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Abstract

Activation of Gonadotropin-Releasing Hormone type II Receptors
(GnRHR-II) exhibits antiproliferative activity. GnRHR-II is not only
expressed exclusively in the pituitary, but also in a variety of tumors. To
date, the clinical relevance of GnRHR-II in ovarian tumors is unclear. In
addition, there is a lack of literature addressing GnRHR-II in ovarian
tumors, especially rare types. This study was conducted to investigare the
correlation between GnRHR-II expression with clinicopathology and
proliferative activity of rare ovarian tumors. The purpose of this study
was an analytic observational study with a cross-sectional design that
utilized 18 ovarian tumor samples on tissue microarray (TMA). The
expression of GnRHR-II and Ki67 was assessed using
immunohistochemical staining (IHC) and observed using the IHC profiler
plugin Image] software to obtain their respective H-scores. The data was
analyzed using independent t-test, ANOVA, Pearson's test, and Fisher's
exact test based on data types. The value of p<0.05 was considered
statistically significant. GnRHR-II is expressed in various forms in ovarian
tumors, including extrapituitary expression. GnRHR-II expression was
highest in the sex cord stromal tumor (SCST) group, 110.30 + 23.89
(p<0.0001). In addition, there was also a significant difference between
GnRHR-II expression with age (p<0.001) and the primary tumor (p<0.05),
but not with tumor type (p=0.101). There is a correlation between
GnRHR-II expression and proliferative activity (r=-0.043, p=0.866).
Elevated GnRHR-II expression is significantly correlation with SCST,
individuals over 40 years of age, and tumors confined to the ovary and it
is correlates with lower proliferative activity, although this correlation is
very weak.
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1. INTRODUCTION

Rare tumors represent a distinct challenge in clinical practice. Rare tumors are defined as an incidence
of less than 6/100,000 persons per year (1). Rare tumors generally have a poorer outcome. This is due to
delays in accurate diagnosis (2 ), less optimal management from limited experience (3), difficulties in developing
new therapies because there are too few patients for adequate clinical trials in determining the gold standard
regimen of therapy , and less financial support for research development compared with more prevalent
tumors

Rare tumors pose a distinct challenge in clinical practice. They are characterized by an incidence
rate of fewer than 6 case per 100,000 persons per year (1). Generally, rare tumors result in poorer outcomes.
This is due to delays in accurate diagnosis, less optimal management from limited experience, difficulties in
developing new therapies because there are too few patients for adequate clinical trials in determining the gold
standard regimen of therapy, and less financial support for research development compared with more prevalent
tumors

The term “rare tumor” of the ovary primarily refers to nonepithelial tumor types, such as germ-cell tumor
(GCT) and sex-cord stromal tumor (SCST). GCTs are formed from germ cells, specifically embryonic cells that
develop into reproductive cells. GCT subtypes include dysgerminoma, teratoma, yolk sac tumor and mixed germ
cell tumor

The SCSTs are a heterogeneous group and are formed by a variety of cell types that arise from primitive sex
cords or stromal cells. Stromal cells include theca cells, fibroblasts, and Leydig cells while gonadal primitive sex
cords include granulosa cells and Sertoli cells (4). In contrast to the more common malignant epithelial ovarian
tumors, borderline ovarian tumors represent only 10-20% of epithelial ovarian tumors. These tumors are classified
separately due to their different characteristics compared to malignant and benign tumors. This tumor is also rare
with an incidence of 1.8-4.8 per 100,000 women per year

Ovarian tumors can be influenced by hormones, one of which is the hypothalamic-pituitary-gonadal axis
(HPG axis) (6). Gonadotropin-releasing hormone (GnRH) is a neuropeptide released by the hypothalamus and
plays an important role in ovarian function and ovarian tumor development (7). The GnRH receptor (GnRHR) has
two isoforms, namely type I and type II. The relatively new type Il GnRH receptor is not only exclusively in the
pituitary, but also in various peripheral organs, including the central nervous system, reproductive tract, placenta,
endometrium and ovarian granulosa cells. Some gynecological malignancies such as ovarian cancer also express
GnRHR (8). Activation of this receptor demonstrates strong antitumor activity, including antiproliferative,
antiangiogenesis and antimetastatic effects

Cell proliferation plays an important role in the development of ovarian tumors. Ki-67, a marker expressed
during all active phases of the cell cycle, is commonly used as a marker of tumor proliferation in various studies

. GrundKer et al. demonstrated the antiproliferative effect of GnRH-I or GnRH-II agonists in endometrial
cancer cell lines expressing GnRHR-II mRNA. The antiproliferative effect induced by GnRH-II is influenced
by time and dose . The antiproliferative effects of GnRH-II are significantly greater than those of GnRH-I
agonists, however, the signal transduction mechanisms underlying the GnRH-II system are still unknown It
is believed that GnRH-II interacts with pathways that regulate the cell cycle, therewith influencing proliferative
activity

Immunohistochemical staining is conventionally performed on whole tissue sections from paraffin blocks
to evaluate protein expression as a prognostic marker. However, this technique, which requires processing and
staining hundreds or even thousands of slides, is very time consuming when studying a large number of tumors
or multiple markers . Tissue Microarray (TMA) was first introduced in 1998 and represents a new technology
for histopathological examinations, including immunohistochemistry (IHC) and fluorescent in-situ hybridization
(FISH)

Samples were extracted from formalin-fixed, paraffin-embedded (FFPE) tissue and arranged in a matrix
configuration inside recipient paraffin blocks, facilitating the rapid analysis of hundreds of patient samples. With
this relatively new technology, numerous specimens can be inserted into a TMA block, which can be then tested
by various techniques, including the IHC method. TMA allows for a more efficient, comprehensive, and lower cost
of tumor biology assessment compared to conventional methods such as single tissue block . Based on the
explanation above, the authors are interested in examining the correlation between GnRHR-II expression,
proliferative activity and histopathological type in rare ovarian tumors using TMA specimens.
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2.  MATERIALS AND METHODS
2.1. Study Design

This study is an analytical observational study with a cross-sectional design to examine the relationship
between the expression GnRHR-II with clinicopathological features and proliferative activity of rare ovarian
tumors.

2.2. Subject

This study utilized samples from commercial Tissue Micro Array (TMA) provided by Novus Bio (US), NBP2-
30290 - Human Ovary Tissue MicroArray (Cancer), which consist of 59 human ovarian tumor cores and 1 carbon
core as a position marker. Samples were excluded if: 1) Type of ovarian tumor with a prevalence > 6/100,000
people/year; 2) Ovarian tumor type with frequency >10%; 3) Incomplete clinicopathological data; and 4) Core is
missing/damaged. This research was conducted following approval from the Ethics Committee of the Faculty of
Medicine, Public Health and Nursing at Universitas Gadjah Mada on December 26" 2022 (KE/0806/05/2023).

2.3. Immunohistochemical Staining

Once deparaffinization and hydration were completed, antigen retrieval was carried out with warming the
slides in EDTA buffer (pH 9.0) at 90°C for 20 minutes using the pretreatment module. The slides were then washed
with PBS for 15 minutes and added 3% hydrogen peroxide solution for 6 minutes. The slides were washed again
with PBS for 15 minutes. Next, the slides were incubated with blocking serum for 30 minutes, followed by
incubation with rabbit polyclonal anti-GnRHR2 catalog no. bs-11403R (Bioss, US) and anti-Ki-67 antibodies
(catalog no. ab15580) for 60 min each, at a dilution of 1:200 dilution. After washing with PBS for 15 minutes, the
slide was incubated with a secondary antibody (Ultratek Anti-polyvalent, Biotinylated) for 30 minutes and washed
again with PBS for 15 minutes. In addition, the slides were incubated with HRP for 30 minutes and washed with
PBS for 15 minutes. The slides were then incubated in fresh DAB solution for 2 minutes, and the reaction was
stopped by washing in tap water. Counterstaining was performed by soaking the slides in Meyer's hematoxylin
for 1 minute. The slides were dehydrated through a graded series of ethanol (10 dips at each concentration) and
cleared in xylene for 10 dips. Finally, the slides were mounted and covered with glass coverslips.

2.4. Assessment of GnRHR-II and Ki67 Expression

Observations were made using a confocal microscope equipped with optilab using a magnification of 400
times. Each core was observed and images were captured from four fields of view. GnRHR-II and Ki67 expression
was assessed quantitatively using histochemical score (H-score) . The H-score is based on the intensity of
staining and the percentage of positively stained cells, with values ranging from 0 to 300 . The H-score for the
four visual fields was then calculated to determine the average value, using the formula:

H-Score = (0 x PO)+ (1 x P1)+ (2 x P2)+(3 x P3) (1)
where PO, P1, P2, and P3 represent the percentage of cells with staining intensities of 0, 1, 2, and 3, respectively

The entire process of obtaining intensity and cell percentage data was carried out semi-automatically using
the IHC Profiler plugin in Image] v1.53 software.

2.5. Statistical Analysis

Statistical analysis was conducted using SPSS 22.0. The relationship between GnRHR-II expression and
clinicopathology variables was analyzed using the independent t-test for two variables and ANOVA for more than
two variables). The correlation between GnRHR-II and Ki67 was analyzed using Pearson's test, and their
relationship was analyzed using Fisher's exact test. A p-value of less than 0.05 was considered statistically
significant.

3. RESULTS AND DISCUSSION

GnRH is an important hormone in the hypothalamus-pituitary-gonadal axis, and GnRHR is a G-protein-

coupled receptor located trans-membrane . GnRH analogues hold potential as ideal candidate for tumor
therapy across various types of tumors . For example, GnRHR is a highly effective molecular target for the
treatment of steroid-dependent prostate cancer by suppressing the pituitary-testicular axis . To date, the
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clinical relevance of GnRHR in ovarian tumors is unknown. In addition, there is very little literature that discusses
GnRHR in ovarian tumors, especially rare types.

GnRH is also known as a regulator of cell proliferation and invasion in a number of malignancies
Currently, cytotoxic GnRH agonists have been developed, where cytotoxic substances are covalently bound to
GnRH agonists. These cytotoxic GnRH analog specifically binds to the GnRH receptor and its peptide moiety and
acts as a chemotherapeutic drug after internalization of the receptor-ligand complex into the cell. Therefore, these
cytotoxic GnRH analogues only act on cells that have GnRH receptors on the cell surface, and thus have far fewer
side effects than non-conjugated cytotoxic agents

3.1. Subject Characteristics

This study used commercial TMA of human ovarian tumors, accompanied by manufacturer's accompanying
congenital clinicopathological data. The number of samples analyzed in this study were 18 tumor tissues,with the
characteristics of the subjects presented in . The mean age of the subjects was 35.17 + 18.78 years. Among
the subjects, 27.78% of the subjects were aged less than 21 years, 33.33% of the subjects were between 21 years to
40 years, and the remaining 38.89% are over 40 years old.

The majority of cases were classified as stage 1A (72.22%), while the remaining 5.56% were distributed across
stages IB, IC, IIB, IIC, and IIIA1. The most primary tumors were found in the T1a category, which was 72.22%. Only
one subject had regional lymph node involvement. All subjects did not get distant metastases. More than half of
the subjects (72.22%) were included in malignant tumors, and the rest were borderline tumors. As many as 77.78%
of the subjects were non-epithelial, and the rest were epithelial. The most common pathological diagnoses
included dysgerminoma (22.22%), followed by yolk sac tumor 16.67%), mixed germ cell tumor (5.56%), granulosa
cell tumor (22.22%), sertoli-leydig cell tumor (11.11%), papillary serous tumor of borderline malignancy (16.67%)
and mucinous cystadenoma of borderline malignancy (5.56%).

Table 1. Subject characteristics

Parameter N (%) Mean + SD
Age 35.17£18.78
<20 years 5(27.78)
21-40 years 6(33.33)
> 40 years 7(38.89)
Stage (AJCC)
IE 13(72.22)
IB 1(5.56)
IC 1(5.56)
1B 1(5.56)
1IC 1(5.56)
11A1 1(5.56)
Primary tumor
T1a 13(72.22)
T1b 2(11.11)
Tlc 1(5.56)
T2b 1(5.56)
T2c 1(5.56)
Regional lymph nodes
NO 17 (94.44)
N1 1(5.56)
Distant metastases
MO 18 (100)
Tumor type
Borderline 5(27.78)
Malignant 13(72.22)
Origin of tumor cells
Epithelial 4(22.22)
Nonepithelial 14 (77.78)
Pathology diagnosis
Dysgerminoma 4(22.22)
Yolk sac tumor 3(16.67)
Mixed germ cell tumors 1(5.56)
Granulosa cell tumor 4(22.22)
Sertoli-leydig cell tumor 2(11.11)
Papillary serous tumor of borderline malignancy 3(16.67)
Mucinous cystadenoma of borderline malignancy 1(5.56)
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3.2. GnRHR-II Expression in Ovarian Tumor TMA

GnRHR-II expression was evaluated using IHC staining, indicated by a positive result when the tumor
cytoplasm stained brown from DAB staining. GnRHR-II expression was calculated quantitatively in 4 fields of view
using the H-score. In this study, three staining intensities were identified, namely negative (Figure 1A), weak
positive (Figure 1B), and positive (Figure 1C). The histogram profile corresponds to the pixel intensity values
and the number of pixel intensities. The log below the histogram profile shows the accurate percentage of the
pixels present in each pixel intensity zone and their respective scores. The intensity ranges are defines as follows:
61 to 120 pixels for the positive zone; 121 to 180 pixels for the weak positive zone; and 181 to 235 for the negative
zone (14).
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Figure 1. GnRHR-Il immunohistochemical staining intensity, histogram profile and score obtained
semiautomatically using IHC profiler. The intensity range for the positive zone is from 61 to 120 pixels; 121 to
180 pixels for weak positive zone; and 181 to 235 for the negative zone. (A) Negative with a histogram peak at

200 pixels. (B) Weak positive with a histogram peak at 150 pixels. (C) Positive with a histogram peak at 100
pixels. 400x magnification.

The mean H-score of GnRHR-II in this study was 78.59 + 39.47. Most subjects exhibited weak positive
staining intensity (55.56%), followed by positive staining (27.78%) and negative staining (16.67%). The staining
intensity data are presented in Table 2.

Table 2. GnRHR-II staining intensity

Negative Weak positive Positive H-score
N (%) N (%) N (%) Mean + SD
Whole tumor 3(16.67) 10 (55.56) 5(27.78) 78.59 £39.47

This study is the first study to examine the expression of GnRHR-II in TMA ovarian tumors, specifically the
nonepithelial type. Most of the samples in this study showed weak positive and positive GnRHR-II staining
intensity, only 3 samples (16.67%) were GnRHR-II negative. This findings align with previous studies which show
that GnRHR is not exclusively expressed by the pituitary, but also in several types of cancer such as ovarian cancer
(6), breast cancer (18), prostate cancer (7), gastric cancer (19), and retinoblastoma (20).
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3.3. Correlation of GnRHR-II expression with clinicopathology

This study analyzed the relationship between the GnRHR-II H-score and various clinicopathological
parameters, including histopathological type, age, primary tumor, and tumor type. The results of the analysis are
summarized in

Table 3. GnRHR-II expression based on clinicopathology

H-score

Parameter N (%) Mean + SD P value
Histopathological type (WHO 5 "ed) 0.00001 ™
GCT 8(44.44) 42.52 £ 11.09
SCST 6(33.33) 110.30 £ 23.89
BOT 4(22.22) 103.15 £ 36.11
Age 0.00075
<20years 5(27.78) 4401 £12.57
21-40 years 6(33.33) 65.00 + 34.31
> 40 years 7 (38.89) 114.93 + 24.61
Primary tumor 0.030°
Limited to the ovaries 15(83.33) 86.53 +38.36
Extension to the pelvis or limited to the ovary with: 3(16.67) 38.85+9.94
capsule rupture, tumor on ovarian surface, or malignant
cells in ascites or peritoneal
Tumor type 0.101
Borderline 5(27.78) 136.79 +75.35
Malignant 13(72.22) 124.84 + 40.03

*p<0.05; **p<0.01;***p<0.001 ****p<0.0001

The mean H-scores for the GCT, SCST, and BOT groups were 42.52 + 11.09, 110.30 + 23.89, and 103.15 +
36.11, respectively. The results of the analysis showed that there was a significant difference in the mean H-score
based on the histopathological type (p<0.0001). Significant differences were observed between the GCT and SCST
groups (p<0.0001) and the GCT and BOT groups (p<0.001).

illustrates the expression of GnRHR-II across different histopathological types. The brown staining
in the cytoplasm indicates GnRHR-II expression, with notable differences observed between the groups. In panel
A, dysgerminoma from the GCT category shows lower staining intensity compared to panel B, which displays a
granulosa cell tumor from the SCST category. Panel C shows a mucinous cystadenoma of borderline malignancy
from the BOT category. The regions of interest (ROI), marked by the red boxes, were selected by an experienced
pathologist for consistent analysis.

Additionally, as shown in , the quantitative analysis of GnRHR-II expression highlights significant
differences between the groups. The SCST and BOT categories show much higher GnRHR-II expression compared
to the GCT category (p<0.0001 and p<0.001, respectively), consistent with the H-score findings. This visual
representation reinforces the statistical significance of GnRHR-II expression differences across the various tumor
types.

In this study, we found significant differences in GnRHR-II expression based on histopathological type
(p<0.0001), with the highest GnRHR-II expression in the SCST group (granulosa cell tumor and sertoli-leydig cell
tumor ) which was 110.30 + 23.89. Given the antitumor potential of GnRHR-II, this research can become the basis
for the development of targeted therapy with cytotoxic GnRH analogues, especially in SCST types (granulosa cell
tumor and sertoli-leydig cell tumor which express the highest GnRHR-II.

The mean H-scores for the age group <20 years, 21-40 years, and > 40 years were 44.01 + 12.57, 65.00 +
34.3,and 114.93 + 24.61, respectively. The analysis revealed significant differences in H-scores based on age group
(p<0.001) . Rmean age of the subjects was 35.17 + 18.78 years, more than half of the subjects aged <40
years (61.11%). This finding aligns with previous research which stated that 85% of dysgerminoma patients were
diagnosed at the age of less than 30 years. Yolk sac tumors are generally in the age range of 20-30 years ,
sertoli-leydig cell tumor at the age of 20-40 years , borderline ovarian tumor in 20-30 years old . Granulosa
cell tumors have a bimodal age distribution but peak incidence is in the postmenopausal period with a median age
of diagnosis of 50-55 years. Granulosa cell tumor of the adult is the most common form, comprising about 95% of
cases Most occur at an early stage, in an indolent manner. Juvenile granulosa cell tumors account for a very small
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proportion (about 5%), but in prepubertal patients and in women less than 30 years of age, juvenile granulosa cell
tumors account for about 90% of cases.

H-Score GnRHR-Il

GCT SCSTBOT
Tipe histopatologi

Figure 2. GnRHR-II expression. (A) dysgerminoma from the GCT category, (B) granulosa cell tumor from the SCST
category (C) mucinous cystadenoma of borderline malignancy from the BOT category. GnRHR-II expression is
indicated by brown staining of the cytoplasm. The size of the region of interest (ROI) indicated by the red box

was determined by an experienced pathologist. (D) Analysis of GnRHR-II expression by histopathological
type.400x magnification. (ns=not significant; ***p<0.001; ****p<0.0001).

In addition, our study found that GnRHR-II expression tended to be higher in older age groups. This is
consistent with research conducted by Zucha et al. (8) which reported GnRHR-II expression levels of 45.21 in
patients aged < 35 years compared to 66.67 in those aged > 35 years. However, this result differs with findings
by Walkiewicz et al. (23), who observed a decrease in GhRHR mRNA expression in Peripheral Blood Mononuclear
Cells (PBMC) from older individuals compared to younger ages. This discrepancy may arise from the
heterogeneous nature of the sample, which include various types of ovarian tumors with differening
characteristics. In addition, the limited samplessize restricted our abinlity to conduct a through age-based analysis
of tumor types. Thus, further research is necessary to confirm the relationship between GnRHR- Il expression and
patient age using a larger and more homogeneous sample.

In this study, the size and location of the primary tumor were classified according to AJCC7 into tumor
confined to the ovary (T1a and T1b) and tumor extension to the pelvis or tumor confined to the ovary with one of
the following: capsule rupture, tumor on ovarian surface, presence of ovarian cells malignancy in ascites or
peritoneal washings (T1c, T2a, T2b, T2c). The mean H-score for tumors confined to the ovary and tumors that
extended to the pelvis were 86.53 + 38.36 and 38.85 + 9.94, respectively. The results of the analysis showed that
there were significant differences in the H-score based on the primary tumor group (p <0.0 5) (Figure 3B).

In this study, only two types of tumors were identified, namely borderline and malignant. The mean H-
scores for the borderline and malignant groups were 136.79 + 75.35 and 124.84 + 40.03, respectively. However,
the analysis showed no significant difference in H-score based on tumor type of (p>0.05) (Figure 3C).

Borderline tumors showed higher expression of GARHR-II than malignant tumors, but this difference was
not statistically significant (p=0.101). The results of this study are in line with similar studies by Lu et al. (19)
performed on gastric cancer, lower GnRHR expression is associated with a worse prognosis in gastric cancer.
Borderline tumors are a type of tumor with low malignant potential that is usually associated with a better
prognosis than cancer (24). These findings support that increased expression of GnRHR-II in tumors may benefit
ovarian tumors through antitumor activity activated by GnRH binding to its receptor.
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Figure 3. GnRHR-II H-score analysis based on clinicopathology. (A) based on age. (B) primary tumor.
(C) tumor type (ns = not significant, *p<0.05, ***p<0.001)

3.4. Expression of Ki67 in Ovarian Tumor TMA

Ki67 expression was evaluated using IHC staining, indicating by a positive result when the tumor nucleus
stained brown due to DAB staining. GnRHR-II expression was calculated quantitatively in 4 fields of view using
the H-score. In this study, 4 staining intensities were obtained, namely negative (Figure 4A), weak positive (Figure
4B), positive (Figure 4C) and strong positive (Figure 4D). The histogram profile corresponds to the pixel intensity
values and the number of pixel intensities. The log below the histogram profile shows the accurate percentage of
the pixels present in each pixel intensity zone and their respective scores. The intensity range are defined as

follows: strong positive (0 to 60 pixels); positive (61 to 120 pixels); weak positive (121 to 180 pixels); and negative
(181 to 235 pixels) (14).

[ L w0 m E3 E » e 200 200 [ El 3 1, e 20 200
ba o 7 e o - b P o
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Figure 4. Ki67 immunohistochemical staining intensity, histogram profile and score were obtained
semiautomatically using IHC profiler. Intensity range for strong positive zone from 0 to 60 pixels, 61 to 120
pixels for positive zone; 121 to 180 pixels for weak positive zone; and 181 to 235 for the negative zone. (A)

Negative with a histogram peak at 190 pixels. (B) Weak positive with a histogram peak at 160 pixels. (C) Positive
with a histogram peak at 140 pixels. (D) Strong positive with a histogram peak at 40 pixels. 400x magnification.
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The mean H-score for Ki67 in this study was 78.59 + 39.47. Most subjects exhibited weak positive staining
intensity (55.56%), followed by positive staining (33.33%). Strong positive and negative intensities were observed
in 5.56% of the subjects each. The staining intensity data are presented in

Table 4. Ki67 staining intensity

Negative Weak positive Positive Sot;iotrilvge H-score
N (%) N (%) N (%) pN ) Mean + SD
Whole tumor 1(5.56) 10 (55.56) 6(33.33) 1(5.56) 128.16 +49.97

3.5. Correlation of GnRHR-II Expression and Proliferative Activity

The correlation coefficient between GnRHR-II and Ki67 was calculated to be -0.043. A correlation coefficient
of 0.0 to <0.2 indicates a very weak correlation, and the negative sign indicates the opposite direction of
correlation, the greater the value of one variable, the smaller the value of the other variable. The p-value of 0.866
indicates no significant correlation results between the two variables

Table 5. Correlation of H- score GnRGR-II and Ki67

H-scores
Parameter Mean + SD R P value
GnRHR-II 78.59 +39.47
Ki67 128.16 + 49.97 -0.043 0.866
The direction of the correlation is depicted in the scatter diagram in . This study is the first study to

examine GnRHR-II expression in rare ovarian tumors, so that the GnRHR-II H-score threshold value can be
calculated by the equation obtained, where the Ki67 H-score threshold that causes increased proliferation is >30.
With cut-off Ki67 = 30; then the GnRHR-II cut off is as follows: y = 82.92 - 0.03 x. Based on this formula, the
threshold for GnRHR-II expression is detemined to be 82.02.

R? Linear = 0.002

140 00+

12000

%o

100 .00

o

80,00 y=82.92-0.03*x|Q

L=}

H-score GnRHR-II

60,00 @

40,00 ©

20004

T T T T T
00 50.00 100.00 150,00 20000 250,00
H-score Ki67

Figure 5. GnRHR-II and Ki67 H-score correlation scatter diagram
GnRHR-II and Ki67 expression was also categorized into low and high. The results of the analysis showed

that there was no significant relationship between the expression levels of GnRHR-II and Ki67 (p=1.000) presented
in

Table 6. Correlation of GnRGR-II and Ki67 category

Ki67 P value
Low High
Low 1(5.56%) 9 (50.00%)
GnRHR-II High 0(0%) 8 (44.44%) 1.000
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This study demonstrated a very weak negative correlation between GnRHR-I1 and Ki67 expression.
In this context, Ki67 serves as as a marker of cell proliferation, indicating that the higher the GnRHR-II
expression are asscoaited with lower the cell proliferation activity. These findings support previous research
that GnRH can provide antiproliferative effects through regulation of the Akt/ERK1/2 pathway and is able
to inhibit cell apoptosis in Pancl cells (pancreatic cancer) . The results are consistent with research by
Marelli et al. which showed that GnRH-II has a specific and significant antiproliferative effect on
prostate cancer cells.

Based on the findings, higher expression of GnRHR-II is correlated with lower proliferative activity.
However, this relationship exhibits very weak correlation strength and is not statistically significant. The
mechanisms and signaling pathways involved are not fully understood in this study. This weak correlation
indicates the possibility of a signaling pathway or other mechanism that also influences proliferative activity
and intersects with the GnRH-I1 signaling pathway. Higher expression of GhnRHR-11 was also significantly
associated with tumors confined to the ovary, indicating that GnRHR-II has a role in antiproliferative
mechanisms leading to smaller tumor sizes. In addition, GhnRHR-II has also been shown to be involved in
suppressing malignant transformation in relation to antiproliferative activity. In this study, expression of
GnRHR-II in borderline tumors was higher than that of malignant tumors, but these results were not
statistically significant, indicating that other signaling pathways were involved. which also affect the
malignant transformation of a tumor.

This study has several limitations; 1) It utilized commercial TMA samples originating from the
United States, which mean the findings may not be applicable to the general population in Indonesia.
Nevertheless, employing TMA is beneficial for preliminary study; 2) The use of commercial TMA is also
limited by the scarcity of clinical data provided by the manufacturer; 3) The study employed a semi-
automated observation method using software, which introduces the potential for bias, particularly since
the software cannot automatically distinguish between normal, tumoral, and stromal tissues. This issues
can be addressed by manually selecting the region of interest (ROI) and setting the threshold prior to
analysis, which mis why the method is described as semi-automatic.

4. CONCLUSIONS

Higher expression of GnRHR-II is significantly correlated with the type of Sex-Cord Stromal Tumor type,
individuals over 40 years of age, and tumors that are confined to the ovary. Additionally, its is correlates with
lower proliferative activity, although this correlation is very weak.
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