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Abstract

Background: Ovarian serous tumors are the most common epithelialrtuimgremenopausal and postmenopausal, 60%
of the most common cases are ovarian cystadenomapP®¥ grade and highgrade serous carcinoma. Tumor infiltyat
lymphocytes (TILs)s usedto predict the prognosis some solid tumors. SRY (sexm@ting regionY)-box 2 (SOX2)s

a transcription factor. High SOX& ovarian tumors associated with reduced disease-frel@au

Research Objective: To determine the relationship between SOX2 expressiorTHusdin patients with a diagnosis of
ovarian serous tumat the Anatomic Pathology Laboratory, USU Medical Faculty RSUPH. Adam Malik Medan.
Materials and Methods: 39 samples histopathological slides with a diagnosivafian serous tumor, slide review was
performed and TILs assessed and then SOX2 immunohistochestsitahg and then analyzed for correlation between
variables using Eta test (p<0.001) and Somer'sd testl(p30

Results: The highest expression of SOX2 high was in the highgradeisearcinoma subtype in 9 (23.1%) cases. Most
cases were also found in low SOX2 expression with low iTHL80 (51.3%) cases and low SOX2 expression with low
sTILsin 16 (41.0%) cases. There was a significant relationsitipelka subtypes and SOX2 expresgir 0.001) and the
Somers'd correlation showed no significant relationsbipreen SOX2 and TIL& = 0.120).

Conclusion: In this study, there was a correlation between tumor sub@pesSOX2 expression and there was no
correlation between SOX2 expression and TiLevarian serous tumors.

Keywords: Sex determining region Y bd¥ ovarian serous tumor.

INTRODUCTION

Ovarian tumors are neoplasms found in the female gesystém with an incidence of 30% of all
cancers in the female genitaliZhese tumors can originate from the epithelium, gerrs,cstiomal cells and
tumor metastases to the ovarid@spithelial ovarian tumors are the result of a grofiphmnges and genetic
mutations that cause unusual transformation of epithaditd, stem cells or metaplasia in the primary tumor
area, either from the ovary or fallopian tith@ne type of ovarian epithelial tumor is ovarian serousotum
Basedon the WHO classification 2020, serous ovarian tumors avielatl into 3 parts, namely serous
cystadenoma NOS, borderline serous tumor and serousaraeciriimost 90% of all serous ovarian tumors
are epithelial types characterized by diverse and molegistmpathological featurés.

Basedon data from the Global Burdeof Cancer (GLOBOCAN) released by the World Health
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Organization (WHO) stated that the number of new caseewtised in 2020 was 313,959 cases and 207,252
deathsn the world.6In Indonesia, the incidenaé ovarian cancein 2020 was recordems 14,896 (3.8%) new
cases with an incidence rate of 10.0 per 100,000 population. Ovani@er also has a high mortality rate,
whichis 6.6 per 100,000Basecn data from Litbangkes (2019), ovarian cancer ranks 3rd cass®f cancer

in women in Indonesia after breast cancer and argancer. Ovarian serous tumors are the most common
type of the 4 common types of epithelial tumamghe ovaryasmuchas35-40%of all epithelial ovarian tumors
with variations in patient age ranging from 40-60 yéa@yarian serous tumors also are the most common
epithelial tumorsin premenopausal and postmenopausal, G#%he most common cases are ovarian
cystadenoma, 25%f low grade and highgrade serous carcinéma.

Sex-determining region Y box containing (SOX) is a trapsion factor that plays an important role
as a tumor suppressor or promoter in carcinogenegssedon some evidence shows that SOX protein plays a
role in various tumor events such as migration, developrpegiiferation, regulation and differentiation of
cells and apoptosis. The role of SOX-genes is currenfbcus in the field of research due to an increase in
morbidity and mortality from the incidence of gynecobtagicancer from year to year. The level of expression
of SOX-genes is considered a biomarker associated wititadlifeatures in gynecologic cancer patients.
Therefore, SOX-genes are very importarih the development of diagnostic, therapeutic and prognostic
patients>10

Sex-determining region Y (SRY)-box 2 (SOX2) is a group of SOX germessisting of transcription
factors that are importanin the regulationof developmental processes and cell type specification.
Overexpressionf the SOX2 gene was foumtat least 25 types of cancrln advanced ovarian canc&QX2
expression was found to be higher. High SOX2 overexijpregs ovarian cancer is associated with decreased
disease-free survivat. The SOX2 gene (sex-determining region Y (SRY)-box 2) is Idcatechromosome
3p26.3-g27 and encodes a protein of 317 amino acids consistimgefthe main domains, namely: the high
mobility group (HMG) domainat the N-terminal, the dimerization domain (DIMY} the center and
transactivation (TAD) and the C-terminal domain. Asascription factor, SOX2 recognizes and binds to the
promoter of various target genes via its TAD domain to &etinveate or suppress their expression thereby
regulating various physiological processeOX2hasanimportant rolén maintaining the stem cell phenotype
of embryonic stem cells (ESCS).

High SOX2 expression may serve as a prognostic biomarkes.is due to the importance of SOX2
in the initiation and progression of tumorigenesis. @xpression or amplification of SOX2 is frequently
observed in various tumor types but is still correlated witlymostication of patient survivat.Lee, J, et al
(2021) conducted a study on the prognostic value of SOX2 and C&+n small cell lung carcinoma
(SCLC).SOX2is a transcription factor that regulates the neuronal diffexton of pluripotent and embryonic
stem cells into neuroendocrine cells during lung devetopinThe number of CD8+ TILs and the expression
level of SOX2 were evaluated by immunohistochemistrpgigiaraffin-embedded tissue sections. SOX2 is
involved in carcinogenesis including small cell lungcgamma (SCLC). In in vitro studies, suppression of the
SOX2gene blocks the proliferatiasf SCLC cell linesln a clinical study, higlsOX2expressiorin SCLC was
significantly associated with poor progno¥is.

Tumor Infiltrating LymphocytesTlLs)consists of a heterogeneous collection of lymghaglls that
exhibit diverse antitumor activity and spatial distribatioharacterized by the expression of several molecular
biomarkers suchsCD8, CD3, CD4, CD103 arfeD-1.1°* Accumulationof TILs in ovarian canceis prognostic
for increased survival while increasingimmunosuppressivelaggy T cells (Tregs)associated with poor
outcomes. Approaches that favor tumor-reactive TILs firait tumor progression. However, identifying
tumor-reactive TILs$n ovarian cancer remains a challedge.

To date, there has beap researcton the relationship betwee®OX2 expression and TILis ovarian
cancer. Therefore, the researcher wanted to knowxtression and relationship based on SOX2 subtype to
histopathological tissue TILs with the diagnosis of gsravarian tumorm patientsn Medan.
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MATERIALS AND METHODS

There were 39 samples histopathological slides with gnd&s of ovarian serous tumor that were
collected in Adam Malik General Hospital Medan, aftbtaming approval from the Health Research Ethics
Committee, Faculty of Medicine, University of North Suraat

Slides were reviewed,then serous ovarian tumor TILs weesses$ double blind by the researcher
and two anatomic pathologists, then SOX2 immunohistoddestaining was performed SOX2 monoclonal
mouse antibody (Bioassay Technology Laboratory) aludiath of 1:200 and the expression was assessed.
Bivariate analysiss usedto see the relationship between two variables. Tlatioalshipof SOX2with ovarian
serous tumor subtypes using the ETA correlation test, whisee the relationship of SOX2 with iTILs and
STILS using the Somers correlation test. The p valu®8S0wvas statetb be statistically significant.

RESULTS

In this study, the number of samples obtained was 39 sathplemet the inclusion criteria in this
studyAdam Malik General Hospital Medanwhich aims to deteerttie expression of SOX2 (sex-determining
region Y (SRY)-box 2) with TILs (Tumor Infiltrating Lymphocytds) ovarian serous tumors.
Table 1. Frequency Distribution of Age, Tumor Subtype, SB®X2 Expression, TILs Expression.

Amount Per centage
age
® <50 years 18 46.2
® 50-60years 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 seroustumor subtype
@ Benign 20 51.3
® Borderline 0 0
® LowGrade 2 5.1
@® High Grade 17 43.6
SOX2 Expression
® LowGrade 28 71.8
® High Grade 11 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 tgamples was the most in the age group<50
years were 18 cases (46.2%), followed by the age gro@p $€ars withl4 cases (35.9%), and >60 years with
7 cases (17.9%).The mean afi¢he patientin this study ranged from52.23+8.16years, where the youigyest
40 years old and the oldeast70 years oldin this study also found the most benign serous tuiidise age
<50 years as many as 10 cases and low grade serous tartharsge> 50 years as many as 2 cases. In high
grade serous tumors, there was no age difference betv#eand <50 years, as many as 9 and 8 cases,
respectively.

This study investigated the size of ovarian serous tuarwdsdivided them based on unilateral and
bilateral ovarian involvement, where ovarian serousstsnvere more comman 26 (66.6%) cases unilaterally
than bilaterally in 13 (33.3%) cases. Unilateral serous avawimors were more common in the left ovary as
manyas18 cases with the most tumors measurieg® 10 cases (25.6%) compartedumors measuring8
cmin 8 (20.5%) case®©n the unilateral right ovarygneven distribution was found between tumors measuring
8 cmand<8 cm,in 4 (10.2%) cases. Bilateral serous ovarian tumors were commmon with tumors measuring
8.cmin 8 (20.5%) cases comparedumors measuring8 cmin 5 (12.8%) cases.

Based on microscopic examination of ovarian serous turmoplea with hemaktoxylin and eosin
staining, sovarian tumor subtypes were divided into foaugs. Mosbf the patients had benign serous tumors
in 20 cases (51.3%), followed by high grade serous tumors ins&g (43.6%), low grade serous tumors in 2
cases (5.1%) amib cases found. -casefserous borderline tumors.

Based on the expression of SOX2, the majority of cagpsessed low grade as many as 28 cases
(71.8%) compared to high grade which were found to be 11 cas@8uj2@ssessment of iTILs expression
was found to be mostly low expressed in 30 (76%) cases contpanagh expression which was found in 9
cases (23.1%). Expression of sTILs was also found mostiyiexXpression in 24 cases (61.5%) compared to
high expressiom 16 cases (38.5%).

Table 2. Distribution and Correlation of Ovarian Serous Tumor SusywithSOX2Expression.

SOX2 Expression
Variable Low High Tota value p*
f(%) f(%) f(%)
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(5,1) 251
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 andaovannor subtypes found that cases with
high SOX2 expression were mostly found in the high gradmisesarcinoma subtype as many as 9 (23.1%)
cases, followed by low grade serous carcinoma which was fouad5 ,1%) cases and found no positive
benign serous tumor with high SOX2 expression. On the hred, most of the SOX2 expression was low in
the subtype of benign serous tumor in 20 (51.3%) cases folloybéhh grade serous carcinoma which was
found in 8 (20.5%) cases. The results of the Eta correlaggirbetween ovarian serous tumor subtypes and
SOX2expression showed that there was a significant camelatith p < 0.00Xp < 0.005).
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Table 3. Distribution and Correladin of SOX2 Expression with iTILs Expression
iTIL expression

Variable Low High Tota 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 ssipreand TILs in this study shows that
high SOX2 expression was more commonly foundhe group with low iTILs expressian 10 (25.6% cases)
compared to high iTILs expression which was found in 1 (2 ,6%&schskewise, low SOX2 expression was
also more commonly fourid the group with low iTILs expressian 20 (51.3%) cases compattedigh iTILs
expression in 10 (25.6%) cases. The results of the Somersithtion test between SOX2 expression and
iTILs did not show a significant correlation (p>0.005).

Table 4. Distribution and Correlationf SOX2 Expression with Expressiaf sTILs.
STILs. expression

Variable Low High Total valu s
(%) (%) (%) ©
SOX2 Expression -
Low 16 (41.0) 12(30.8) 28(71.8) 016 0.346
High 8(205) 3 (7.7) 11(282) 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 fiouthe low expression of sTILs in 8
cases (20.5%) compartmithe high expressioof sTILsin 3 cases (7.7%). The lowest expressibBOX2was
foundin the low expressionf sTILsin 16 (41%) casscomparedo the high expressioof sTILsin 12 (30.8%)
cases. The low expressiohSOX2was expressed the mastthe low expressioof str-TILsin 16 (41%) cases
compared to the high expression of sTILs in 12 (30.8%) casesreBhlts of the correlation test of SOX2
expression with sTILs, it was found that there was gnitant correlation between SOX2 expression and
sTILs, with a p valuef 0.346 (<0.005).
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DISCUSSION

In this study, controversial results were found where pistieith high grade ovarian serous tumors
were most commonly found in the <50 years age group (46.2%¢dBm the literature, it was found that the
majority of patients with ovarian serous tumors were 40-60 years Rkekdarch by Nicoletal. found a mean
ageof 33 - 88 year& Thisisin contrasto the study conducted by Kigt al. which showed that serous ovarian
tumors were more commanmthe age group >60 years (35.8%), followed by the age §@59 years (32.2%),
and <50 years (32.1%j).Some Age differences are caused by several etiologic@ir$a including genetic
deviations that are influenced by hormone exposure andtedhsusceptibility genes.

Based on the histopathological subtype of ovarian serous ttineomost common benign subtype
found in this study. Nicolet al. found that the most cases were foimserous ovarian tumor with high grade
subtypeasmanyas19 samples followed by cystadenomd 1 samples and borderliie 1 samplé® Research
by Xuaet al. found 55 cases (67% high grade subtype, while 27 cases (33%) other typ¥s.

This study investigated the size of ovarian serous tuarwdsdivided them based on unilateral and
bilateral ovarian involvement, where ovarian serous tarwere more comman 26 (66.6%) cases unilaterally
than bilaterally in 13 (33.3%) cases. Unilateral serous avamiaors were more common in the left ovary in
18 cases with the most tumors measuring 8 cm in 10 c&sé8qRcompared to tumors measuring <8 cm in 8
cases (20.5%). On the unilateral right ovary, an even distributas found between tumors measuring 8 cm
and <8 cm, in 4 (10.2%) cases. Bilateral serous ovariaorfumere more common in 8 cases (20.5%) with
tumors measuring 8 cm compared to 5 cases (12.8%) with sumeaisuring <8 cm. The size of the tumor is
radiologically important for examination and can provide clieesdiagnosing serous ovarian tumors, both
benign and malignant. Thus, the radiologist should beewfthis entity and familiar with its radiological
findings in order to optimize the imaging protocol in ordeobtain appropriate treatment. The size of the
tumor in this study, both unilateral and bilateral csarinvolvement, the results were the same, which was
more commonly found in the size 8 cm and mostly found itefhevary (25.6%). The research of Amante et
al. explained that the tumor size radiologically in semian tumors was >5cm.20 The radiologist should
be aware of this entity and familiar with its radiolaifindings in order to optimize the imaging protocol in
order to obtain appropriate treatment. The size ofuhmr in this study, both unilateral and bilateral ovarian
involvement, the results were the same, which was emranonly found in the size 8 cm and mostly found
in the left ovary (25.6%). The research of Amante etxglained that the tumor size radiologically in serous
ovarian tumors was >5cffi.The radiologist should be aware of this entity and familiiéh its radiological
findings in order to optimize the imaging protocol in ordeiobtain appropriate treatment. The size of the
tumor in this study, both unilateral and bilateral csarinvolvement, the results were the same, which was
more commonly found in the size 8 cm and mostly found itefhevary (25.6%). The research of Amante et
al. explained that the tumor size radiologically in sea#ian tumors was >5cm.20Pannu's study found that
the size of the serous ovarian tumor was borderline diffaxith unilocular and multilocular CT scans, found
tobe 1-5cmin size with bilateral ovarian involvemetit.

This study found low grade SOX2 expressiohenign serous tumoesmuchas51.3%.0n Research
Ye et al. Immunohistochemical results showed that thitiy@satio of SOX2 expression gradually increased
from benign and borderline ovarian tumors to malignamhash as 55.81% normal ovarian epithelium 65%
serous and mucinous cystadenomas, 70% borderline seromsiamdbus cystadenomas, and 91% serous and
mucinous cystadenocarcinomas, respectively each expie€se??

High SOX2 expression may serve as a prognostic bi@narhis is due to the importance of SOX2
in the initiation and progression of tumorigenesis. Oyaession or amplification of SOX2 is often observed
in various tumor types b still correlated with prognosticatiaf patient survival. During lung tumorigenesis,
SOX2 amplification is more common in high-grade lesitien in low-grade lesions that develop into
malignant tumors!
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Research conductdryy Jamesetal. showed that TILs were associated with histopathologidatypes
for all tumors whereas high expression of iTILs and sTlas wssociated with a better prognosis. The better
prognostic effect on iTILs may be due to activation of &ith target cells at the T cell receptor. The lower
prognostic effecon sTILs maybedueto sTILs not belongingp the tumor microenvironment secreted by tumor
cells and/or other stromal cells, to avoid attagkthle immune systers.

In this research, hthere was no association betweet? SRpression and intratumoral TILs and
stromal TILs. To date, there have been no studies exagnihe relationship between SOX2 expression and
TILs in serous ovarian tumors. However, several studies Bagwn that high SOX2 expression in ovarian
serous tumords associated with tumor aggressiveness. This indicttte important roleof SOX2 in
maintaining the basic characteristics of ovarian serausr Expression of SOX2 in cells that cause ovarian
serous tumor spread allows tumots withstand conventional chemotherapy and enhances their
tumorigenicity77 However, a study by Le et al on small calglcarcinoma that did not differentiate between
intratumoral and stromal TILs found that hi§lbX2and CD8+ TIL expression indicated high overall survival
(OS) and progression free survival (PF%).

CONCLUSION

This study showed that there was a correlation betwaanrtsubtypes and SOX2 expression and
there wasio correlation betweeBOX2 expression and TILs in ovarian serous tumors.
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