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Abstract

Background: Ovarian serous tumors are the most common epithelial tumors in premenopausal and postmenopausal, 60%
of the most common cases are ovarian cystadenoma, 25% of low grade and highgrade serous carcinoma. Tumor infiltrating
lymphocytes (TILs) is used to predict the prognosis some solid tumors. SRY (sex determining region Y)-box 2 (SOX2) is
a transcription factor. High SOX2 in ovarian tumors associated with reduced disease-free survival.

Research Objective: To determine the relationship between SOX2 expression and TILs in patients with a diagnosis of
ovarian serous tumor at the Anatomic Pathology Laboratory, USU Medical Faculty and RSUP. H. Adam Malik Medan.
Materials and Methods: 39 samples histopathological slides with a diagnosis of ovarian serous tumor, slide review was
performed and TILs assessed and then SOX2 immunohistochemical staining and then analyzed for correlation between
variables using Eta test (p<0.001) and Somer'sd test (p=0.120).

Results: The highest expression of SOX2 high was in the highgrade serous carcinoma subtype in 9 (23.1%) cases. Most
cases were also found in low SOX2 expression with low iTILs in 20 (51.3%) cases and low SOX2 expression with low
STILs in 16 (41.0%) cases. There was a significant relationship between subtypes and SOX2 expression (p < 0.001) and the
Somers'd correlation showed no significant relationship between SOX2 and TILs (p =0.120).

Conclusion: In this study, there was a correlation between tumor subtypes and SOX2 expression and there was no
correlation between SOX2 expression and TILs in ovarian serous tumors.

Keywords: Sex determining region Y box 2, ovarian serous tumor.

INTRODUCTION

Ovarian tumors are neoplasms found in the female genital system with an incidence of 30% of all
cancers in the female genitalia.® These tumors can originate from the epithelium, germ cells, stromal cells and
tumor metastases to the ovaries.? Epithelial ovarian tumors are the result of a group of changes and genetic
mutations that cause unusual transformation of epithelial cells, stem cells or metaplasia in the primary tumor
area, either from the ovary or fallopian tube.® One type of ovarian epithelial tumor is ovarian serous tumor.
Based on the WHO classification 2020, serous ovarian tumors are divided into 3 parts, namely serous
cystadenoma NOS, borderline serous tumor and serous carcinoma.* Almost 90% of all serous ovarian tumors
are epithelial types characterized by diverse and molecular histopathological features.®

Based on data from the Global Burden of Cancer (GLOBOCAN) released by the World Health
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Organization (WHO) stated that the number of new cases discovered in 2020 was 313,959 cases and 207,252
deaths in the world.6 In Indonesia, the incidence of ovarian cancer in 2020 was recorded as 14,896 (3.8%) new
cases with an incidence rate of 10.0 per 100,000 population. Ovarian cancer also has a high mortality rate,
which is 6.6 per 100,000.5 Based on data from Lithangkes (2019), ovarian cancer ranks 3rd most cases of cancer
in women in Indonesia after breast cancer and cervical cancer.* Ovarian serous tumors are the most common
type of the 4 common types of epithelial tumors on the ovary as much as 35-40% of all epithelial ovarian tumors
with variations in patient age ranging from 40-60 years.” Ovarian serous tumors also are the most common
epithelial tumors in premenopausal and postmenopausal, 60% of the most common cases are ovarian
cystadenoma, 25% of low grade and highgrade serous carcinoma.®

Sex-determining region Y box containing (SOX) is a transcription factor that plays an important role
as a tumor suppressor or promoter in carcinogenesis. Based on some evidence shows that SOX protein plays a
role in various tumor events such as migration, development, proliferation, regulation and differentiation of
cells and apoptosis. The role of SOX-genes is currently a focus in the field of research due to an increase in
morbidity and mortality from the incidence of gynecological cancer from year to year. The level of expression
of SOX-genes is considered a biomarker associated with clinical features in gynecologic cancer patients.
Therefore, SOX-genes are very important in the development of diagnostic, therapeutic and prognostic
patients.®1°

Sex-determining region Y (SRY)-box 2 (SOX2) is a group of SOX genes consisting of transcription
factors that are important in the regulation of developmental processes and cell type specification.
Overexpression of the SOX2 gene was found in at least 25 types of cancer.!! In advanced ovarian cancer, SOX2
expression was found to be higher. High SOX2 overexpression in ovarian cancer is associated with decreased
disease-free survival.’? The SOX2 gene (sex-determining region Y (SRY)-box 2) is located on chromosome
3p26.3-g27 and encodes a protein of 317 amino acids consisting of three the main domains, namely: the high
mobility group (HMG) domain at the N-terminal, the dimerization domain (DIM) at the center and
transactivation (TAD) and the C-terminal domain. As a transcription factor, SOX2 recognizes and binds to the
promoter of various target genes via its TAD domain to transactivate or suppress their expression thereby
regulating various physiological processes. SOX2 has an important role in maintaining the stem cell phenotype
of embryonic stem cells (ESCs).13

High SOX2 expression may serve as a prognostic biomarker. This is due to the importance of SOX2
in the initiation and progression of tumorigenesis. Overexpression or amplification of SOX2 is frequently
observed in various tumor types but is still correlated with prognostication of patient survival.*® Lee, J, et al
(2021) conducted a study on the prognostic value of SOX2 and CD8+ TILs in small cell lung carcinoma
(SCLC). SOX2 is a transcription factor that regulates the neuronal differentiation of pluripotent and embryonic
stem cells into neuroendocrine cells during lung development. The number of CD8+ TILs and the expression
level of SOX2 were evaluated by immunohistochemistry using paraffin-embedded tissue sections. SOX2 is
involved in carcinogenesis including small cell lung carcinoma (SCLC). In in vitro studies, suppression of the
SOX2 gene blocks the proliferation of SCLC cell lines. In a clinical study, high SOX2 expression in SCLC was
significantly associated with poor prognosis.**

Tumor Infiltrating Lymphocytes (TILs)consists of a heterogeneous collection of lymphoid cells that
exhibit diverse antitumor activity and spatial distribution, characterized by the expression of several molecular
biomarkers such as CD8, CD3, CD4, CD103 and PD-1.15 Accumulation of TILs in ovarian cancer is prognostic
for increased survival while increasingimmunosuppressive regulatory T cells (Tregs)associated with poor
outcomes. Approaches that favor tumor-reactive TILs may limit tumor progression. However, identifying
tumor-reactive TILs in ovarian cancer remains a challenge.

To date, there has been no research on the relationship between SOX2 expression and TILs in ovarian
cancer. Therefore, the researcher wanted to know the expression and relationship based on SOX2 subtype to
histopathological tissue TILs with the diagnosis of serous ovarian tumors in patients in Medan.
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MATERIALS AND METHODS

There were 39 samples histopathological slides with a diagnosis of ovarian serous tumor that were
collected in Adam Malik General Hospital Medan, after obtaining approval from the Health Research Ethics
Committee, Faculty of Medicine, University of North Sumatra.

Slides were reviewed,then serous ovarian tumor TILs were assessed double blind by the researcher
and two anatomic pathologists, then SOX2 immunohistochemical staining was performed SOX2 monoclonal
mouse antibody (Bioassay Technology Laboratory) at a dilution of 1:200 and the expression was assessed.
Bivariate analysis is used to see the relationship between two variables. The relationship of SOX2 with ovarian
serous tumor subtypes using the ETA correlation test, while to see the relationship of SOX2 with iTILs and
STILS using the Somers correlation test. The p value < 0.005 was stated to be statistically significant.

RESULTS

In this study, the number of samples obtained was 39 samples that met the inclusion criteria in this
studyAdam Malik General Hospital Medanwhich aims to determine the expression of SOX2 (sex-determining
region Y (SRY)-box 2) with TILs (Tumor Infiltrating Lymphocytes) in ovarian serous tumors.
Table 1. Frequency Distribution of Age, Tumor Subtype, Size, SOX2 Expression, TILs Expression.

Amount Percentage
age
@® <50 years 18 46.2
@® 50 -60 years 14 35.9
@® >60 years 7 17.9
Ovarian involvement and tumor size
Unilateral ovary
Right Ovary
<8cm 4 10.2
8cm 4 10.2
Left Ovary
<8cm 8 20.5
8cm 10 25.6
Bilateral ovaries
<8cm 5 12.8
8cm 8 20.5
Ovarian serous tumor subtype
@ Benign 20 51.3
@ Borderline 0 0
® LowGrade 2 5.1
® High Grade 17 aad
SOX2 Expression
® LowGrade 28 71.8
® High Grade 1 28.2
iTIL expression
® Low 30 76.9
® High 9 23.1
STILs . expression
® Low 24 61.5
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@ High 16 38.5

Based on Table 1, the distribution of ovarian serous tumor samples was the most in the age group<50
years were 18 cases (46.2%), followed by the age group 50-60 years with 14 cases (35.9%), and >60 years with
7 cases (17.9%).The mean age of the patients in this study ranged from52.23+8.16years, where the youngest is
40 years old and the oldest is 70 years old. In this study also found the most benign serous tumors at the age
<50 years as many as 10 cases and low grade serous tumors at the age> 50 years as many as 2 cases. In high
grade serous tumors, there was no age difference between >50 and <50 years, as many as 9 and 8 cases,
respectively.

This study investigated the size of ovarian serous tumors and divided them based on unilateral and
bilateral ovarian involvement, where ovarian serous tumors were more common in 26 (66.6%) cases unilaterally
than bilaterally in 13 (33.3%) cases. Unilateral serous ovarian tumors were more common in the left ovary as
many as 18 cases with the most tumors measuring 8 cm in 10 cases (25.6%) compared to tumors measuring <8
cm in 8 (20.5%) cases. On the unilateral right ovary, an even distribution was found between tumors measuring
8 cmand <8 cm, in 4 (10.2%) cases. Bilateral serous ovarian tumors were more common with tumors measuring
8 cm in 8 (20.5%) cases compared to tumors measuring <8 cm in 5 (12.8%) cases.

Based on microscopic examination of ovarian serous tumor samples with hemaktoxylin and eosin
staining, sovarian tumor subtypes were divided into four groups. Most of the patients had benign serous tumors
in 20 cases (51.3%), followed by high grade serous tumors in 17 cases (43.6%), low grade serous tumors in 2
cases (5.1%) and no cases found. -cases of serous borderline tumors.

Based on the expression of SOX2, the majority of cases expressed low grade as many as 28 cases
(71.8%) compared to high grade which were found to be 11 cases (28.2%). Assessment of iTILs expression
was found to be mostly low expressed in 30 (76%) cases compared to high expression which was found in 9
cases (23.1%). Expression of sTILs was also found mostly in low expression in 24 cases (61.5%) compared to
high expression in 16 cases (38.5%).

Table 2. Distribution and Correlation of Ovarian Serous Tumor Subtypes with SOX2 Expression.
SOX2 Expression

Total

Variable Low High value p*
f(%0) f(%0) f(%0)
Serous Tumor
Benign 20 (51.3) 0(0,0) 20 (51.3)
Borderline 0 (0,0) 0 (0,0 0(0,0) 0.681 <0.001
Low Grade 0(0,0) 2(51) 2(51)
High Grade 8 (20.5) 9(23.1) 17 (43.6)
Total 28 (71.8) 11 (28.2) 39 (100.0)

*) Eta correlation test

In table 2, the analysis between SOX2 expression and ovarian tumor subtypes found that cases with
high SOX2 expression were mostly found in the high grade serous carcinoma subtype as many as 9 (23.1%)
cases, followed by low grade serous carcinoma which was found in 2 (5 ,1%) cases and found no positive
benign serous tumor with high SOX2 expression. On the other hand, most of the SOX2 expression was low in
the subtype of benign serous tumor in 20 (51.3%) cases followed by high grade serous carcinoma which was
found in 8 (20.5%) cases. The results of the Eta correlation test between ovarian serous tumor subtypes and
SOX2 expression showed that there was a significant correlation, with p < 0.001 (p < 0.005).
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Table 3. Distribution and Correlation of SOX2 Expression with iTILs Expression
iTIL expression

Total

Variable Low High value  P*
f(%) f(%) f(%)
SOX2 Expression
Low 20 (51.3) 8 (20.5) 28 (71.8) -0.195 0.120
High 10 (25.6) 1(2.6) 11 (28.2)
Total 30 (76.9) 9(23.1) 39 (100.0)

*) Somers'd correlation test

In table 3, the analysis of the correlation between SOX2 expression and TILs in this study shows that
high SOX2 expression was more commonly found in the group with low iTILs expression in 10 (25.6% cases)
compared to high iTILs expression which was found in 1 (2 ,6%) cases. Likewise, low SOX2 expression was
also more commonly found in the group with low iTILs expression in 20 (51.3%) cases compared to high iTILs
expression in 10 (25.6%) cases. The results of the Somers'd correlation test between SOX2 expression and
iTILs did not show a significant correlation (p>0.005).

Table 4. Distribution and Correlation of SOX2 Expression with Expression of sTILs.
STILs . expression

Total valu

Variable Low High o p*
f(%0) f(%0) f(%0)
SOX2 Expression -
Low 16 (41.0) 12 (30.8) 28 (71.8) 0.16  0.346
High 8 (20.5) 3(7,7) 11 (28.2) 6
Total 24 (61.5) 16 (38.5) 39 (100.0)

*) Somers'd correlation test

Table 4 shows that the highest expression of SOX2 was found in the low expression of sTILs in 8
cases (20.5%) compared to the high expression of sTILs in 3 cases (7.7%). The lowest expression of SOX2 was
found in the low expression of sTILs in 16 (41%) cases compared to the high expression of STILs in 12 (30.8%)
cases. The low expression of SOX2 was expressed the most in the low expression of str-TILs in 16 (41%) cases
compared to the high expression of sTILs in 12 (30.8%) cases. The results of the correlation test of SOX2
expression with sTILs, it was found that there was no significant correlation between SOX2 expression and
sTILs, with a p value of 0.346 (<0.005).
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DISCUSSION

In this study, controversial results were found where patients with high grade ovarian serous tumors
were most commonly found in the <50 years age group (46.2%). Based on the literature, it was found that the
majority of patients with ovarian serous tumors were 40-60 years old.4 Research by Nicole et al. found a mean
age of 33 - 88 years.’® This is in contrast to the study conducted by Kim et al. which showed that serous ovarian
tumors were more common in the age group >60 years (35.8%), followed by the age group 50-59 years (32.2%),
and <50 years (32.1%).1” Some Age differences are caused by several etiological factors, including genetic
deviations that are influenced by hormone exposure and inherited susceptibility genes.

Based on the histopathological subtype of ovarian serous tumor, the most common benign subtype
found in this study. Nicole et al. found that the most cases were found in serous ovarian tumor with high grade
subtype as many as 19 samples followed by cystadenoma in 11 samples and borderline in 1 sample.'® Research
by Xua et al. found 55 cases (67%) of high grade subtype, while in 27 cases (33%) other types.®

This study investigated the size of ovarian serous tumors and divided them based on unilateral and
bilateral ovarian involvement, where ovarian serous tumors were more common in 26 (66.6%) cases unilaterally
than bilaterally in 13 (33.3%) cases. Unilateral serous ovarian tumors were more common in the left ovary in
18 cases with the most tumors measuring 8 cm in 10 cases (25.6%) compared to tumors measuring <8 cm in 8
cases (20.5%). On the unilateral right ovary, an even distribution was found between tumors measuring 8 cm
and <8 cm, in 4 (10.2%) cases. Bilateral serous ovarian tumors were more common in 8 cases (20.5%) with
tumors measuring 8 cm compared to 5 cases (12.8%) with tumors measuring <8 cm. The size of the tumor is
radiologically important for examination and can provide clues for diagnosing serous ovarian tumors, both
benign and malignant. Thus, the radiologist should be aware of this entity and familiar with its radiological
findings in order to optimize the imaging protocol in order to obtain appropriate treatment. The size of the
tumor in this study, both unilateral and bilateral ovarian involvement, the results were the same, which was
more commonly found in the size 8 cm and mostly found in the left ovary (25.6%). The research of Amante et
al. explained that the tumor size radiologically in serous ovarian tumors was >5c¢m.20 The radiologist should
be aware of this entity and familiar with its radiological findings in order to optimize the imaging protocol in
order to obtain appropriate treatment. The size of the tumor in this study, both unilateral and bilateral ovarian
involvement, the results were the same, which was more commonly found in the size 8 cm and mostly found
in the left ovary (25.6%). The research of Amante et al. explained that the tumor size radiologically in serous
ovarian tumors was >5cm.?° The radiologist should be aware of this entity and familiar with its radiological
findings in order to optimize the imaging protocol in order to obtain appropriate treatment. The size of the
tumor in this study, both unilateral and bilateral ovarian involvement, the results were the same, which was
more commonly found in the size 8 cm and mostly found in the left ovary (25.6%). The research of Amante et
al. explained that the tumor size radiologically in serous ovarian tumors was >5cm.20Pannu's study found that
the size of the serous ovarian tumor was borderline different with unilocular and multilocular CT scans, found
to be 1-5 cm in size with bilateral ovarian involvement.?

This study found low grade SOX2 expression in benign serous tumors as much as 51.3%. On Research
Ye et al. Immunohistochemical results showed that the positive ratio of SOX2 expression gradually increased
from benign and borderline ovarian tumors to malignant as much as 55.81% normal ovarian epithelium 65%
serous and mucinous cystadenomas, 70% borderline serous and mucinous cystadenomas, and 91% serous and
mucinous cystadenocarcinomas, respectively each expresses SOX2.2?

High SOX2 expression may serve as a prognostic biomarker. This is due to the importance of SOX2
in the initiation and progression of tumorigenesis. Overexpression or amplification of SOX2 is often observed
in various tumor types but is still correlated with prognostication of patient survival. During lung tumorigenesis,
SOX2 amplification is more common in high-grade lesions than in low-grade lesions that develop into
malignant tumors.*
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Research conducted by James et al. showed that TILs were associated with histopathological subtypes
for all tumors whereas high expression of iTILs and sTILs was associated with a better prognosis. The better
prognostic effect on iTILs may be due to activation of iTILs with target cells at the T cell receptor. The lower
prognostic effect on sTILs may be due to sTILs not belonging to the tumor microenvironment secreted by tumor
cells and/or other stromal cells, to avoid attacks by the immune system.?

In this research, hthere was no association between SOX2 expression and intratumoral TILs and
stromal TILs. To date, there have been no studies examining the relationship between SOX2 expression and
TILs in serous ovarian tumors. However, several studies have shown that high SOX2 expression in ovarian
serous tumors is associated with tumor aggressiveness. This indicates the important role of SOX2 in
maintaining the basic characteristics of ovarian serous tumors. Expression of SOX2 in cells that cause ovarian
serous tumor spread allows tumors to withstand conventional chemotherapy and enhances their
tumorigenicity77 However, a study by Le et al on small cell lung carcinoma that did not differentiate between
intratumoral and stromal TILs found that high SOX2 and CD8+ TIL expression indicated high overall survival
(OS) and progression free survival (PFS). *

CONCLUSION

This study showed that there was a correlation between tumor subtypes and SOX2 expression and
there was no correlation between SOX2 expression and TILS in ovarian serous tumors.
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