
. Santa cruz Biotechnology Inc. (H- .
BCI2 Human Rabbit; Polyclonal 61, SC 7938) 1:1500
Actin B-Actin Mouse; Monoclonal Sigma A2228, 128K4813 1:20,000
Secondary Rabbit Goat; Polyclonal Bio Geni 1:4000
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correlation study was undertaken to find out how 14-3-3, prohibitin
and sod1 with apoptotic and cell survival marker proteins regulate the
ovarian physiology. To achieve this, the mice ovaries collected after in
vitro culture were processed for immunoblot analysis of 14-3-3 zeta/
delta, Prohibitin, sodl, caspase-3, PARP-1, PCNA and BCl2 proteins.
The relative concentration of the proteins in ovaries was obtained by
densitometric analysis of western blots. The correlative changes in
the concentrations of 14-3-3 zeta/delta protein, prohibitin and SODI,
together with of apoptotic marker (caspase-3, PARP-1), the changes in
the concentrations cell proliferative (PCNA) marker and cell survival
marker (BCL,) were analyzed.

In vitro study

Proestrus ovaries were used for in vitro culture because they
contain many antral follicles and to maintain uniformity in the stage
of ovaries used in all the groups. Adult female mice (n=30) were
killed by decapitation under mild dose of anesthetic ether. These
ovaries were quickly dissected out and cleaned from any adhered fat
tissue and oviduct in medium Dulbecco Modified Eagle’s Medium
(DMEM; Himedia, Mumbai, India) containing penicillin (250 U/ml)
and streptomycin sulfate (250 pug/ml). Ovaries were cultured by the
method as described previously [22,31]. Culture media was a mixture
of DMEM (with sodium pyruvate and L-glutamine) and Ham’s F-12
(1:1; v: v) (Himedia, Mumbai, India) containing penicillin (100 U/ ml),
streptomycin sulfate (100 pg/ml) and BSA (0.1% w/v, Sigma Chemicals
Co., St Louis, USA). Intact ovaries (one per well in culture plate) were
cultured in 1 ml medium in a humidified atmosphere with 95% air and
5% CO, to maintain pH 7.4 for 24 h at 37°C. The doses of neuropeptides
were selected on the basis of studies conducted previously in our
laboratory [22,31]. The treatment of GnIH (RFRP-3 LF) 100 ng/ml,
GnRH 100 ng/ml and control (without any neuropeptide) was given
in a total volume of 10 pl/ml medium per well of culture plate. Ovaries
pooled out after culture, washed several times with PBS and kept frozen
-80°C for 2-Dimensional gel electrophoresis and Western blot analysis.
The culture media was kept for hormone assay. Each treatment group
was run in triplicate with the same results.

Two-dimensional gel electrophoresis

Ovaries were collected after in vitro culture, homogenized by
sonication in ice cold 1 M Tris (pH 7.6) having 1pg/ml aprotinin, 100
pg/ml PMSE Homogenized protein was precipitated in ice cold acetone
(sample: acetone; 1:10) for overnight at -20 °C and then centrifuged
at 10,000 rpm for 5 minutes at 4°C. Acetone was discarded after
centrifugation and pellet was allowed to dry until smell of acetone goes
off. The pellet was then resuspended in rehydration buffer (7M urea,
2M thiourea, 4% CHAPS, 50 mM DTT and 0.2% ampholites). Protein
estimation was performed by Bradford Assay. Strips (pH 4-7, 11cm)
were rehydrated passively for 16 hours and then IEF was performed
using a PROTEAN IEF cell (Bio-Rad) for 40,000 V-h. After completion
of IEF, the strips were equilibrated in two base buffers (50 mM Tris/
Cl, 2% (v/v) SDS, 6 M urea, and 20% glycerol) containing first 1.4 M
diothiothreitol (DTT) and then 1.3 M iodoacetamide. The second
dimension was run onto 12 % SDS-PAGE. The gel was washed thrice for
15 min prior to staining with CBBG-250. For quantification purposes,
the stained gels were scanned (GS- 800 Densitometer, Bio-Rad) and
analyzed with PDQuest image analysis software (Bio-Rad) followed by
LC-MS/MS. Each treatment group was run in triplicate with the same
results.
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LC-MS/MS from 2D gel spots

Out of 25 spots, 18 Spots from the 2 D gel were randomly selected
for the identification by LC-MS/MS using a Thermo-Finning LTQ mass
spectrometer coupled to a Multimate 3000 nanoflow HPLC. Spots from
2D gels were typically stored in clean (rinsed with mass spec grade
Acetonitrile) Eppendorf tubes for transportation or storage. Spots (gel
plugs) were washed three times in 100% acetonitrile for at least 10 min
per wash to remove any stain. After the last wash the spots were placed
in a Speed-Vac and dried for 20 min. The dried spots were rehydrated in
trypsin digest buffer (50 mM ammonium bicarbonate; Am Bic). Spots
were first reduced in diothiothreitol (DTT) 10 mM at 56 ‘C for at least
30 min and alkylated with 15 mM Iodoacetic Acid for 30 min at room
temperature in the dark. Samples were then digested with mass spec
grade trypsin 20 ng/ul for 4 hrs at 37°C. Just before analysis, the sample
was acidified by the addition of Formic acid to 0.1% [32].

Spots from 2D gels were analyzed using a 60 min LC/MS run on a
Multimate 3000 nanoflow HPLC. The sample was loaded onto a trap
(C18 PepMap 100, 300um X 5 mm, Thermo) at 5 pl/min for 5 min. The
multiport valve was then switched and the trap was eluted onto a reverse
phase column using a gradient of acetonitrile in water 5%-30% over ten
min at a flow rate of 200 nl/min. Eluate from the column was directly
sprayed into an LTQ ion trap mass spectrometer using nanospray
(Michrom). Spectra are collected using X calibur 2.2 software (Thermo)
using a threshold setting of 200. Spectra were searched against a mouse
Swiss-Prot database using Proteome Discoverer 3.1 software (Thermo).
The percolation selection algorithm was used, set to a 5% false discovery
rate to select the best database-hits (Tables 2 and 3).

Immunoblotting

Two to three ovaries were pooled and homogenized in suspension
buffer (0.01 M Tris pH 7.6, 0.001 M EDTA pH 8.0, 0.1 M NaCl, 1
pg/ml aprotinin, 100 pg/ml PMSF) via sonication to produce 10%
(w/v) homogenate. Further, protein extraction and immunoblot was
performed as described previously in our study. Protein quantification
was done using Lowry’s method. Equal amount of proteins (40 pg)
were loaded onto SDS-PAGE (10%) for electrophoresis. Separated
proteins were then transferred on PVDF membrane (Millipore,
Billerica, MA, USA) overnight at 4°C. Non-specific sites were blocked
for 60 min with Tris-buffered saline (TBS; Tris 50 mM (pH 7.5),
NaCl 150 mM, 0.02% Tween 20) containing 5% fat-free dry milk
and thereafter incubated with 14-3-3 zeta/delta antibody at dilution
of 1:4000; and SOD1 antibody at a dilution of 1:3000; Prohibitin
antibody, PCNA and BCl2 antibody at the dilutions 1:1500; PARP-
1 and Caspase-3 at the dilution of 1:1000 (Table 1) for 1 h at room
temperature followed by washing for 30 min. Immunodetection was
performed with secondary antibody conjugated with horseradish
peroxidase (1:4000 v/v) followed by three washings with PBS (0.2
M PBS, pH = 7.4) for 10 min each. Finally, signal was detected with
enhanced chemiluminescence (ECL) detection system (Bio-Rad,
USA). Equal loading was confirmed either by Ponceau S staining or
by B-actin (Sigma). Experiments were repeated three times with the
same result.

Densitometry

X-ray films were later scanned and then quantified by densitometry
(Image J vs. 1.36, NIH, USA). Quality of loading and transfer was
assessed with Ponceau S staining and/or p-actin. All immunoblots were
normalized to B-actin. The data are presented as the + S.E.M. of three
blots of each peptide.
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Table 2. Details of spot analysis: GnIH treated groups

Regulation of Accession Lo . Unique Pep- Molecular wt. Cal.
S.No protein No. Description Score | Coverage Proteins Proteins tides PSMs | AAs (KDa) pl
Protein N4bp2(fragment)OS=Mus
musculus GN=N4bp2PE=4SV=2-[
E9Q9B2 E9Q9B2_MOUSE] 1277 10.53% 2 1 1 13 1498 1642 5.33
MCG124046 OS= Mus musculus
1 Downregulation Q9ZI1R9 GN=Prss IPE=2 SV=1-[ Q9ZIR9_ 1223 8.13% 1 1 1 3 246 26.1 4.94
MOUSE]
BI1AQX9 SRC kinase-signalling inhibitor 1 11.43 1.15% 5 2 2 15 1217 11305 9.25
OS=Mus musculus GN=Srcin 1
PE=1SV=1-[ BIAQX9 _MOUSE]
Isoform 2 of Tropomyosin beta
psg7742  Chain OS=Mus musculus B389 55350 16 6 6 7 284|329 4.67
5 Downregulation BIAQX9 SR(_: kinase-signalling Thlb}tor 1
OS=Mus musculus GN=Srcin 1 6.94
PE=1SV=1-[ BIAQX9 MOUSE] 621 4.17% 6 3 3 6 1174 126.9 9.36
— - 0,
E9Q9B2 Protein N4bp2(Fragment)OS 1.13% 2 2 2 6 1498 164.2 5.33
Tropomyosin alpha-1 chain OS=Mus
musculus GN=Tpm 1PE=3SV=1- o 32.8
E9Q450 [E9Q450 MOUSE] 92776  48.24% 28 9 16 29 284 4.78
. MCG124046 o 26.1
3 Downregulation QYZIR9 Transmembrane protein serine 11F 18.06  8.13% 1 1 1 4 246 4.94
Q8BHM9 OS=Mus musculus GN=Tmprss o 49.7
11fPE=SV=1-[TM11F_MOUSE] 1.88 2.73% 1 1 2 3 439 9.41
MCG124046
Isoform 2 of Telomere repeats
binding bouquet formation protein 1
OS= Mus musculus GN=Ccdc79- o
QOZIRY [TERBI MOUSE] 12.57  8.13% 1 1 1 3 246 26.1 4.94
Q8COVI-2/14-3-3 PROTEIN EPSILON 1140  3.83% 4 1 2 4 705 |79.2 8.10
Interleukin-1 receptor- associated
kinase 40S= Mus musculus o
D6REF3 GN=lIrak4 PE=2SV=1-[ Q3USX5_ 9.06 9-23% 2 ! ! 3 130 152 524
. Q3USXS MOU.SE] 7.67 8.83% 2 3 3 5 453 50.1 5.40
4 Downregulation Protein N4bp2(Fragment)OS 713 4,54 5 3 4 12 1498 1642 533
E9Q9B2 Isoform 2 of Ras-responsive : e : :
Q3UHO06-2 | element-binding protein 10S= Mus o
musculus GN=Rreb1-[RREB1_ 6.60 3.65% 5 4 4 8 1618 11753 6.68
QI9ERU9 MOUSE] o
E3 SUMO-protein ligase RanBP2 6.22 2.23% 1 5 6 9 3053 3409 6.18
ESPWM3 OS=Mus musculus GN=Ranbp 5 5,5 9, 1 4 6 8 2356 2428 487

2PE=1 SV=2-[RBP2_MOUSE]
Protein Armcx4 OS= Mus musculus
GN= Armcx4PE=4 SV=1-[
E9PWM3_ MOUSE]

14-3-3 protein zeta/delta
(Fragments)OS=GN=Ywhaz PE=4

D3YXN6 0
;%751[241)3;)(1\]6* MOUSE] 4093 139.77% 4 5 f 15 88 10.1 6.73
0,
Q9ZIR9 14-3-3 protein sigma OS 13.55 8‘13A; 1 1 3 3 246 26.1 4.94
5 Downregulation 0704356 Isoform2 of 14-3-3 protein theta OS 13.49 14.11% 1 ! 3 7 248 277 4.78
P68252-2 Cadherin-7 OS=Mus musculus 11.38 11.11% 4 3 5 4 243 27.7 4.93
0,
Q8BM92 GN=Cdh7PE 6.86 3.44% 1 2 4 4 785 87.1 4.82
Q9D394-2 Isoform? of ProteinRUFY3 OS 6.22 8.12% 4 4 1 5 665 74.4 6.19
D3YTL4 . 5.25 20.00% 3 1 2 60 7.1 9.25
Troponin I, slow skeletal muscle
(Fragment)OS
. . . o
6 Downregulation P46656 Adrenodoxin, mitochondrial 8.49 9.04% 1 1 1 5 188 20.1 5.62
7 Downregulation E9Q453 Tropomyosin alpha-1 chain 6.86 12.24% 28 2 2 2 245 28.5 4.78
8 Up-regulation Q9ZIR9 MCG124046 8.32 8.13% 1 1 1 § 246 26.1 232
pregtiabio P48036 Annexin A5 813  627% 1 2 2 319 357 :
9 Downregulation Q9ZIR9 ﬁcc‘ L211121461 thanolamin-bindin 2337 8.13% 1 ! ! 6 246 261 ;‘Zg
ownregulatio P70296 osphaticyrethane € 12084 45.99% 2 5 5 8 187 208 :
protein 10S
P16045 Galectin-1 ' ' . 5
10 Downregulation P12787 Cytochrome oxidase subunit SA, 25.03 31.11% 1 2 5 9 135 14.9 5.94
mitochondrial OS 10.38 6.85% 1 2 4 146 16.1 6.54
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MCG124046
Isoform 3 of Dynamin-1 OS
Q9Z1R9 Isoform 3 of Telomere repeats- o
P39053-3 binding bouquet formation protein iég gg; 1 1 1 2 246 26.1 232
Q8COVI-3 108 : o270 1 0 1 2 851 95.9 ’
Isoform 4 of Telomere repeats- o
Q8COV1-4 binding bouquet formation protein 381 7.60% 1 0 1 1 250 28.5 914
11 Downregulation 108 o
Q8COV1 Telomere repeats binding bouquet ;gi Zg;of 1 0 1 1 249 28.0 SZZ
formation protein 1 OS : e 1 0 1 1 768 86.8 ’
Q8COV1-2 o
Isoform 2 of Telomere repeats- 381 2.70% 1 0 1 1 705 79.20 8.10
binding bouquet formation protein
108
MCG124046
QYZIR9 Isoform 3 of Telomere repeats-
binding bouquet formation protein
Q8COV1-3 108 8.65 8.13% 1 1 1 2 246 26.1 4.94
Isoform 4 of Telomere repeats- o
Downregulation Q8COV1-4 binding bouquet formation protein 717 7.60% ! 0 ! 2 250 285 914
12 (";':se';t Intreatment | gy ;ecl’fmere rencats binding bouauet |17 763% 1 0 1 2 249 280 8.76
group e pﬂnein oS ghouquet 1517 247% 1 0 1 2 768 86.8 8.34
Q8COV1-2
0,
Isoform 2 of Telomere repeats- 717 2.70% ! 0 ! 2 705 2 8.10
binding bouquet formation protein
108
MCG124046
Isoform 3 of Telomere repeats-
Q9ZIR9 binding bouquet formation protein o
Q8COV1-3 10S 8.90 8.13% 1 0 1 2 246 26.1 4.94
Isoform 4 of Telomere repeats- o
Q8COVI1-4 |binding bouquet formation protein 7.95 7:60% ! 0 ! 3 250 285 014
. Pownregulaton Q8COV1 "ll"gosmere repeats binding bouquet 7.95 7.63% ! 0 ! 2 249 280 8.76
0,
formation protein 1 OS 7.95 2.47% 1 0 1 2 768 86.8 8.34
Q8COV1-2 o
Isoform 2 of Telomere repeats- 7.95 2.70% ! 0 ! 2 705 792 8.10
binding bouquet formation protein
108
MCG124046
Q9ZIR9 Isoform 2 of AT-rich interactive 8.42 8.13% 1 0 1 2 246 26.1 4.94
14 Downregulation A2CG63-2 | domain-containing protein 4.57 1.47% 1 0 1 2 1227 11372 5.43
A2CG63 AT-rich interactive domain- 4.57 1.37% 1 0 1 2 1314 147.6 5.06
containing protein 4B OS
QI9ZIR9 %(?nilozbt(:‘érotein enerailed-2 OS 7.72 8.13% i 0 1 2 246 26.1 4.94
15 Up-regulation P09066 Chro o Hf’e B tge ke 352 617% | 0 1 1 324 338 9.42
P33174 KIF4 OS 3.38 1.62% 0 1 1 1231 1394 6.68
Isoform 3 of Telomere repeats-
binding bouquet proteinl
Qscovi-3 1Soform 4 of Telomere repeats- 3 4515 6oy, 1 0 1 1 250 285 9.14
Q8COV1-4  inding bouguet protein 345 7.63% 1 0 1 1 249 28 8.76
- . . B B 0 .
16 b Jat Q8COV1 Tel‘t’“.“elre repeats-binding bouquet 35y g, 1 0 1 1 768 1868 8.34
ownreguiation Q8COV1-2 f“’fe‘“ 5 of Tel ) 345 2.70% 1 0 1 1 705 1792 8.10
QYZIRY bsiﬁ d‘;:“ bo‘l’l u: t"‘;‘:tr:i;‘;pea s 345 8.13% 1 0 1 1 246 26.1 4.94
P33174 Mcg12g40 e P 320 |1.62% 1 0 1 1 1231 139.4 6.68
Chromosome-associated kinesin
KIF4 OS
Q9ZIR9 ngéfgggg os 39.71 9.76% 1 2 2 9 246 26.1 4.94
0,
QIQUK9 Protein Armexd OS 18.06  19.76% 2 1 2 6 246 26.3 5.30
17 Up-regulation E9PWM3 Nesprin-2 OS 8.27 4.75% 1 5 7 12 2356 242.8 4.87
p-reguiatio E9QP46 N;Slrr)o e Jocus notch homologue |11 0-89% 6 6 6 8 6870 7817 531
P31695 roteing3OS g 6.12 331% 3 3 5 7 1964 206.6 5.81
Q8R283 ]E"rotein Vmnl1r82 0S 6.09 9.87% 1 1 1 2 304 34.1 9.66
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Mcg124046
Mcg15085
QYZIRY Telomere repeats-binding bouquet ¢ o7 g 760, 1 2 2 11 246 26.1 4.94
QYROT7 formation protein! 18.83  15.85% 3 1 3 246 1263 5.81
Q8COV1 ﬁf}g‘j:“s of Tei"“r‘e:iﬁpeats' 1829  12.63% 4 1 5 8 768 1868 8.34
18 Downregulation | Q8COV1-3 & bouquet prote 16.05  24.40% 2 1 4 7 250 1285 9.14
Q8Covi-y Isoform 2 of Telomere repeats- 16.05 | 12.20% 2 1 5 8 705 1792 8.10
G3UW74 Rj[‘;g‘iztgofz‘;cl‘;‘g :L‘gg;lmse o 1098 636% 3 3 3 20 865 1954 7.81
0,
Q3USXS5 transcriptional subunit 16 OS 10.90  3.09% 2 1 1 4 453 50.1 5.40
Interleukin-1 receptor-associated
kinase 40S
Table 3. Details of spot analysis: GnRH treated Groups
Regulation of Accession . . Unique Pep- Molecular Cal.
S.No protein No. Description Score | Coverage | Proteins Proteins  tides PSMs | AAs wt. (KDa) pl
. . 6.42 9-95
1 Up-regulation Q3U3E2 Protein FAM 117B OS 3.94% 1 1 1 3 584 61.3
Q64739 Collagen alpha-2(XI)chain 4.60 3.51% 1 2 5 5 5 171.4 6.48
. QOVBM2 Protein FAM&3 OS 4.56
2 Downregulation . 5.34% 1 2 2 2 2 114.6 9.11
Q765H6 Alpha-1,6-mannosylglycoprotein 4.56
X 6.44% 1 2 2 2 2 89.4 8.29
6-beta-N-acetylglucosamine
035658 Complement component 1Q 9.99 6.83% 31 4.92
3 Up-regulation subcomponent binding protein, 1 2 2 2 278
mitochondrial
. Downregulation | 46636 édirle‘;‘fd"ﬁ‘g’ x“i‘l’fho;‘tdrifiln roein 3535 3245% 1 3 6 1 188 |20.1 5.62
ownreguiatio Q8COV1 790 oes cott domarn contammg protemn ¢ ¢4 1 479, 1 1 1 2 768 868 8.34
- p o
5 Downregulation  P58774 Tropomyosin beta chain 3760 3% 3 4 9 13 284 328 470
6 Downregulation P38771 Eﬁ?:ﬁcﬁilgoii?z-clof:il:in rotein 16.20 15.49% 3 ! 3 3 284 327 4.74
¢ Q8COVI 7 EP 610 247% 1 1 1 2 768 1868 8.34
7 Up-regulation P46636 Adrenodoxin, mitochondrial 3848 37.23% 1 6 7 12 188 20.1 5.62
) Q8COVI Coiled-coil domain containing protein 779 2.47% 86.8 834
8 Downregulation P63101 79 OS 24.51 11.02% 1 1 1 2 768 278 479
14-3-3 Protein zeta/delta (Fragments) ’ see ’ ’
Q8COV1 ;Zgolloesd coil domain containing protein 785 (2)47“7‘0;0 1 1 1 5 768 36.8 334
9 Downregulation QO6PR54 Tel iated protein RIF1 OS 297 2'730/0 1 1 1 1 2419 1266.1 5.57
QS8BHMY clomere-associated protein 1.73 e 1 1 2 2 439 1497 9.41
Transmembrane protein serine 11FOS
Coiled-coil domain containing protein
Q8COV1 79 OS 7.85 2.47% 1 1 1 2 768 86.8 8.34
10 Downregulation Q6ZQA0 Neurobeachin-like protein2 OS 5.25 1.75% 1 1 3 4 2742 301.7 6.44
Q8BHM9 Transmembrane protease serine 11F  1.73 1.37% 1 1 1 1 439 49.7 9.41
oS
Annexin A5
P48036 Coiled-coil domain containing protein 22.41  20.69% 1 2 3 5 319 35.7 4.96
11 Up-regulation Q8COV1 79 0S 3.90 2.47% 1 1 1 1 768 86.8 8.34
P15975 Inactive ubiquitin carboxyl-terminal | 1.44 0.56% 1 1 1 1 1069 11192 7.68
hydrolase 53
P70296 Phosphatidylethanolamine-binding
Q8COV1 protein 1 12.15 32.62% 1 1 4 5 187 20.8 5.40
12 Up-regulation Coiled-coil domain containing protein | 7.42 2.47% 1 1 1 2 768 86.8 8.34
QIDEM7 79 OS 1.24 1.41% 1 1 1 1 497 55.8 6.61
. B 0 . .
PHD finger protein 10 OS
P16045 gzileecél—z;)lﬂ domain containing protein 1567 |28.15% ! 2 2 3 135 149 349
13 Up-regulation Q8CoVI ] &P 376 247% 1 1 1 1 768 186.8 8.34
0,
P24860 G2/mitotic-specific cyclin-B1 1.40 1.63% 1 1 1 1 430 48.0 7.43
1?6972717129 MCG124046 17.59 8.13% 1 1 1 4 246 26.1 4.94
14 Up-regulation F6ZZB1 Prohibitin OS 11.16 25.74% 1 1 4 4 272 29.8 5.76
Neurobeachin-like protein 2 5.62 0.56% 5 1 1 4 1073 119.6 6.80
QIDCX2 ATP synthase subunit d, mitochondrial | 11.71 27.95% 1 3 3 3 161 ég; 5.69
15 Up-regulation P07146 Anionic trypsin-2 OS 297 8.13% 1 1 1 1 246 49'7 4.63
Q8BHM9 Transmembrane protease serine 11 F | 1.78 4.78% 1 1 3 3 439 ’ 9.41
6 5 i Q8COV1 ;Zgolled—coﬂ domain containing protein 744 2.47% 1 } 1 5 768 36.8 334
ownreguiation - )8BHM9 . 167 |2.73% 1 2 2 439 497 9.41
Transmembrane protease serine 11F
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P08228 E“Ii’]er(;’_’“d; g‘sr‘r‘l“;;ase I[ltc‘l‘ni]“] otein 613 22:08% 1 1 2 3 154|159 6.51
17 Up-regulation Q6RUTS 504 gSCO omain contaimng protein 5 45 13359 1 1 2 2 657 746 5.35
0,
P70372 LAV, LIKE PROTEIN 1 0S 177 2.76% 1 1 1 1 26 361 9.04
8 Downregulation 82%11{2_2 MCG 124046 1729 8.13% 1 1 1 4 246 261 494
U Isoform 2 of Protein homolog OS 2.98 3.66% 2 1 2 3 328 36.7 6.52
Progesterone assay

We have also measured progesterone because progesterone in
proestrus was necessary for the induction of apoptosis in the regressing
corpora lutea [33]. Hormone assay for progesterone was performed
using LDN (Labor Diagnostika Nord GmbH & Co. KG) ELISA KIT.
25ul of test sample was taken and processed as per manufacturer’s
instruction.

Statistical analysis

The data were analyzed by one-way analysis of variance (ANOVA)
followed by Duncan’s multiple range post hoc test by using SPSS
software 16 for Windows (SPSS Inc., Chicago, IL, USA) to compare the
data from different groups. All data are expressed as means + SEM. The
data were considered significant if p<0.05.

Results

Proteomics analysis in the ovary of mice treated in vitro with
either GnRH or GnIH

Two-dimensional (2D) gel electrophoresis followed by PDQuest
analysis was undertaken to evaluate differentially expressed proteins
of the ovary of mice treated in vitro with either GnRH or GnIH as
compared to the protein profiles of the control ovary. The control ovary
showed 681 spots after colloidal CBBG-250 staining. There were 25
differentially expressed protein spots, out of which we have selected
18 differentially protein spots from each treatment group using non-
targeted apporoach for LC-MS/MS analysis. (Figures 1-3)

Identification of differentially expressed protein spots from
the ovary of mice treated with either GnRH or GnIH by mass
spectrometry (LC-MS/MS)

Each of the 18 differentially expressed (selected) protein spots
separated from the ovaries of mice treated in vitro with either GnRH or
GnlIH in comparison to protein profile the control ovary was subjected
to LC-MS/MS analysis followed by database search against the
mouse, Swiss-Prot databases using Proteome Discoverer 3.1 software
(Thermo). Each protein spot produced one or two significant hits as
determined by false discovery rates of 1.0 and 5.0% using a reverse
database. Protein identification was considered confident when 20%
sequence coverage was found or the first hit from the database search.
The proteins identified are shown in Table 2.

Validation of proteomic study by Western blot analysis of
differentially expressed proteins

In order to validate/verify the data from 2 D proteomic analysis,
three proteins, 14-3-3, prohibitin and SODI1, were selected. These
selected proteins have undergone significant variation (either up- or
down-regulated) in the ovary treated in vitro with either GnRH or GnIH
as compared with the protein profile of control ovary. Western blot
followed by densitometric analysis of the proteins 14-3-3, prohibitin
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Figure 1. Representative 2-DE gel image showed effects of in vitro treatment of the GnIH
(100 ng/ml) on the protein expression profile of the proestrus mice ovary with control
ovary. There was a significant variation in the proteomic profile. 15 out of 18 proteins were
significantly down-regulated where as other three proteins showed significant up-regulation
with control ovary (devoid of neuropeptide). The arrows represent significantly upregulated
or downregulated protein spots
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Figure 2. Representative gel image showed effects of in vitro treatment of the GnRH
(100 ng/ml) on the protein expression profile of proestrus mice ovary with control.
Out of 18 identified GnRH-induced proteins, 9 showed upregulation while 9 proteins
were significantly down-regulated. The arrows represent significantly upregulated or
downregulated protein spots

pH

Figure 3. The figure represents effects of in vitro treatment of the GnIH/GnRH on the
protein expression profile of the proestrus mice ovary. There was significant variation (at
least 2 fold change) either upregulation or downregulation as determined by Student t-test
(p<0.05) observed in the proteomic profile to control ovary (devoid of neuropeptide). There
were three zones highlighted in red named as a, b and ¢ used for representation of 14.3.3,
prohibitin and SOD-1 respectively
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and SOD 1 in the ovary of mice showed a single immunoreactive band
at ~ 30, 30 and 18 kDa respectively and results are shown in Figures 4-6.

Effects of in vitro treatment of GnRH and GnIH on the
ovarian synthesis of progesterone

The effects of GnRH and GnIH on ovarian progesterone synthesis
in vitro are shown in Figure 7. Both the treatments caused a significant
decrease in the progesterone synthesis as compared with the control. It
was observed that treatment of GnIH showed a more decrease in the
progesterone synthesis as compared to GnRH treated group.

Effects of in vitro treatment of GnRH and GnIH on ovarian
marker for follicular growth and Atresia

To investigate the role of GnRH/GnIH, changes in the expression of
follicular growth markers (BCl, and PCNA) and markers for follicular
atresia (caspase-3 and PARP-1) were examined after the ovary treated
in vitro with these neuropeptide (GnRH/GnIH). The results showed a
significant increase in the caspase-3 expression in the ovary treated with
either GnRH or GnIH as compared to the control ovary. The in vitro
treatment with GnIH caused only a marginal increase in the expression
of both whole and cleaved PARP-1, but the treatment with GnRH
caused a significant increase in whole PARP-1 compared to the control
(Figure 8). The expression of BCl, and PCNA increased significantly in
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Figure 4. The figure represents effects of in vitro treatment of the GnIH/GnRH on the
protein expression profile of proestrus mice ovary. Here the gel images of 14-3-3 were
excised and zoom out to see the variation from original gel showed in Figure 3 and
designated as a. The protein spots were validated with Western blotting of 14-3-3 protein.
The arrow indicates the protein spot of 14-3-3. Values are represented as the mean + SEM.
Value (¥) is significantly different (p <0.05) in the treatment groups. IRDV = integrated
relative density value
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Figure 5. The figure represents effects of in vitro treatment of the GnIH/GnRH on the protein
expression profile of proestrus mice ovary. The gel images of prohibitin were excised and
zoom out to see the variation from original gel showed in Figure 3 and designated as b.
The protein spots were validated with Western blotting of prohibitin protein. The arrow
indicates the protein spot of prohibitin. Values are represented as the mean + SEM. Value
(*) is significantly different (p <0.05) in the treatment groups. IRDV = integrated relative
density value
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Figure 6. The figure represents effects of in vitro treatment of the GnIH/GnRH on the
protein expression profile of proestrus mice ovary. The gel images of SOD1 were excised
and zoom out to see the variation from original gel showed in Figure 3 and designated as
¢. The protein spots were validated with Western blotting of SOD1 protein. The arrow
indicates the protein spot of SODI1. Values are represented as the mean + SEM. Value
(*) is significantly different (p <0.05) in the treatment groups. IRDV = integrated relative
density value
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Figure 7. Representative graph showed effects of in vitro treatment of the GnIH/GnRH on
the progesterone release from the proestrus ovary and compared with the control group.
Values are represented as the mean + SEM. Value (*) is significantly lower (p <0.05) in the
treated group to control
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Figure 8. Representative figure demonstrate the effects of in vitro treatment of GnIH/
GnRH on the ovarian expression of apoptotic markers (PARP-1 and caspase-3) protein.
Values are represented as the mean = SEM. (a) Immunoblot analysis showed the increased
expressions of PARP-1 protein in the ovary of treated mice with control. (b) Immunoblot
analysis showed the increased expressions of caspase-3 protein in the ovary of treated mice
with control. Values are represented as the mean = SEM. IRDV = integrated relative density
value

GnRH treated ovary compared to the control, while the BCI, expression
decreased, but the PCNA expression increased significantly in the
GnlH treated ovary as compared to control (Figure 9).
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with changes in expression of PCNA, BCl,, PARP-1 and caspase-3
proteins and with changes in the levels of progesterone. The results
are given in Table 4. The in vitro treatment with GnIH caused only a
marginal increase in the expression of both whole and cleaved PARP-1,
but the treatment with GnRH caused a significant increase in whole
PARP-1 compared to the control. Changes in the expression of BCI,
and PCNA increased significantly in GnRH treated ovary compared to
control, while the BCl, expression decreased, but the PCNA expression
increased significantly in the GnIH treated ovary compared to the
control (Table 4).

Discussion

The presence of not only mature peptides mRNAs of GnRH and
GnIH but also their receptors in the ovary of several mammalian
species clearly suggest the local synthesis and action of these
neuropeptides in the ovary [9,19,34]. The intra-ovarian productions
of GnRH and GnIH have been reinforced by direct effects of these
neuropeptides on many ovarian functions such as steroidogenesis,
follicular growth and atresia and luteolysis. However, the mechanisms
by which GnRH and GnIH regulates these functions in the ovary have
not so far been evaluated in detail. To our knowledge, this is the first
study that investigated changes in the expression of various functional
proteins induced by GnRH and GnIH in the ovary of mice. The
present study was undertaken to collect information about functional
proteins that may be potentially important for mediating effects of
GnRH/GnIH in different ovarian activities in the mice.

The 18 spots from each of the protein profiles of GnRH or GnIH-
treated ovaries were randomly selected, which showed most significant
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differential expressions in comparison with the untreated control
ovary. These selected protein spots were subsequently analyzed by
LC-MS/MS. Comparison of changes in protein expressions between
ovaries treated with GnRH or GnIH may allow for identification
of proteins involved in specific regulatory activities by which
these neuropeptides modulate different ovarian functions. The
identified proteins were either up-regulated or down-regulated
and were presumed to be involved in a variety of ovarian processes
including cell-cycle regulation, cell proliferation, apoptosis, signaling
mechanism, regulation of reactive oxidative stress, steroidogenesis,
oocyte maturation and regulation of ovarian cancer and tumor
development. The results further showed that many of these proteins
were expressed commonly in both the ovaries treated either with
GnRH or GnIH. These observations suggest that both GnRH and/
or GnIH act through some common cascade of signaling pathways
and may also be modulating some common biological effects. The
common proteins expressed prominently in both the ovaries treated
either with GnRH or GnIH includes annexin-A5, 14-3-3 protein,
galectin-1, tropomyosin alpha-1 chain, tropomyosin beta-1 chain,
adrenodoxin, and phosphatidylethanolamine-binding protein.

The results of Western blot and proteomic findings showed that
the expression of 14-3-3 significantly down-regulated, whereas the
expression of prohibitin significantly up-regulated in the ovaries treated
with either GnRH or GnIH as compared with the control. In contrast,
the protein SOD-1 showed a significant up-regulation in GnRH treated
ovary but showed no significant variation in GnIH treated ovary when
compared with the expression of SOD-1 in the control ovary. Changes
in the rate of expression of 14-3-3 protein, prohibitin and SOD-1

Y

30 T

@ IRDV

b

Control GnlH GuRH

Figure 9. Representative figure demonstrate the effects of in vitro treatment of GnIH/GnRH on the ovarian expression of cell survival marker (BCl,) and cell proliferative marker (PCNA).
Values are represented as the mean = SEM. (a) Immunoblot analysis showed increase expressions of BCI, protein in the ovary of GnRH treated mice with control whereas there was a
decreased expression of BC, in the ovary of the GnIH treated group. (b) Immunoblot analysis showed the increased expressions of PCNA protein in the ovary of treated group compared
to control. Values are represented as the mean + SEM. Value (¥*) is significantly different (p< 0.05) in the treatment group to the control group. IRDV = integrated relative density value

Table 4. Correlation study among changes in 14.3.3 zeta/delta, Prohibitin, SOD 1, apoptotic markers (whole PARP-1, cleaved PARP-1 and Caspase-3), cell proliferation (PCNA) and cell
survival marker (BCl,) by the ovarian cells in the proestrus mice ovary treated in vitro with different peptides GnlH and GnRH-Ag with dose of 100 ng/ml each and control (without any

peptide)
Prohibitin SOD 1 PARP-1 w
14.3.3 zeta/delta -0.53115 # #

Prohibitin NA 0.696654 0.917684

SOD 1 NA 0.924342
PARP-1 w NA
PARP-1 ¢
Caspase-3

BCl,

PCNA

Note: # represents not significant; Data is significant upto p<0.05
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PARP-1 ¢ Caspase-3 BCl, PCNA

-0.80103 # 0.603508 #
0.932667 0.997538 # 0.999279
# 0.745245 0.918004 0.723394
0.712568 0.943285 0.697234 0.932109
NA 0.905076 # 0.918296
NA # 0.999482

NA #

NA
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proteins in ovaries treated with GnRH or GnIH using western blot
analysis were found correlated significantly with changes in the rate of
expression of these proteins in proteomic analysis. Thus, the results of
Western blot analysis verified the proteomic data.

This study further evaluated the GnRH or GnIH-induced changes
in the expression of proteins 14-3-3 protein, prohibitin and SOD-1 and
their correlation with different ovarian activities in mice. The results
of this study showed a significant correlation between changes in the
ovarian concentration of 14-3-3 protein with those in the concentration
of cell survival marker (BCL) but showed inverse correlation with
the apoptotic marker (PARP-1) in the ovaries treated with GnRH or
GnIH as compared to the control. The role of GnRH in regulating
apoptosis in granulosa cells has earlier been well demonstrated [16].
The treatment with GnRH in vivo increases DNA fragmentation, a
hallmark of apoptosis, in granulosa cells of preantral and antral follicles
[19] and in the corpus luteum in rat [35]. Similar to GnRH, GnIH is
also an important intra-ovarian factor causing follicular apoptosis [22].
Based on these findings, it may be hypothesized that the decrease in
the expression of 14-3-3 protein induced by GnRH and/or GnIH in
the ovary may be responsible for suppressing survival marker and
increasing apoptotic activity. These findings suggest that GnRH or
GnIH-induced increased expression of caspase-3, PARP-1 and PCNA
proteins may be responsible for increasing apoptotic activity as well
as cell proliferation in the ovary. Prohibitin is a highly conserved
mitochondrial protein that is associated with apoptosis in luteal cells
(luteolysis) [36]. Previous studies also provided evidence that prohibitin
may have an anti-apoptotic role in undifferentiated granulosa cells
which consequently resulted in an increased rate of cell proliferation
[36]. As follicles develop toward early or large antral stages, more
intense prohibitin expression was observed in the ovary. This suggests
a possible role of GnRH in granulosa cells proliferation. Prohibitin has
anti-proliferative action on tumor, so it has tumor suppressive property
[37]. These findings suggest that GnRH induced increased SOD1 level
may be responsible for increased cell survival and proliferation markers
in the ovary. This observation is in agreement with the earlier findings
that SOD1 is required for the normal development of antral follicles
and corpus luteum [38]. In an earlier study, the SOD1 alone, even in the
absence of FSH, was shown to inhibit apoptosis in cultured large antral
follicles [39]. In ovary SODI are normally expressed in theca cells of
the antral follicles [40] and plays an important role in the protection of
granulosa cells or theca cells from superoxide radicals generated during
the increased steroid synthesis and active follicular development [41].
It has earlier been shown that the insufficient level of SOD1 may cause
apoptosis in granulosa cells and follicular atresia [42].

Majority of the GnRH or GnIH-induced differentially expressed
ovarian proteins selected and identified in the present proteomic
study were shown to be associated with cell proliferation, apoptosis,
development and progression of cancer [43]. Most of these proteins,
such as dynamin, galectin, AT-rich interactive domain-containing
protein, kinesin, interleukin-1 receptor-associated kinase, Src
family kinase inhibitors, were down-regulated in the ovary upon the
treatment with GnIH and have been previously shown to be associated
with development and progression of cancer. The contribution of
dynamin-1 in genesis of cancer has recently been demonstrated [44].
It has been shown that dynamin-1 causes cancer cell proliferation
and metastasis. GnlH-induced down-regulation of dynamin-1
protein may protect ovary from carcinogenesis. The GnIH-induced
galectin-1 is a multivalent carbohydrate binding protein that mediates
the malignant cellular activities by cross-linking glycoproteins in the
tumor microenvironment [45]. Galectin-1 exerts distinct biological
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effects in various tissues and involved in cell migration, differentiation,
proliferation and apoptosis [46-49]. Further, in vitro study showed a
stimulatory effect of galectin-1 in granulosa cells proliferation in pig
ovary [50]. Galectin-1 also plays an important role in modulating
an inflammatory role in the female reproductive system and may be
related to multiple pathological conditions, such as endometriosis
[50]. Subsequent study showed the increased expression of galectin-1
in human ovary carcinoma cells, which supports a role of galectin-1
in modulation of the cancer cells [51]. The present study showed
another ovarian protein AT-rich interactive domain-containing
protein (ARID), which was down-regulated upon the treatment with
GnlH and is a putative tumor suppressor in human endometrium. The
ARID is frequently mutated and contributes to the pathogenesis of
ovarian clear cell carcinoma [52,53]. The present study showed down-
regulation of chromosome-associated protein kinesin in the ovary
treated with GnIH. The importance of kinesins has become recently
evident in tumor development and progression by coordinating mitosis
and cytokinesis [54]. The interleukin-1 receptor-associated kinase 1 is
partially responsible for IL1-induced up-regulation of the transcription
factor NF-kappa B and may play an important role in ovarian cancer
[55,56]. IL-1 is known to be critically involved in ovarian carcinogenesis
and in other solid tumor [57]. Src family kinase members have also
been shown to be important in the development of many solid tumor
types [58]. In the present study, the GnIH-induced down-regulation
in the expression of Src family kinase inhibitor protein was found in
the ovary. This present observation supports the earlier proposal that
the Src family kinase inhibitors may be used for the treatment of solid
tumors [59]. Our findings indicate that GnIH-induced inhibition
of proteins, such as dynamin-1, galectin-1, kinesins, interleukin-1
receptor-associated kinase, Src family kinase inhibitors, and ARID,
are mainly involved in protecting carcinogenesis, thus these proteins
are promising novel therapeutic targets for ovarian cancer treatment.
The present findings are valuable for further investigation to reveal the
mechanism of carcinogenesis in human ovary.

The role of GnRH as a negative regulator of proliferation in
ovarian surface epithelium and ovarian cancer cells has earlier been
demonstrated [60,61]. However, the exact mechanism by which GnRH
and GnIH modulate ovarian cancer cells remains to be elucidated. The
present study showed some of the ovarian proteins which were up-
regulated in response to treatment with GnIH or GnRH and found
to be linked to the development of cancer. These ovarian proteins
include annexin A5, Homeobox protein-engrailed-2, and complement
component 1 Q subcomponent binding protein. The present study
showed a significant up-regulation in the expression of annexin A5 in
the ovaries treated either with GnRH/GnIH in comparison with the
untreated control ovary. This present observation corroborated earlier
study where GnRH treatment stimulated the synthesis of annexin A5
in pituitary gonadotropes and ovarian luteal cells [62]. Subsequent
studies showed that annexin A5 is expressed in many endocrine glands
including pituitary, thyroid, adrenal cortex, ovary and testes [63]. The
reported relationship between GnRH and annexin A5 in different cell
types suggest a common role of annexin A5 following treatment with
GnRH. The present study demonstrated for the first time change in the
expression of annexin A5 in the ovary treated with GnIH. Annexin A5
is a calcium phospholipid-binding protein that inhibits PKC and PLC
and is connected with cell proliferation [64]. It has been suggested that
GnRH induced annexin A5 via PKC may result in the inhibition of cell
proliferation in uterus [65]. The presence of GnRH, GnIH and GnRH
receptor are well documented in the granulosa cells [9]. It is likely that
GnRH/GnIH via annexin A5 by modulating cell proliferation may
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participate in regulation of follicular growth and atresia [62]. Because
earlier study also showed the presence of GnRH and annexin A5 in the
CL, GnRH and annexin A5 may be involved in luteolysis as suggested
[62]. Thus, annexin A5 (or annexin-V) may be considered as a
biomarker for the effect of GnRH/GnIH in the ovary. Shibata et al. [64]
reported that annexin-V was involved in antiproliferative mechanism
in endometrial cancer cells. It is thus possible that GnRH or GnIH-
induced up-regulation of annexin-V through PKC may be involved in
antiproliferative effect in ovary. GnRH also activates PKC in the ovarian
cancer cells [66]. Previous study also showed that GnRH induced
activation of PKC is responsible for anti-proliferation in ovarian cancer
[67]. Since annexin A5 inhibits PKC and PLC, it has been suggested
that GnRH/GnIH-induced up-regulation of annexin A5 expression
may be associated with anti-proliferative mechanism in cancer [65].

The present proteomic data also identified proteins, such as
homeobox-engrailed and complement component 1 Q subcomponent
binding protein (CIQBP), those expressions were up-regulated
significantly in the ovary upon the treatment with GnIH or GnRH
and they might implicated either directly or indirectly in ovarian
carcinogenesis. This study showed significant up-regulation in the
expression of homeobox-engrailed protein in the ovary treated with
GnIH compared to the control. Engrailed is a member of the homeobox
gene family and encodes a transcription factor that is essential during
early development. Although many homeobox genes have been
reported to be aberrantly expressed in ovarian cancer, the functional
significance of engrailed gene in ovarian tumorigenesis requires further
investigation [68]. The role of GnRH as the regulator of proliferation
in ovary surface epithelium as well as in ovarian cancer cells has been
well documented. The present study showed a significant up-regulation
of C1QBP protein in the ovary treated with GnRH as compared to
the control ovary. The increased expression of C1QBP was shown to
be associated with increase in the progression of tumor. CIQBP was
also correlated with the expression of PCNA, a known marker of
proliferation. Down-regulation of C1QBP expression significantly
decreased cell proliferation and growth in T47D cells [69]. Further
studies are required to investigate the potential role of homeobox-
engrailed and Complement component 1 Q subcomponent binding
protein as a biomarker in ovarian cancer.

This study corroborates earlier findings demonstrating
the involvement of GnRH/GnIH in the regulation of ovarian
steroidogenesis, although the mechanism of these neuropeptides to
affect steroidogenesis was not known. The GnRH/GnIH-induced
differentially expressed protein associated with steroid biosynthesis
identified in the present proteomic study includes adrenodoxin,
SOD1, galectin-1, Interleukin-1 alpha associated kinase. Adrenodoxin
is an iron-sulfur protein, found in the mitochondria of steroidogenic
tissues, which participates in steroidogenesis as an electron transport
intermediate for mitochondrial cytochromes P450, including P450scc,
the cholesterol side-chain cleavage enzyme [70]. Because two forms
of adrenodoxin phosphorylated and unphosphorylated form were
found in the ovary, both forms can bind to cytochrome P450scc.
Unphosphorylated adrenodoxin acts as a competitive inhibitor of
pregnenolone synthesis. Phosphorylated Adrenodoxin is involved in
the biosynthesis of all steroid hormones. The presence of galectin-1
in granulosa cells has been reported [71]. In addition, galectin-1
mediated inhibition of FSH-induced P450, .. and 3B-hydroxysteroid
dehydrogenase (3p-HSD) gene transcription has been reported. These
findings suggest the involvement of galectin-1 as a negative regulator of
steroid synthesis in ovaries [50,72]. Interleukin-1 receptor associated
kinase plays an essential role in generating IL-1-induced signal
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transduction mediates an inhibitory effect on ovarian steroidogenesis
by suppressing 3p-HSD activity and may be actively involved in the
still enigmatic processes of follicular atresia and luteolysis [55,56].
The present study showed up-regulation of adrenodoxin, SOD1 and
galectin-1 in the ovary treated with GnRH, whereas all the protein
down-regulated upon the treatment with GnIH. However, the present
study showed a significant decline in progesterone synthesis by the
ovary treated in vitro with either GnRH or GnIH. The reason for this
discrepancy is not clear and requires further investigation. In our
earlier studies, the ovary treated in vitro with GnRH or GnIH decreased
the progesterone synthesis by directly suppressing the expression of
3B-HSD [22,34].

The present study showed both stimulatory and inhibitory effects
of GnRH on the ovarian activities. Out of 18 GnRH induced proteins
identified in present proteomic analysis, 9 of them showed significantly
up-regulation, whereas other 9 showed significant down-regulation as
compared with the level of these proteins in the control ovary. These
observations suggest that GnRH regulating ovarian activities both
by stimulating as well as by inhibiting expression of proteins. The
proteins upregulated with the administration of GnRH includes FAM
117B, adrenodoxin, annexin A5, phosphatidylethanolamine-binding
protein, galectin-1, prohibitin, ATP synthase, SOD1 and these proteins
are mainly associated with the regulation of ovarian cell proliferation,
apoptosis and steroidogenesis. The results of the present study support
earlier findings demonstrated the role of GnRH in regulating apoptosis
in granulosa cells and luteolysis [16,24]. Interestingly the ovaries treated
with GnIH showed inhibitory effects on the expression of proteins. Out
of 18 proteins analyzed, 15 of these proteins showed significant down-
regulation as compared with the control. The present finding suggests
that GnIH mainly acts in the ovary by inhibiting the expression of
proteins involved in various ovarian activities. The ovary treated with
GnlIH also showed up-regulation in the expression of some proteins,
such as annexin 5A, homeobox-engrailed and nesprin-2. These proteins
are associated with cell signaling, proliferation and carcinogenesis.
Kif4 was shown to express in oocyte during meiosis [73]. Thus, GnIH-
induced down-regulation of Kif4 protein may suggest the inhibition
of oocyte maturation in mice. GnRH induced increased synthesis of
phosphatidylethanolamine-binding protein (PE) regulates autophagy,
whereas GnIH-induced decreased synthesis of PE may increase
the production of ROS and induce cell-death [74]. GnIH-induced
decreased the synthesis of N4BP2, which plays a role in DNA repair.

These findings suggest that GnRH acts both by stimulating and
inhibiting the expression of protein in the ovary. Interestingly, in GnIH-
induced ovary, 15 out of 18 proteins were significantly down-regulated,
suggesting that GnIH acts mainly by inhibiting the expression of
proteins currently involved in ongoing ovarian activities. Most of the
GnRH/GnIH-induced proteins identified were presumed to be involved
in varieties of ovarian functions including cell-cycle regulation, cell
proliferation, apoptosis, signaling mechanism, regulation of reactive
oxidative stress, steroidogenesis, oocyte maturation and regulation of
ovarian cancer and tumor development. Many of the GnRH/GnIH-
induced differentially expressed proteins identified in the present study
have been potentially linked to progression and development of cancer.
The results of present study thus suggest that GnRH or GnIH-induced
changes in ovarian proteins may affect various physiological processes,
such as follicular development, atresia, steroidogenesis and cancer.
Some of these proteins eventually may serve as diagnostic biomarkers
for the detection of ovarian cancer. However, further studies are needed
to confirm these findings.
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