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OZET
JINEKOLOJIK KANSERLERDE LKB1 VE STING GENLERININ DUZENLENMESININ
ARASTIRILMASI
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Tez Danismani: Dog. Dr. Ercan CACAN
Ikinci Danisman: Prof. Dr. Tahir Abdulla HAWRAMY
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Kadinlik, dogurganlik ve cinsel yasamla ilgili organlar1 etkileyen jinekolojik maligniteler
daha az tedavi edilebilir ve diinya capindaki tiim vakalarin yaklasik %17'sini olusturmaktadir.
Jinekolojik kanesrler igerisinde rahim, yumurtalik ve servikal en yaygin tiirlerdir. Jinekolojik
kanserin tanisi ve tedavisi kadinlar ve aileleri igin stres, kaygi, umutsuzluk ve 6liim korkusu
yaratarak iiziicii olabililmektedir. Onkogenler ve timor baskilayici genler kanser gelisimi ve
ilerlemesinde iki 6nemli gen gurubu olup gesitli kanserlerde diizensiz bir sekilde ifade
edilirler. Cesitli fonksiyonlara sahip bir serin/treonin kinaz olan LKBI, hiicre polaritesini,
proliferasyonunu, apoptozu ve enerji tikketimini etkilemektedir. Bu gen ayni zamanda bir
timor baskilayici gen olarak da gorev yapmaktadir. STING, cGAMP iireterek dsDNA aracili
gen indiikksiyonunu destekleyen kritik bir dogal immiin sinyal proteinidir. Bu protein,
antitimor bagisiklik tepkilerini artirarak kanserin ilerlemesini onler. IFI116, transkripsiyon,
apoptoz, otoimminite ve hiicre dongiisii diizenlemesinde rol oynayan bir DNA baglayici
proteindir. IFI16 ekspresyonu, kemoterapi direnciyle baglantili ¢esitli malignitelerde gorev
almaktadir. Bir hiicrenin transkripsiyonel olasiliklarindaki degisiklik, DNA niikleotid
dizisinde kodlanmayan epigenetiktir. LKB1 diizenlemesi, epigenetik veya translasyon sonrasi
stirecler yoluyla bir¢ok organdaki malign transformasyonla iligkilendirilmistir. STING gen
ekspresyonu ve metilasyonu ters iligkilidir; metilasyon, birgok tiimor tipinde STING
ekspresyonunu potansiyel olarak azaltir. Deasetilasyonun neden oldugu IFI16 susturulmast,
dogustan gelen bagisiklik tepkisini azaltarak kanser hiicresi ¢ogalmasini ve hayatta kalmasini
artirabilir. Bu tez c¢alismasinda, 17pB-Estradiol, vorinostat ve desitabin'in yumurtalik ve
endometriyal kanser hiicre hatlarinda gesitli hedef genler {izerinde nasil bir etki ortaya
koydugu arastirildi. Ayrica, saglikli ve jinekolojik kanserli hastalardan alinan kan ve doku
orneklerinde LKB1, STING ve IFI16 gibi hedef genlerin ekspresyon diizeylerindeki

degisimler ortaya konuldu.

Anahtar Kelimeler: Jinekolojik Kanserler, Epigenetik, LKB1, STING, IFI16, 173-Estradiol



ABSTRACT

INVESTIGATION OF THE REGULATION OF LKB1 AND STING GENES IN
GYNECOLOGIC CANCERS

Bahra NAJI
Master's Degree, Department of Biology
Subdivision of Molecular Biology
Thesis Advisor: Assoc. Prof. Dr. Ercan CACAN
Second Advisor: Prof. Dr. Tahir Abdulla HAWRAMY
February, 2024, vii + 89 pages
Gynecological malignancies affecting organs related to femininity, fertility and sexual life are
less treatable and account for approximately 17% of all cases worldwide. Among
gynecological cancers, uterine, ovarian and cervical are the most common types. Diagnosis
and treatment of gynecological cancer can be distressing for women and their families,
creating stress, anxiety, hopelessness and fear of death. Oncogenes and tumor suppressor
genes are two important gene groups in cancer development and progression and are
expressed irregularly in various cancers. LKB1, a serine/threonine kinase with various
functions, affects cell polarity, proliferation, apoptosis and energy consumption. This gene
also acts as a tumor suppressor gene. STING is a critical innate immune signalling protein
that promotes dsDNA-mediated gene induction by producing cGAMP. This protein prevents
cancer progression by enhancing antitumor immune responses. IFI16 is a DNA-binding
protein involved in transcription, apoptosis, autoimmunity, and cell cycle regulation. IFI16
expression is involved in various malignancies associated with chemotherapy resistance. The
change in a cell's transcriptional probabilities is epigenetic, which is not encoded in the DNA
nucleotide sequence. LKBL1 regulation has been associated with malignant transformation in
many organs through epigenetic or post-translational processes. STING gene expression and
methylation are inversely related; methylation potentially reduces STING expression in many
tumor types. IFI16 silencing caused by deacetylation may increase cancer cell proliferation
and survival by reducing the innate immune response. In this thesis study, it was investigated
what effect 17p-Estradiol, vorinostat and decitabine exert on various target genes in ovarian
and endometrial cancer cell lines. In addition, changes in the expression levels of target genes
such as LKB1, STING and IFI16 were revealed in blood and tissue samples taken from

healthy and gynecological cancer patients.

Keywords: Gynecologic Cancers, Epigenetics, LKB1, STING, IFI16, 17B-Estradiol
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1. INTRODUCTION

Annually, 10 million people are diagnosed with cancer worldwide, and about 60% of
diagnosed people are losing their lives at some point (Akyuz et al., 2007). Among cancer
types, gynecologic malignancies are known as less curable, and the estimated worldwide
incidence of gynecologic malignancies is around 17% (Jemal et al., 2011). Uterine (53 %),
ovarian (25 %), and cervical (14 %) cancers are the most frequent types of gynecologic
cancers, while vaginal and vulvar cancers are less common (Siegel et al., 2012). Endometrial
and ovarian cancers typically strike women after menopause, but cervical cancer strikes
women younger (Likes et al., 2007). Gynecologic cancers are unique in that they affect
organs associated with femininity, fertility, and sexual life, and the diagnosis and treatment of
gynecologic cancer can be distressing for women and their families (Costanzo et al., 2006;
Ekwall et al., 2003). In addition to psychological symptoms, including stress, anxiety,
sadness, and fear of dying, patients receiving treatment for gynecologic cancer can endure
physical symptoms such as pain, nausea, vomiting, insomnia, and lethargy. A woman's daily
routine, social relationships, work position, and quality of life are all altered by cancer
therapy (De Groot et al., 2005; Ekwall et al., 2003; Holzner et al., 2003).

Tumour suppressor genes (TSGs) and oncogenes, also known as cancer-promoting genes
(CPGs), are two broad categories into which many genes can be classified (Lee et al., 2010;
Oren., 1992). TSGs and oncogenes are both abnormally expressed in distinct malignancies
via different processes, and each gene serves a specific purpose according to the
characteristics of the malignancy (Sadikovic et al., 2008). Through the phosphorylation and
activation of adenosine monophosphate (AMP)-dependent kinase (AMPK) and other
substrates, liver kinase B1 (LKB1) is a multifunctional serine/threonine kinase that regulates
cell polarity, proliferation, apoptosis, cell cycle progression, and energy metabolism. It also
plays a broad tumour suppressor role. Peutz-Jeghers syndrome, which is characterised by
hamartomatous polyps and an elevated prevalence of numerous malignancies, including
gynecologic cancers, is caused by germline mutations of the LKB1 gene, also known as
serine/threonine kinase 11 [STK11] (Van Lier et al., 2010; Hearle et al., 2006).

STING (stimulator of interferon genes; also known as TMEM173, MPYS, ERIS and MITA)
is an endoplasmic reticulum (ER)-associated multi-transmembrane protein that operates as an
essential innate immunity signalling molecule required for activating dSDNA-mediated gene
induction (Ishikawa et al., 2008; Ishikawa et al., 2009). Cyclic GMP-AMP synthase (CGAS)
detects abnormal cytoplasmic dsDNA and creates the second messenger cGAMP, which

activates STING and promotes its cellular relocalisation (Kitajima et al., 2016). While
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STING signalling developed as an innate immune response to protect against viral and other
infections, it has become increasingly clear that STING is commonly triggered as a result of a
variety of different abnormalities that cause cytoplasmic dsDNA build-up (Barber., 2015).
STING signalling has been critical for protecting cells from infections and preventing cancer
growth by increasing antitumor immune responses (Woo et al., 2015).

Interferon Gamma Inducible Protein 16 IFI16 is a multifunctional DNA-binding protein with
several biological processes, including controlling transcription, apoptosis, autoimmunity,
and the cell cycle (Jakobsen et al., 2014). IFNs (a, B, or ) may induce the expression of IF116
protein in various cells; the type of IFN and the type of cell will determine the degree of IFN-
induced IF116 expression (Johnstone et al., 1999; Der et al., 1998). IFI16 expression has been
examined in several cancers. In breast and prostate cancer, the disease develops due to the
epithelial cells' loss of IFI116 expression (Xin et al., 2003; Alimirah et al., 2007). In ovarian
cancer, on the other hand, patients' higher IFI16 expression was linked to chemotherapy
resistance (Ju et al., 2009).

The gene expression sequences that distinguish differentiated cells are formed during
development and are upheld during mitosis. Therefore, cells inherit genetic information,
and information not encoded in DNA's nucleotide sequenceis known as epigenetic
information (Waterland., 2006). The word "epigenetics™ describes two variations in a cell's
transcriptional possibilities: long-term, stable changes that are not necessarily heritable and
heritable variations in gene activity and expression in the offspring of cells or individuals
(Gibney et al., 2010). LKBL1 regulation by various epigenetic or posttranslational mechanisms
has been strongly linked to the malignant transformation of many organs, including the
breast, colon, lung, skin, and cervix (Esteller et al., 2000; Trojan et al., 2000). LKB1
phosphorylation in the regulatory domains can occur at different sites, and upstream kinases
phosphorylate them and influence LKB1 cytoplasmic translocation as well as LKB1-
dependent growth suppression (Zhu et al., 2013; Sapkota et al., 2002). The LKB1 gene has
previously been studied for hypermethylation in cervical, lung, colon, head and neck,
pancreatic, and breast cancers. Methylation silencing of the LKB1 gene does not appear to be
the primary cause of LKB1 loss in these tumour types (Co et al., 2014). Deacetylation can be
used to modify LKBL1 after it has been translated. SIRT1, which is a conserved NAD+-
dependent deacetylase, can deacetylate LKB1. SIRT1 promotes deacetylation, ubiquitination,
and proteasome-mediated degradation of LKB1 in primary endothelium cells, acting as a
regulator of LKB1/AMPK signalling (Lan et al., 2008).



The amount of methylation and STING gene expression were negatively correlated,;
methylation may significantly reduce STING expression in many tumour types (Konno et al.,
2018). Histones surrounding the STING gene promoter region may be acetylated, which
would improve accessibility and ease transcription. Histone deacetylases (HDACs) and
histone acetyltransferases (HATs) can impact the expression of the STING gene. Thus,
elevated HAT activity or decreased HDAC activity may result in elevated STING expression
(Dai et al., 2019).

Certain malignancies have been shown to have DNA hypermethylation of the IFI116 promoter
region, which results in the downregulation of IFI16 expression. This implies that by
inhibiting IFI16's anti-tumour properties, abnormal DNA methylation patterns may aid in the
development of tumours. IFI16 suppression can encourage cell migration, invasion, and
proliferation, all of which can aid in the growth of tumours (Khan et al., 2022; Kerur et al.,
2011). Deacetylation-induced IFI16 silencing may contribute to tumour development. The
innate immune response is being weakened. IFI16 is essential for recognising viral infections
and triggering the innate immune response. Its silencing may help cancer cells to avoid
immune monitoring and proliferate uncontrollably. It has also been linked to enhanced cancer
cell growth and survival. This could be because it regulates critical biological processes
involved in cell growth and survival (Li et al., 2012).

This thesis study investigates the epigenetic effects of different concentrations of 17p-
Estradiol, Vorinostat (SAHA) and Decitabine (5-Aza) on ovarian and endometrium cancer
cell lines. For this purpose, the viability of the cell lines, the effects on the expression levels
of genes (LKB1, STING and IFI16) that inhibit tumours and the effects on the protein
expression were examined. It has been observed that 17p-Estradiol, Vorinostat and
Decitabine can affect the viability, gene expression and protein expression in ovarian and
endometrium cancer cell lines. It also analyses gene expressions in gynecologic cancer blood
and tissue samples and protein expression in gynecologic cancer serum and tissue samples,

with distinct gene and protein expressions observed according to the healthy groups.



2. Literature Review
2.1. Gynecologic Cancers, Uterine Cancer
2.1.1. Uterine Cancer and Epidemiology

The uterus is a hollow, muscular structure in the female pelvis located posterior to the bladder
and anterior to the rectum. The uterus has three layers: perimetrium, myometrium, and
endometrium from the outside to the inside (Gasner, 2020). An embryo and fetus develop in
the uterus, a reproductive organ, throughout pregnancy. Menstruation, in which the uterine
lining multiplies in anticipation of an ovum that has been fertilised and then sheds if
fertilisation is unsuccessful, occurs in the uterus (Critchley et al., 2020).

The incidence of uterine cancer is lowest in Southern and Eastern Asia and most of Africa,
intermediate in Southern Europe and temperate South America, and most significant in North
America and Northern Europe (Ferlay et al., 2013). With an estimated 319,600 cases
worldwide in 2012, uterine cancer was the sixth most frequent malignancy overall. Before 45,
the disease is not common, but the risk increases significantly among women of all races in
their late 40s to mid-60s (Torre et al., 2017). Between 2010 and 2014, the Surveillance,
Epidemiology and End Results Program (SEER) reported an average yearly age-adjusted
incidence of uterine cancer of 25.7 per 100,000 women (Siegel et al., 2018). 95% of uterine
malignancies are carcinomas, which develop from the endometrium, the epithelial layer of the
uterus (Ratner et al., 2010). Adenocarcinoma is the most common pathological subtype in this
tissue, accounting for 89% of cases, followed by uterine papillary serous carcinomas (6%)
and clear cell tumours (5%) (Christopherson et al., 1982; Christopherson et al., 1983).
Sarcomas and carcinosarcomas make up the remaining 5% of uterine malignancies (Ratner et
al., 2010). GLOBOCAN data shows the incidence rate estimation in ovarian and endometrial

cancer, as shown in Figure 2.1.
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Figure 2. 1. Top ten types of cancer that are most frequently diagnosed in women in A) Iraq
and B) Turkiye percentages (GLOBOCAN, 2020)
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2.1.2. Uterine Cancer Etiology and Risk Factors

Endometrial cancer, which is the most common type of uterine cancer, is another name for
uterine cancer. The majority of endometrial carcinomas develop from a condition of simple to
complex endometrial hyperplasia (EH), which is characterised by unchecked endometrial
growth that is hormonally promoted by endogenous or exogenous estrogen without
progesterone or progestin resistance. In this environment, histologically detectable atypical
premalignant lesions, known as endometrial intraepithelial neoplasia (EIN), can develop into
endometrioid carcinoma, which is typified by the invasion of the stroma and myometrium
(Lax, 2017). Furthermore, various factors may also be associated with the development of

uterine cancer.

2.1.2.1. Age

Endometrial cancer is more common after menopause, and its risk rises with age. When
compared to younger women, endometrial malignancies identified in older women typically

have higher grades and stages (Amant et al., 2005; Yap et al., 2006).

2.1.2.2. Obesity

One of the most significant risk factors for the development of endometrial cancer is obesity.
It is widely believed that the rising incidence of endometrial cancer worldwide, especially in
industrialised nations, is partly caused by the rising prevalence of obesity (Fader et al., 2009).
nearly all investigations found a statistically significant positive correlation between BMI and
the risk of endometrial cancer (La Vecchia et al., 1984). Free Estradiol has been linked to an
increased risk of endometrial cancer in postmenopausal women. Consequently, elevated
plasma levels of bioavailable estrogen due to increases in endogenous estrogen production by
adipose tissue raise the risk of endometrial cancer in obese postmenopausal women (Kaaks et
al., 2002). Chronically elevated insulin levels and insulin-like growth factor-1 (IGF-1)
activity are linked to obesity. Insulin stimulates the formation of tumours in premenopausal
and postmenopausal women by binding to IGF-1 and insulin receptors in the endometrium
(Roy et al., 1999).

2.1.2.3. Fertility and breastfeeding

Infertility and endometrial cancer are substantially correlated in the majority of published

research to date. Infertile patients with normal estrogen levels and progesterone insufficiency



had a much higher risk of endometrial cancer by nine times than the general population
(Modan et al., 1998; Cetin et al., 2008).

There was a correlation found between not breastfeeding and a higher prevalence of
endometrial cancer. When endogenous estrogen is "unopposed™ by progesterone, the risk of
endometrial cancer rises with exposure to this hormone. Nevertheless, compared to typical
postpartum cycles, nursing reduces endogenous estrogen and progesterone exposure levels
(Sugawara et al., 2013; Xue et al., 2008).

2.1.2.4. Smoking

A few lifestyle choices may potentially have an impact on endometrial cancer risk. It has
been proposed that cigarette smoking has an antiestrogenic effect by causing weight loss,
earlier menopause, or changes in hormone metabolism. Factors linked to low levels of
circulating estrogen may lower the risk of endometrial cancer because these hormones have a
role in the development of this malignant condition. Consequently, smoking cigarettes may

influence the risk of endometrial cancer (Michnovicz et al., 1986).

2.1.3. Diagnosis and Treatment of Uterine Cancer

The primary symptom that should raise the possibility of endometrial cancer is abnormal
uterine bleeding (AUB). The majority of endometrial cancer diagnoses occur during AUB
investigations. The age at the time of bleeding is correlated with the risk of cancer, not the
volume of bleeding. Consequently, it is critical to identify the age range at which a
haemorrhagic pattern necessitates an endometrial biopsy (Fraser et al., 2007; Seebacher et al.,
2009). For women between the ages of 20 and 34, the chance of endometrial cancer is 1.6%.
The prevalence rises to 6.2% among women between the ages of 35 and 44. Consequently,
endometrial examination should be considered for women in this age group who do not react
to pharmacological therapy or who experience prolonged periods of unopposed estrogen
stimulation. Endometrial biopsies should be performed on all women over 44 who exhibit
AUB symptoms, such as intermenstrual bleeding, frequent menstruation (with a 21-day
interval between bleeding episodes), heavy menstrual bleeding (with a total volume of >80
mL), or prolonged menstrual bleeding (lasting longer than seven days) (Hauk; 2014).
Younger women have a lower rate of advanced-stage disease, a higher degree of tumour
differentiation, and a better prognosis than women older than 44 (Pellerin et al., 2005).

Because transvaginal ultrasonography is readily available, reasonably priced, and highly

sensitive, it is frequently the first diagnostic test chosen when assessing for endometrial



cancer. Endometrial thickness can be determined with transvaginal ultrasonography. A tissue
sample should be used for evaluation in postmenopausal patients whose endometrial
thickness is more significant than 5 mm, mainly when bleeding is evident. There is no
established cut-off point for assessing premenopausal women (Podrasky et al., 2013). In
every patient, a tissue biopsy is necessary if bleeding continues despite a typical transvaginal
ultrasonography result (Sorosky et al., 2012). An endometrial tissue sample is necessary for a
conclusive diagnosis of endometrial cancer. Endometrial assessment through biopsy or
endometrial cell sampling is less invasive than hysteroscopy, dilatation, and curettage (D&C).
The curettage method has historically been the method of acquiring a tissue sample.
Although the more recent Pipelle approach provides an option, patients who have more than 4
mm of endometrial thickness with postmenopausal bleeding may not require an endometrial
biopsy or hysteroscopy. A referral for dilation and curettage should be considered if a
sufficient sample cannot be collected. Further assessment is required if the biopsy results are
benign but the symptoms still exist (Elsandabesee et al., 2005; Saso et al., 2011). The
endometrial cavity can also be assessed with saline infusion sonohysterography. In order to
better visualise structural alterations, this study technique involves infusing saline into the
endometrial cavity and then performing ultrasonography. This is especially useful in cases
where patients have localised anomalies such as polyps, submucosal fibroids, or endometrial
hyperplasia. Although infrequently used, saline infusion sonohysterography may be an option
for insufficient transvaginal ultrasonography or endometrial biopsies (Podrasky et al., 2013).
Hysteroscopy provides a direct vision of the endometrial cavity and is frequently performed
to assess abnormal uterine bleeding. Hysteroscopy may be carried out in conjunction with
curettage or a targeted biopsy. According to a comprehensive review, hysteroscopy can
diagnose endometrial cancer with an 86.4% specificity and a 99.2% sensitivity (Sorosky et
al., 2012; Clark et al., 2002). When transvaginal ultrasonography is insufficient and saline
infusion sonohysterography is intolerable, magnetic resonance imaging may offer further
information on endometrial thickness or structural abnormalities such as fibroids or
adenomyosis. In most cases, positron emission tomography and computed tomography are
not helpful during the preliminary assessment (Podrasky et al., 2013).

Suppose a woman has invasive carcinoma and is premenopausal and still wants to have
children. In that case, she may be eligible for a conservative treatment trial if the histology
report shows a well-differentiated carcinoma (grade 1) without evidence of myometrial
invasion. Patients for such fertility-preserving treatments should be made aware of the fact

that they will require frequent clinical follow-up due to the 25% primary failure rate and the
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approximately 30% likelihood of recurrence associated with it. The rule out of ovarian
involvement or myometrial infiltration using transvaginal ultrasonography and magnetic
resonance imaging is a requirement for such treatment. The preferred course of treatment is
taking oral gestagen continuously for a minimum of three months, after which transvaginal
ultrasonography, hysteroscopy, and curettage are used as part of a follow-up inquiry. After
having as many children as they choose, some women are advised to have a hysterectomy due
to the high likelihood of recurrence following conservative treatment (Chiva et al., 2008).

Total abdominal hysterectomy, bilateral salpingo-oophorectomy and peritoneal washings are
the surgical treatments for endometrial cancer. Omentectomy with pelvic and para-aortic
lymphadenectomy may be necessary in some circumstances. There are two types of surgical
procedures: laparoscopic (standard or robotically assisted) and laparotomy (entrance via a
transverse or midline incision) (Baekelandt et al., 2009; Emons et al., 2009). Both the uterus
and the cervix are removed during a total hysterectomy. In addition, the adnexa (ovaries and
fallopian tubes) may or may not be removed; in a supracervical or subtotal hysterectomy, the
cervix is not removed. There are three primary methods for performing these procedures:
laparoscopic hysterectomy (LH), vaginal hysterectomy (VH), or abdominal hysterectomy
(AH). The idea behind partial hysterectomy is that if the cervix is kept in place, women may
have improved sexual and pelvic floor function. The less comprehensive dissection can lower
the risk of complications, but there is a chance of cyclical bleeding that could require a cervix
excision (trachelectomy). When the cervix is kept, there is still a chance of developing
invasive cancer later on, but in people who have undergone appropriate screening, this risk is
shallow (Clayton, 2006). In order to prevent ovarian cancer in the future, bilateral salpingo-
oophorectomy—the surgical removal of both the fallopian tubes and ovaries—has historically
been offered at the time of hysterectomy for non-malignant conditions. However, because of
the possible risks associated with the loss of ovarian hormone production, this surgery is now
being avoided more and more (Evans et al., 2016). The age at which surgery was conducted
determined the relationship between death and bilateral salpingo-oophorectomy in this
population-based cohort study involving over 200,000 women receiving non-malignant
hysterectomy. Bilateral salpingo-oophorectomy did not appear to be associated with
significantly higher all-cause mortality when compared to ovarian conservation in women
under 50, but it did not appear to be associated with significantly higher all-cause mortality in
women over 50; in fact, women 50-54 and over 55 years old showed marginally significant
decreases in all-cause and cancer mortality, respectively (Tuesley et al., 2020; Mytton et al.,

2017). Premature oestrogen insufficiency will arise from bilateral salpingo-oophorectomy
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performed prior to menopause but not from bilateral salpingo-oophorectomy performed after
menopause has begun. Loss of oestrogen at specific critical moments may contribute to the
onset or progression of disease since oestrogen signalling affects several organ systems in
genomic and non-genomic ways (Deroo et al., 2006). The question of whether performing a
pelvic and para-aortic lymphadenectomy in addition to treating endometrial carcinoma
surgically actually has any general benefits, therapeutic—because the removal of involved
lymph nodes may prolong survival—or diagnostic—because adjuvant therapy decisions may
be made based on the presence or absence of lymph node involvement (Denschlag et al.,
2011).

2.1.4. Classification and Staging of Uterine Cancer

The endometrial layer of the uterus is the epithelial layer from which carcinomas of uterine
malignancies originate. According to reports, this tissue's most common pathological
subtypes are uterine papillary serous carcinomas, clear cell tumours, and adenocarcinomas.
Sarcomas, including leiomyosarcomas, endometrial stromal sarcomas, and carcinosarcomas,
comprise the remainder of uterine malignancies (Ratner et al., 2010).

The classification of endometrial carcinomas into two categories of tumours with
significantly different characteristics and prognoses clarifies the gap in overall patient
survival (Bokhman, 1983). Bokhman's work resulted in the description of two different types
concerning molecular and histologic features. Eighty to ninety percent of all sporadic
endometrial malignancies are Type | EC, also known as the endometrioid type, and the
remaining ten to twenty percent are Type Il EC or non-endometrioid tumours (Bokhman,
1983). Histologically, Type | endometrial tumours are frequently highly differentiated and
might be either an adenocarcinoma or an adenocarcinoma with a squamous differentiation
(Ryan et al., 2005). They have a multistep carcinogenic process that begins with simple
endometrial hyperplasia, advances to complicated atypia hyperplasia, and finally develops
into the precursor lesion, endometrial intraepithelial neoplasia (EIN) (Lacey et al., 2008).
Type Il EC has two histologies: uterine papillary serous carcinoma (UPSC) and clear-cell
carcinoma. Endometrial glandular dysplasia (EmGD), a precursor lesion to both
malignancies, appears to proceed from an atrophic endometrium (Yi et al., 2008). In addition
to histological variations, the origin and survival of these two subgroups are drastically
different. Type | cancers are the most common estrogen-dependent tumours; risk factors that
enhance a woman's exposure to circulating estrogen levels are linked to an increased risk of

Type | EC. Similarly, conditions that lower progesterone are linked to an increased risk of



Type | EC. Obesity, estrogen replacement therapy (ERT), nulliparity, and health issues that
result in high estrogen levels, such as estrogen-secreting ovarian tumours and polycystic
ovarian syndrome, have traditionally been identified as risk factors for Type | EC.
Furthermore, Type | tumours are more prevalent in pre and perimenopausal women than
Type 11 tumours (Doll et al., 2008). Compared to Type | cases, Type Il cases are more likely
to be older, of average weight, and multiparous. The estrogen route is not thought to be
involved in the carcinogenesis of Type Il EC, as normal-weight and parous women have
lower estrogen exposure than obese and nulliparous women (Cirisano et al., 1999).

The classification method recommended by the International Federation of Gynecology and
Obstetrics Committee (FIGO) is preferred for the staging procedure. This method is also
stated in (Table 2.1.), along with its equivalent in the Tumour Node Metastasis (TNM)
system provided by the International Organization for Cancer Control (UICC).

Table 2. 1. Staging of uterine cancer according to FIGO and TNM equivalents (Prat; FIGO
Gynecological Oncology Committee, 2023)

FIGO Description TNM

Stage | Confined to the uterine corpus T1 NO MO

1A The disease is limited to the endometrium OR non-aggressive | T1la NO MO
histological type, i.e., low-grade endometroid.

IB Non-aggressive histological types with invasion of half or T1b NO MO
more of the myometrium.

IC Aggressive histological type is limited to a polyp or confined | T1c NO MO
to the endometrium.

Stage Il Invasion of cervical stroma without extrauterine extension OR | T2 NO MO
aggressive histological types with myometrial invasion

A Invasion of the cervical stroma of non-aggressive histological | T2a NO MO
types

1B Substantial lymphovascular space involvement (LVSI) LVSI | T2b NO MO
of non-aggressive histological types

1nc Aggressive histological type with any myometrial T2c NO MO
involvement

Stage 1l | Local and regional spread of the tumour of any histological T3 NO MO
subtype

A Invasion of uterine serosa, adnexa, or both by direct extension | T3a NO MO
or metastasis

B Metastasis or direct spread to the vagina and the parametria or | T3b NO MO
pelvic peritoneum

IcC Metastasis to the pelvic or para-aortic lymph nodes or both T3c N1/2 MO

Stage IV | Spread to the bladder mucosa and intestinal mucosa and T4 N1/2 MO
distance metastasis.

IVA Invasion of the bladder mucosa and the intestinal/bowel T4a N1/2 MO
mucosa

IVB Abdominal peritoneal metastasis beyond the pelvis 4b N1/2 MO
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IVC Distant metastasis, including metastasis to any extra-or intra- | T4 N1/2 M1
abdominal lymph nodes above the renal vessels, lungs, liver,
brain, or bone

2.2. Gynecologic Cancers, Ovarian Cancer
2.2.1. Ovarian Cancer and Epidemiology

The ovaries are one of the most essential anatomical parts of the female reproductive system.
They are almond-sized structures that are about 2-3 cm tall. And found in the pelvic cavity.
Ovarian ligaments attach them to the uterus. They are primarily responsible for oogenesis and
hormone synthesis. Endoderm-derived germ cells differentiate into oocytes in the ovarian
structure and endocrine and interstitial cells responsible for estrogen and progesterone
synthesis. It is supplied by the epithelial cells that surround the ovarian tissue. These three
cell types can also be found in the ovary. It has been demonstrated that it may be the cause of
cancer (Romero et al., 2012). Cancer usually begins in the ovaries when ovarian cells
differentiate into a distinct phenotype and spread to other body areas. It begins by invading
the abdominal and pelvic cavities (Kurman et al., 2008). In addition to this, several recent
investigations have suggested that the disease may also have its roots in tumours growing at
the distal ends of the fallopian tubes (American Cancer Society, 2018).

After cervical and uterine cancer, ovarian cancer is the third most frequent gynaecological
disease in the world. However, it is linked to a worse prognosis and fatality rate
(Momenimovahed et al., 2019). Around 240,000 new instances of ovarian cancer are reported
each year, and more than 150,000 fatalities are attributed to the disease. Western and Central
European countries are the most impacted globally (Reid et al., 2017). Numerous researches
conducted recently have revealed that different racial groups experience ovarian cancer at
varying rates. For instance, in the United States, the diagnoses of White people (12.2 per
100,000), Hispanic people (10.6 per 100,000), Asian/Pacific people (9.5 per 100,000), and
Black people (9.4 per 100,000) are the most common (Peres et al., 2018). GLOBOCAN data

estimates the mortality rate in ovarian and endometrial cancer, as shown in Figure 2.2.
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Figure 2. 2. Top ten types of cancer that most frequently cause death in women in A) Irag and
B) Turkiye percentages (GLOBOCAN, 2020).

2.2.2. Ovarian Cancer Etiology and Risk Factors

Ovarian cancer manifests late symptoms and spreads quickly, making it a diverse illness.
Even now, the etiology of it is not entirely understood. Nonetheless, it is believed that a
significant factor is the patient's age. People in the risk group are known to exist, particularly
those 63 years of age or older (Assis et al., 2018). Moreover, ovarian cancer may also occur

as a result of several different circumstances.

2.2.2.1. Age

Age-related ovarian cancer is primarily thought to affect women after menopause. The
increased incidence of this malignancy is especially noticeable in women who are older than
65 (Mohammadian et al., 2017). It is unclear if age has any bearing on how ovarian cancer
will turn out. While numerous researchers have noted that ovarian cancer patients who are
diagnosed at a younger age tend to have better outcomes, other researchers have asserted that
age is not a reliable predictor of prognosis (Chan et al., 2004). A worse survival rate and a
more advanced stage of the disease are linked to older age in this context. The survival rate
for older women with ovarian cancer is lower than that of younger patients because they

receive less aggressive treatment (Ries, 1993).

2.2.2.2. Parity and Lactation

Numerous research findings indicate that childbearing may offer some protection against
ovarian cancer (Kvéle et al., 1988). A case-control study's findings indicate that women who
have a live birth (P<0.001) or an induced abortion (P<0.05) have a lower chance of
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developing ovarian cancer; furthermore, this risk declines as the number of live birth cases
increases (P<0.001) (Risch et al., 1996). According to the number of pregnancies, older age
during pregnancy is linked to a lower risk of ovarian cancer (Moorman et al., 2008).

The number of children breastfed, the length of nursing, and the incidence of ovarian cancer

have all been found to be inversely correlated by researchers (Jordan et al., 2010).

2.2.2.3. Nutrition and diet

According to the findings of a case-control study, eating more cholesterol raises the risk of
ovarian cancer; however, this risk can be lowered by consuming vegetables, vitamin
supplements, beta-carotene, and B-complex vitamins (Pan et al., 2004). the preventive effect
of phytoestrogens on the development of ovarian cancer and think that eating a plant-based
diet can significantly lower the incidence of cancers linked to hormones (McCann et al.,
2003). An elevated vitamin D level in plasma could potentially lower the incidence of ovarian

cancer. Calcium consumption also decreases this risk (Goodman et al., 2002).

2.2.2.4. Family history

A family history of breast or ovarian cancer is the most significant risk factor for ovarian
cancer. An increased risk of ovarian cancer is linked to a personal history of breast cancer
(Kazerouni et al., 2006). Tumour suppressor gene mutations account for almost one-fifth of
ovarian cancer cases, while germline mutations in the BRCA gene cause 65-85% of inherited
ovarian malignancies (Walsh et al., 2011). While carriers of BRCA1 and BRCA2 mutations
have an ovarian cancer risk of less than 3% by age 40, by age 50, that risk rises to 10%
(Andrews et al., 2017).

2.2.3. Diagnosis and Treatment of Ovarian Cancer

Early on in the disease's course, there are no symptoms. Nearly all symptoms took longer for
women with early-stage cancer to manifest, suggesting that cancer detected at a later stage is
a more aggressive entity. Additional open-ended inquiries Allowing women to explain their
symptoms in their own words, as well as how they evolved and how they responded to them,
would provide extra information that could be beneficial in identifying symptoms of early-

stage disease (Olson et al., 2001).
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Transvaginal ultrasonography is the most helpful imaging method for detecting whether
lesions are benign or malignant in ovarian cancer. In some circumstances, computed
tomography or magnetic resonance imaging may be employed, for example, to differentiate
between ovarian cancer and a primary gastrointestinal tumour (Kinkel et al., 2005). Currently,
there is no apparatus-based diagnostic approach that may substitute surgical staging of
ovarian cancer and consistently determine surgical feasibility (Salani et al., 2008). The
utilisation of symptom-triggered diagnostic testing, specifically CA125 level and
ultrasonography, does not cause a shift in the stage of ovarian cancer. However, it may lead
to more patients undergoing complete tumour removal during surgery, indicating a lower
tumour load in women identified through such testing (Gilbert et al., 2012). In clinical

practice, symptom-triggered testing might be difficult to execute. According to a general

practitioner survey, most would still refer patients based on elevated Cancer antigen 125

(CA125) levels, even in cases where the ultrasonography result was expected (Moss et al.,
2013). The non-specific marker CA125 can have elevated levels in several illnesses, many of
which are benign conditions, including menstruation and endometriosis. When women get
counselling, it is essential to keep in mind that the formation of an ovarian cyst is a
physiological requirement for ovulation. Only 50% of stage 1 tumours had elevated CA125
levels, which adds to the complexity (Sundar et al., 2015).

Treatment approaches are still mostly ineffective despite recommendations since most
individuals with ovarian cancer are discovered when the disease has progressed. Specifically,
the diverse behaviour of cancer at the histological level demands that suitable treatment
approaches be developed and implemented. It makes the markers less reliable, which is
necessary for diagnosis. Controlling the spread of the malignancy and reducing its associated
symptoms, however, is the top objective of the recommended course of treatment. Surgery is
not always the only option for patients in advanced stages (stages Il and 1V), as the cancer
has already spread to the liver. However, standard therapy in the early stages involves
cytoreductive surgery to remove tumour tissue, followed by platinum-based chemotherapy
(Cortez et al., 2018).

2.2.4. Classification and Staging of Ovarian Cancer

Ovarian cancer must be classified appropriately and staged due to its heterogeneous nature.
By using categorisation and staging techniques, one may ascertain the features of tumour

cells in patients and gauge how the disease will progress based on these features. Predictions,
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planning suitable treatment regimens, and figuring out a family history of cancer become
simpler (Duska & Kohn, 2017). Histologically, ovarian malignancies are categorised into four
categories: mixed-cell tumours, germ cell tumours, sex cord-stromal tumours, and epithelial
tumours. Tumours with a metastatic genesis (Rojas et al., 2016; Kurman et al., 2014).

The bidirectional model comprises Type | and Type Il subtype classification approaches
and has gained attention due to clinical and genetic investigations conducted on epithelial
ovarian malignancies (Kurman & Shih, 2010). Tumours with minimal malignant potential
and local growth characterise Type | ovarian cancers (Lengyel, 2010); on the other hand,
high-grade serous cancers, carcinosarcomas, and undifferentiated carcinomas are included in
Type Il ovarian cancers (Terada et al., 2016). Compared to Type Il tumours, Type | cancers
grow more slowly. They may, nevertheless, progress into tumours that are on the verge of
becoming invasive. Additionally, despite being somatically more stable in terms of the
genome than Type Il cells, these cell mutations might be present in them (Koshiyama et al.,
2014).

Ovarian neoplasms comprise less than 1% of Brenner's tumours. It can be classified as
malignant, borderline, or benign (Zhang et al., 2019). Brenner tumours often cluster as a
transitional epithelial layer encircled by fibrous stroma, with over 80% of these tumours
occurring in women 50 and older (Zheng & Heller, 2019). Among the kinds of epithelial
ovarian cancer, mucinous ovarian cancer MOC is an uncommon carcinoma. MOC is included
in this class despite the absence of mucinous cells in normal ovarian tissue because of
mucinous metaplasia in the ovary's surface epithelium. MOC is linked to endometriosis and
exhibits Kras and p53 mutations and HER2 amplification when transitioning to borderline
and invasive features unique to other mucinous carcinomas (Babaier & Ghatage, 2020).
Comparing MOC to serous carcinomas, 80% of patients are diagnosed early. This is because
there is a significant amount of tumour tissue (Morice et al., 2019). Endometriosis is linked to
both endometrioid and clear cell carcinomas. Of all ovarian malignancies, 10% have
endometrioid ovarian carcinoma ENOCas a recurring malignancy. In particular,
histologically and molecularly, ENOC and uterine cancer are similar (Pierson et al., 2020).
Furthermore, it is believed that infertility, late menopause, and early menarche raise the
chance of ENOC development (Koshiyama et al., 2017). Like ENOC, clear cell ovarian
carcinomas (CCOC) are an epithelial cancer that can be identified early on. Nonetheless,
patients with advanced-stage CCOC may have a treatment resistance mechanism that is

linked to a poor prognosis (Fujiwara et al., 2016).
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Just as crucial as histological classification is the staging of ovarian cancer. By splitting
patients into subgroups, early-stage tumours must be categorised to characterise tumour
progression, examine therapy options, and provide survival data (Montavon Sartorius et al.,
2018). The International Federation of Gynecology and Obstetrics Committee (FIGO)
categorisation technique is preferred for the staging procedure. The Tumour Node Metastasis

(TNM) system supplied by the International Organization for Cancer Control (UICC) also

incorporates this technique. Table 2.2. is expressed in conjunction with its inverse.

Table 2. 2. Staging of ovarian cancer according to FIGO and TNM equivalents (Prat; FIGO
Gynecological Oncology Committee, 2023)

FIGO Description TNM
Stage | | Tumour tissue is limited to the ovary or fallopian tubes T1 NO MO
IA In a capsule, a single ovary or fallopian tube T1la NO MO
IB In capsule, in two ovaries or fallopian tubes T1b NO MO
IC In capsule, in one or both ovaries or fallopian tubes:
IC1 | Capsular rupture after surgery T1cl NO MO
IC2 | Capsular rupture before surgery T1c2 NO MO
IC3 | Ascites or malignant cells in the peritoneum T1c3 NO MO
Stage 11| The tumour has spread to one or both ovaries or the fallopian | T2 NO MO
tube and pelvis.
1A | Spread to the uterus from the fallopian tubes and ovaries T2a NO MO
1B Spread to other pelvic intraperitoneal tissues T2b NO MO
Stage | Tumour in one or both ovaries/fallopian tubes or primary T1T2 N1 MO
i peritoneal in case of cancer confirmed spread outside the
peritoneum and lymph nodes.
[1IA1 | Positive retroperitoneal lymph nodes are present T3al NO MO
I11A2 | Microscopic extra pelvic peritoneal metastasis, with or T3a2 NO/IMO
without retroperitoneal lymph metastasis
I1IB | Macroscopic peritoneal metastasis up to 2 cm, with or without | T3b N0/1 M0
retroperitoneal lymph metastasis
IIC | macroscopic peritoneal metastasis more than 2 cm, T3c NO/N1 MO
retroperitoneal lymph with or without metastasis, extension to
the spleen or liver capsule
Stage | Presence of metastasis to distant areas beyond peritoneal T1/2/3 NO/1 M1
v metastasis
IVA | Tumour in pleural effusion T4 NO/1 MO
IVB | Parenchymal metastasis or metastasis to extra-abdominal T4 NO/1 M1
organs

2.3. Cancer Suppresser genes

2.3.1. Liver kinase B1 (LKB1)

Liver kinase Bl (LKB1) is located on chromosome 19p13.3. Itis a multifunctional

serine/threonine kinase (STK11) that regulates cell polarity, proliferation, apoptosis, cell
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cycle progression, and energy metabolism by phosphorylating and boosting AMP-dependent
kinase (AMPK) and other substrates. Peutz-Jeghers syndrome is a rare, autosomal dominant,
hereditary polyposis syndrome defined by gastrointestinal hamartomas and mucocutaneous
pigmentations caused by germline mutations in the LKB1 gene, which is characterised by an
increased risk of several cancers, including gynecologic cancers (van Lier et al., 2010). The
heterotrimeric complex formed by the association of LKB1 with two proteins, sterile-20-
related adaptor (STRAD) and mouse protein 25(MO25), regulates LKB1 kinase activity.
MO25 is a scaffolding protein that binds to the C-terminus of STRAD, increasing its affinity
for LKB1. STRAD is a pseudo kinase that promotes LKB1 active confirmation (Zeqiraj et al.,
2009). The most potent growth and tumour-promoting phenotypes require biallelic
inactivation of the LKB1 alleles. However, evidence shows that LKB1 can function as a
haploinsufficient tumour suppressor. Many intestinal polyps, for example, do not experience
loss or mutation of the second allele (Miyaki et al., 2000). LKB1 encodes an mRNA of
approximately 2.4kb transcribed in a telomere-to-centromere orientation and a protein of 433
amino acids and roughly 48kDa (Hemminki et al., 1998). The protein has serine-threonine
kinase activity, a kinase domain, and a nuclear localisation signal in the N-terminal
noncatalytic region. Although LKB1 protein expression is mainly found in the cytoplasm, it
can sometimes be found in the nucleus (Alessi et al., 2006). LKB1 protein levels are high in
most epithelia, the follicles and corpus luteum of the ovary, the seminiferous tubules of the
testis, myocytes from skeletal muscle, and glia cells in adult tissues (Rowan et al., 2000).

Furthermore, LKB1 regulation by various epigenetic or posttranslational mechanisms has
been strongly linked to the malignant transformation of many organs, including the breast,
colon, lung, skin, and cervix (Esteller et al., 2000; Trojan et al., 2000). LKB1 phosphorylation
in the regulatory domains can occur at 11 different sites, Thr185, Thr189, Thr336 and Ser404
being direct targets of LKB1 (autophosphorylation). In vitro, phosphorylation of these sites
does not affect kinase activity or subcellular localisation. However, it does serve as an
indicator of catalytically active LKB1, while other sites (Ser31, Ser307, Ser325, Thr366,
Ser399, Ser 428, and Ser431) are phosphorylated by upstream kinases and influence LKB1
cytoplasmic translocation as well as LKB1-dependent growth suppression (Zhu et al., 2013;
Sapkota et al., 2002). The LKB1 gene has previously been studied for hypermethylation in
cervical, lung, colon, head and neck, pancreatic, and breast cancers. Methylation silencing of
the LKB1 gene does not appear to be the primary cause of LKB1 loss in these tumour types,
and the same for EC (Co et al., 2014). Deacetylation can be used to modify LKB1 after it has

been translated. SIRT1, which is a conserved NAD+-dependent deacetylase, can deacetylate
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LKB1. SIRT1 promotes deacetylation, ubiquitination, and proteasome-mediated degradation
of LKBL1 in primary endothelium cells, acting as a regulator of LKB1/AMPK signalling (Lan
et al., 2008).
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Figure 2.3. LKB1 deacetylation by NAD+-dependent deacetylase SIRT1 and localisation in
the cytoplasm. (https://biorender.com)

Sex hormones like androgen and estrogen can influence the LKB1 gene. Estrogen is a steroid
hormone that plays essential roles in cell proliferation and differentiation in various target
tissues (Bjornstrom et al., 2005). Estrogen exerts its effects by binding to its receptor ERa,
causing it to be activated. This, in turn, causes it to change conformation, dimerise, and bind
to specific estrogen response elements (ERES) located in the targeted gene promoter regions
(Nilsson et al., 2001). Estrogen has been shown to regulate LKB1 gene expression via
transcriptional regulation, and an estrogen receptor (ER) binding site has been discovered in
the promoter region of LKB1. 17p-Estradiol can downregulate both mRNA and protein levels
of LKB1 in MCF-7 breast cancer cells by inhibiting LKB1 promoter activity by reducing ER
binding to the LKB1 promoter (Brown et al., 2011). Besides this, estrogen can regulate LKB1
protein level in the cytoplasm; the LKB1 binding site present on ERa after binding LKB1's
ability to phosphorylate its substrates is impaired, altering its anti-tumoral activity
(Bouchekioua-Bouzaghou et al., 2014).
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Figure 2.4. Mechanisms for estrogen signalling. Via a genomic mechanism, estrogen binds
directly to estrogen-responsive elements (ERES) or indirectly through other transcription
factors on responsive elements (RE), causing its receptor, Estrogen receptor o (Era), to
dimerise and translocate into the nucleus. Following the recruitment of coregulator
complexes, this transcription of target genes is initiated. E2: 17 p-oestradiol; Coregs:
Coregulators; TF: Transcription factor (Lattouf et al., 2016).

Figure 2.5. Diagram illustrating the connection between the non-genomic ERa/Src/PI3K
complex and cytoplasmic LKB1. LKB1's connection with the estrogen non-genomic complex
cannot inhibit the mTOR signalling pathway since it cannot phosphorylate its substrates as
AMPK. E2: 17 p-oestradiol; ERa: Estrogen receptor a; PRMTI1: Protein arginine
methyltransferase 1; PI3K: Phosphatidylinositide 3-kinase (Lattouf et al., 2016).

2.3.2. Stimulator of Interferon Genes (STING)

STING (stimulator of interferon genes; also known as TMEM173, MPYS, ERIS, and MITA)
is an endoplasmic reticulum (ER)-associated multi-transmembrane protein that operates as an
essential innate immunity signalling molecule required for activating dsSDNA-mediated gene
induction (Ishikawa et al., 2008; Ishikawa et al., 2009). Cyclic GMP-AMP synthase (CGAS)

detects abnormal cytoplasmic dsDNA and creates the second messenger cGAMP, which
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activates STING and promotes its cellular relocalisation (Kitajima et al., 2016). While
STING signalling developed as an innate immune response to protect against viral and other
infections, it has become increasingly clear that STING is commonly triggered as a result of a
variety of different abnormalities that cause cytoplasmic dsDNA build-up (Barber, 2015).
STING signalling has now been proven to be critical for defending cells from a range of
infections, as well as for preventing cancer growth by increasing antitumor immune responses
(Woo et al., 2015). When pathogenic DNAs or their upstream DNA sensors activate STING,
it translocates to perinuclear endosomes with TANK-binding kinase 1 (TBK1). This process
activates IRFs and NF-xB, which causes the expression of type I interferon (IFN-I) and other
immune response genes (Ishikawa et al., 2009). A positive feedback loop based on the ability
of IFNB and IFNa to trigger multiple IFN-stimulated genes (ISGs) regulates the initial
generation of IFN-I (Liu et al., 2012). Immunotherapy is most successful when an immune
response, including activated T cells and killing tumour cells, is already underway. The
process of developing immunity against cancer is cyclical. It has the potential to spread,
resulting in the build-up of immune-stimulatory substances that, in theory, ought to enhance
and expand the T-cell response (Chen et al., 2013). One key goal of anticancer treatment
approaches is to induce strong tumour-specific cytotoxic T-cell responses. To trigger native
CD8+ T lymphocytes, antigen-presenting cells (APCs) must present tumour-associated
antigens (Ag) on their MHC class-1 molecule. This procedure is known as cross-priming. The
most significant APCs that present tumour-derived antigens are dendritic cells (DCs)
(Engelhardt et al., 2012). According to recent in vitro and in vivo research, Type-I interferon
(IFN), which includes IFN-a and IFN-B, can be targeted to increase anti-tumour CD8+ T-cell
responses8. IFN-a and IFN-PB activate cross-priming by DC against tumour-associated
antigens, a crucial mechanism for cancer immune surveillance (Schiavoni et al., 2013).
cGAMP causes STING to undergo a conformational shift, which attracts and activates protein
kinase TBK1 at the signalling complex. TBK1 then recruits the transcription factor interferon
regulatory factor 3 (IRF3) to the signalling complex, where it is phosphorylated. 1FN-f,
which controls the expression of more than two hundred interferon-inducible genes and can
inhibit protein synthesis, cause cell growth arrest, and trigger apoptosis, is triggered by
phosphorylated IRF3 (Tanaka et al., 2012).
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Figure 2.6. cGAS-STING signalling mechanism. The DNA sensor cGAS recognises
pathogenic or abnormally localised DNA and creates 2'3’-cCGAMP, which binds to STING.
STING dimerises and translocates from the ER to the Golgi apparatus when activated.
STING is then ubiquitinated, acting as an anchor for TBK1. This causes IRF3 activation and
homodimer formation. When IRF3 is activated, it translocates into the nucleus and induces
the production of type | IFN. Activated STING causes NF-kB-dependent synthesis of
proinflammatory cytokines before transport to the Golgi (Stempel et al., 2019)
(https://biorender.com).

Moreover, epigenetic regulation of STING in colon cancer and melanoma cells causes
silencing of the promoter region and, as a result, suppresses STING expression (Xia et al.,
2016; Xia et al., 2016). DNA methylation, the most extensively researched type of epigenetic
alteration, can significantly influence gene expression. It consists of covalently modifying the
nucleotide cytosine at the five positions at sites preceding guanine (CpG) [1]. It is duplicated
on the daughter strand cytosine at the corresponding CpG by the maintenance enzyme DNA
methyltransferase 1 (DNMT1) during mammalian cell division, frequently leading to gene
silence (Feinberg et al., 2018). DNA methylation is generally used to silence genes. When
methyl groups bind to specific locations in the STING promoter region, they disrupt protein
binding required for gene transcription. This results in lower STING gene expression and, as
a result, decreased STING protein levels. STING methylation is widespread in a variety of
malignancies, including melanoma, glioblastoma, and lung cancer. This silence enables
cancer cells to avoid immune identification and decrease antitumor responses, encouraging
tumour development and treatment resistance (Lin et al., 2022). A deeper exploration of the
complex STING regulation reveals that deacetylation is a counterbalance to acetylation and is
essential for adjusting the immune response. Deacetylation acts as a brake, reducing STING
signalling and averting over-inflammation, whereas acetylation typically increases STING
activity. Histone deacetylases (HDACSs) are specialised enzymes that remove acetyl groups

from lysine residues on the STING protein. Distinct HDACs may target different locations on
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STING, which could affect how it functions differently. It could make it harder for STING to
attach to foreign DNA, reducing the activation threshold and stopping the immune system
from being overstimulated. It might prevent STING from interacting with other signalling
molecules, preventing the downstream immune response machinery from being assembled.
This could encourage the deterioration of STING (Hong et al., 2022). Phosphorylation of
STING happens after autophagosome formation and Golgi trafficking. Further research
revealed that STING phosphorylation inhibits IRF3 activity but not NF-kB activity. In order
to further inhibit sustained function, phosphorylation may also aid in STING breakdown.
After  phosphorylating IRF3, STING appears to be phosphorylated in
autophagosome/endosomal compartments and destroyed, which allows phosphorylated TBK1

to be broken down by proteases (Konno et al., 2013).
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Figure 2.7. The mechanism of p-estradiol-ERa-mediated endometrial carcinogenesis through
HDAC3-dependent STING expression. Inducing apoptosis and reducing proliferation are two
effects of activating the STING signalling system. Furthermore, B-estradiol-ERa may aid in
the repression of STING, while HDAC3-selective inhibition preferentially suppresses
proliferation, speeds up EC death, and derepresses STING expression. By increasing
STING's expression and decreasing tumour growth in endometrial cancer cells, RGFP966, an
HDAC3-selective inhibitor, knocks down or inhibits HDAC3. Utilising mechanical
identification, we ascertained that B-estradiol-ERa attracted HDAC3 and promoted the
deacetylation of histone three lysine 4 by binding to the STING promoter. This, in turn,
decreased the expression of STING (Chen et al., 2022) (https://biorender.com).
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IFN pathways in breast cancer cells are dependent on STING levels. It has been noted that
ER-negative cells exhibit high STING positivity, whereas ER-positive cells express low
STING or negative (Vasiyani et al., 2021). The STING gene promoter's histone deacetylation
can be facilitated by estrogen binding to ERa, effectively silencing and lowering the
expression of the gene. According to studies, estrogen increases HDAC3, which causes

histone deacetylation to inhibit STING expression even further.

2.3.3. Interferon Gamma Protein 16 (IF116)

Hematopoietic interferon-inducible nuclear, or HIN, is a 200-amino acid signature pattern
shared by evolutionarily related proteins that IFI16 and the other members of the IFN-
inducible PYHIN-200 gene family encode (Ludlow et al., 2005). Four distinct members of
this family exist in humans: IF116, Myeloid cell Nuclear Differentiation Antigen (MNDA),
interferon-inducible protein X (IFIX), and absent in melanoma (AIM) (Cridland et al., 2012).
For the first time, IFI16 in lymphoid cells has been characterised (Trapani et al., 1992). It was
later found in the epithelium of the genitourinary tract, the skin, the gastrointestinal tract, and
the breast glands and ducts (Wei et al., 2003). The control of transcription, apoptosis, cell
division and growth, autoimmune, resistance to viruses, and reaction to damaged or viral
DNA are among the cellular processes (Veeranki et al., 2012). IFI16's participation in cellular
senescence-associated cell growth inhibition is linked to its increased expression in older cell
populations. This is partially due to the Rb/E2F and p53/p21 pathways (Choubey et al.,
2008). Research has looked into IFI16 expression in several malignancies. The development
of cancer in cases of breast and prostate cancer is caused by the epithelial cells' decrease of
IF116 expression (Alimirah et al., 2007). On the other hand, elevated IFI16 expression in
ovarian cancer patients was linked to resistance to chemotherapy (Ju et al., 2009). IFNs (a, f,
or v) stimulate the expression of IFI16 protein in various cells. The nuclear localisation signal
(NLS) of the IFI16 protein is bipartite, just like that of several other family members. A
negative regulator of cell growth is the IFI16 protein (Johnstone et al., 1999). Cell growth
arrest linked to cellular senescence is partially caused by elevated IFI16 protein expression in
older cell populations via the p53/p21 pathways (Choubey et al., 2008). Comparing human
breast cancer cell lines to normal mammary epithelial cells, it was found that most of them
expressed lower levels of IFI16 mRNA and protein. Compared to cultured normal human

prostate epithelial cells, most human prostate cancer cell lines and prostate cancer tumours
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either do not express IFI16 mRNA and protein or express it at reduced levels (Xin et al.,
2003; Fujiuchi et al., 2004).

CpG islands, which are collections of cytosine and guanine nucleotides and excellent
candidates for DNA methylation, are found in the IFI16 promoter region. Gene expression is
essentially silenced when DNA methyltransferases (DNMTs) add methyl groups to these
CpG islands. Methyl-CpG binding proteins (MeCP2) and other repressor proteins are drawn
to methylated CpG islands (Ali et al., 2013; Caldiran & Cacan, 2022). These repressors
physically prevent the enzyme RNA polymerase Il, which starts gene transcription, from
binding to DNA. By stopping the IFI16 gene from being translated into mRNA, this blockage
suppresses the expression of the gene (Zhang et al., 2021). lIronically, deacetylation—
removing acetyl groups from histone proteins- can be a silencing mechanism for some genes,
including IF116. Histones are DNA beads that are strung together. When the string is
loosened by acetylation, transcription factors can now reach the beads or genes. Deacetylation
makes the string tighter, making it harder to see the beads and gain access. The deacetylation-
induced compaction of chromatin hinders the ability of RNA polymerase, the transcription-
related enzyme, to bind to the IFI16 promoter, hence leading to the silencing of the gene
(Choubey et al., 2008). Phosphorylation and IFI16 expression are intertwined processes with
multifaceted consequences. Phosphorylation, or the addition of phosphate groups to proteins,
can both activate and repress the production of IFI16. However, this may appear paradoxical
depending on the situation and the particular phosphorylated sites. For IFI16 to engage its
antiviral activities, it must move from the cytoplasm into the nucleus, where phosphorylation
can operate as a passport. IFI16 partners with other proteins drawn to specific
phosphorylation sites, enhancing the protein's capacity to bind to viral DNA and initiate an
immune response. IFI16's antiviral activity can be prolonged, and phosphorylation can
prevent degradation. By exporting IFI16 from the nucleus back to the cytoplasm,
phosphorylation at particular locations can function as a one-way ticket, thereby eliminating
IFI116 from the site of action. Certain phosphorylations cause IFI16's partner proteins to
become less bound, which impairs the protein's ability to function and reduces its antiviral
response. IFI16 can be marked for destruction by phosphorylation at particular locations,
which lowers the protein's overall expression and function (Justice et al., 2021).

Complex variables like cell type, estrogen levels, and the presence of other stimuli can all
affect how estrogen affects IFI16 expression. Its dual ability to increase and decrease IFI16
expression illustrates the complexity of its involvement in controlling this gene. When

estrogen attaches itself to its receptor ERo, HDACS3, a histone deacetylase that suppresses
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gene expression, is drawn to the area and can directly restrict IFI16 transcription. IFI16 can
indirectly suppress by estrogen by encouraging DNA methylation of its promoter region,
which reduces transcriptional accessibility. Estrogen may play a context-specific activation
role in immune cells by enhancing IFI16 expression in concert with the cytokine IFNy.
Indirect effects of estrogen on IFI16 expression can arise from its modulation of other

immunological pathways, including NF-«xB signalling (Ka et al., 2022).

2.4. Interactions between cancer suppresser genes

Deleting LKB1 can potentially disrupt the delicate balance of cellular defence systems by
considerably impacting STING expression in multiple ways. LKB1 is a crucial transcriptional
activator of the STING gene. STING protein levels drop directly due to its loss, which lowers
STING mRNA synthesis. The cell's capacity to detect and react to internal danger signals or
invasive infections is compromised by this downregulation. The regulation of metabolism by
LKBL1 affects the expression of STING. Loss of LKBL1 interferes with energy metabolism,
which raises S-adenosyl methionine (SAM) levels. DNA methyltransferases (DNMTS),
enzymes that add methyl groups to DNA, utilise SAM as a substrate. By silencing the STING
gene promoter, this methylation can further inhibit the production of the gene. In addition to
suppressing gene expression, LKB1 deletion also encourages histone deacetylation, which
may impact STING levels (Kitajima et al., 2019).

The connection between IFI16 and STING: IFI16 interacts with STING when it binds to
foreign DNA in the cytoplasm. STING is activated by this contact, which causes a
conformational change in the protein. After that, activated STING attracts and stimulates
additional signalling molecules, synthesising other immune-stimulating proteins, including
type | interferons (IFNs). Targeting contaminated cells and triggering immune cells to fight
infection, these IFNs and signalling molecules start a robust antiviral response. Additionally,
they cause inflammation, which aids in drawing immune cells to the infection site (Li et al.,
2022).
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Figure 2.8. A functional model for regulating tumour angiogenesis and immune evasion by
LKB1. (A). Increased NADPH oxidase 1 (NOX1) transcript expression is linked to LKB1
loss. By boosting the production of redox oxygen species (ROS) and vascular endothelial
factor (VEGF), NOX1 encourages the angiogenic switch. Lack of AMPK activation increases
hypoxia-inducible factor 1 subunit alpha (HIF-1a) production and downstream targets,
including VEGF and angiopoietin 2 (ANG2), by inducing mTOR activity. Furthermore, the
absence of LKB1 stimulates the production of S-adenosyl methionine (SAM), a substrate for
several epigenetic silencing enzymes, including DNMT1 and EZH2. The expression of the
stimulator of interferon genes (STING) is thereby silenced. Immune escape is facilitated by
STING suppression, which downregulated chemokines that encourage T-cell recruitment.
(B). In addition to suppressing NOX1, LKB1 also suppresses mTOR by activating AMPK.
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As a result, angiogenesis and VEGF expression are decreased. Methyltransferases DNMT1
and EZH2 cannot methylate the STING promoter when AMPK is activated. Additionally,
EZH2 is directly phosphorylated and inhibited by AMPK. Increased antitumor innate
immunity signals result from the production of immune-inflammatory cytokines, which are
caused by the activation of the STING intracellular phosphorylation cascade (Bonanno et al.,
2019) (https://biorender.com).
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Figure 2.9. IF116 dictating STING function (Jensson et al., 2017) (https://biorender.com)

2.5. Drugs Mediated Epigenetics Changes
2.5.1. 17p-Estradiol

The primary female sex hormone, 17p-Estradiol, influences genes in a complex way
involving several pathways. Two nuclear receptors, ERa (estrogen receptor alpha) and ERf
(estrogen receptor beta) are the primary receptors with which estrogen interacts. These
receptors function as transcription factors that are ligand-activated. They undergo structural
changes and become activated upon binding with 17B-Estradiol. The target gene promoters
include specific DNA sequences known as estrogen response elements (ERE), activating ER
binding. ERs bind to the ERE and then recruit more coactivator proteins to help in the
transcription of genes. This causes the target gene to produce more mRNA, which raises the
amount of protein in the end (Lobenhofer et al., 2002). Additionally, through their
interactions with other transcription factors and signalling cascades, ERs can indirectly
control the expression of specific genes. Binding to repressor proteins, preventing the
transcription of target genes, adjusting the stability and translation of mMRNA molecules, and
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changing the accessibility of DNA to other transcription factors. Apart from nuclear
signalling, 17B-Estradiol can also act quickly via G-protein-coupled and membrane-
associated estrogen receptors. These receptors set off signalling cascades that affect
metabolism, apoptosis, and cell division, among other biological functions (Russo et al.,
2002).
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Figure 2.10. 17p-Estradiol structure (C18H2402) (Lamminmaki et al., 2001)
(https://biorender.com).

2.5.2. Vorinostat (SAHA)

A novel medication called Vorinostat, often called suberoylanilide hydroxamic acid (SAHA),
treats cutaneous T cell lymphoma when it does not go away, worsens, or recurs in contrast, or
after other medications have been taken. It has been regarded as a unique medicine for
treating this condition and is effective and well-tolerated (Grant et al., 2007). Both class | and
class Il HDAC enzymes are inhibited by Vorinostat, a broad inhibitor of HDAC activity
(Marks et al., 2005). Nevertheless, class Il HDACs are not inhibited by Vorinostat.
Crystallographic studies have revealed that VVorinostat attaches to the zinc atom of the HDAC
enzyme's catalytic site, protruding its phenyl ring onto the enzyme's surface from the catalytic
domain (Finnin et al., 1999). Histones and other acetylated proteins accumulate upon binding
to the HDAC enzyme, which has a variety of physiological consequences (Secrist et al.,
2003). Both transcriptional and non-transcriptional effects are observed. Vorinostat's direct
HDAC binding may have the desired transcriptional or indirect effects by influencing
different transcriptional variables. Some genes' expression may change (Bereshchenko et al.,
2002). The categories of Vorinostat's non-transcriptional actions are the downregulation of
immunosuppressive interleukins, inhibition of angiogenesis, apoptosis, and cell cycle arrest
(Zhao et al., 2005; Lin et al., 2007).

28



0
H
N
N ™ oH
H

Vorinostat

Created in BioRender.com bio

Figure 2.11. Vorinostat (SAHA) structure (C14H20N203) (Marks et al., 2007).

2.5.3. Decitabine (5-aza-2'-deoxycytidine)

It is a hypomethylating drug that functions in two ways: at low dosages, it reactivates silenced
genes and promotes differentiation; at significant levels, it causes cytotoxicity (Jabbour et al.,
2008). Decitabine's ability to bind to freshly produced DNA is what gives it its anticancer
properties. With two distinct, dose-dependent modes of action, it is an agent exclusive to the
S-phase. Its lethal action at large concentrations result from the enzyme DNA
methyltransferase being covalently trapped within DNA. Its capacity to prevent DNA
hypermethylation and reactivate tumour suppressor genes is probably the reason for its
anticancer action at lower dosages. Decitabine does not impede G1 phase cells' ability to
continue through the cell cycle and enter the S phase at low doses. DNA methyltransferase is
trapped and eventually depleted by low concentrations of decitabine integrated into DNA
(Jones et al., 1980). It normalises the acetylation: methylation ratio and restores gene
expression by increasing H3-lysine 9 acetylation and decreasing H3-lysine 9 methylation.
Decitabine's simultaneous action on histone acetylation and methylation explains why it is

more efficient than histone-deacetylase inhibitors, which do not alter histone methylation, at

reactivating suppressed gene expression (Issa, 2003).
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Figure 2.12. Decitabine (5-aza-2'-deoxycytidine) structure (CsH12N4O4) (Jabbour et al., 2008)
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3. MATERIAL AND METHOD

3.1 MATERIAL

The equipment, chemicals and kits used in this thesis study are given in the Tables below.

Table 3.1. The instruments used in this study.

instrument /Equipment Brand
security cabin ESCO, Class Il, Type A2

Countess TM 3, Invitrogen, ThermoFisher
Automatic Cell Counting Device Scientific

Pro Pipette Controller

accu-jetR pro, BRAND

Centrifuge

micro 200 R Hettich Zentrifugen

Vortex

Velp Scientifica

Mini Centrifuge-Vortex

Combi-Spin, BIOSAN

Humidified CO2
Water Jacket

Incubator

with

NuAire, NU-4850

Heater and Magnetic Stirrer

VELP Scientifica

Microplate Shaker Incubator

PST-60HL, BOECO

Light Microscope

Leica DM IL LED

Fluorescence Microscope

Leica DFC295 S 40/0.45

Precision Scale

Denver Instrument

ELISA License Plate Reader

Thermo Scientific, Multiskan go

Ice Machine Scotsman, AF 80
Micropipette Set Isolab

-20°C Deep Freezer Vestel

-80°C Freezer new brunswick scientific
Autoclave HMC HIRAYAMA

Homogenizer

IKA T10 basic/ ULTRA-TURRAX
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PCR plate reader Analytikjena

PCR plate Bioplastic

Table 3.2 The chemicals used in this study.

Chemicals and Consumables Brand

Dulbecco's Modified Eagle's Medium

(DMEM)/F12(HAM)1:1 SARTORIUS

RPMI-1640 Medium Sigma Life Science

RPMI-1640 Medium (Non-Phenol Red) Capricorn Scientific

L-Glutamine solution Sigma Life Science
Penicillin-streptomycin Biological Industries

Fetal Bovine Serum (FBS) Biological Industries

Phosphate Buffered Saline (PBS) Capricorn scientific

Dimethyl Sulfoxide (DMSO) serva

Trypsin EDTA Solution A Biological Industries

MTT (methylthiazoldiphenyl-tetrazolium

bromide) dye serva

Vorinostat (SAHA) CAYMAN CHEMICAL COMPANY
Decitabine (5-Aza) AK Scientific

17B-Estradiol CAYMAN CHEMICAL COMPANY
Isopropyl Alcohol AMRESCO

Chloroform EMSURE

RiboEX GeneAll

Ripa Buffer Thermo Scientific

Protease inhibitor — EDTA-free

Complete Mini/Roche

ethanol

isolab

methanol

isolab
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Acetic acid isolab

Rnase free water Thermo Scientific
Forward Reverse primers Macrogen
Antibacterial-Antifungal Solution Zefiran Dermocept
Pasteur Pipette isolab

15ml Centrifuge Tubes Nest Scientific
50 ml Centrifuge Tubes Nest Scientific
10 ml Sterile Serological Pipette Nest Scientific
25 ml Sterile Serological Pipette Nest Scientific
100-1000 pl, 20-200 pl and 0.5-10 pl Micropipette | isolab

Sterile filter tip (0.45 pm) sartorius
Pasteur Pipette isolab

6-Well Cell Culture Dish Nest Scientific
12-Well Cell Culture Dish Nest Scientific
96-Well Cell Culture Dish Nest Scientific
2ml Cryovial Tube Nest Scientific
T75 Culture Flask Nest Scientific
T25 Culture Flask Nest Scientific
Microtube tube isolab

Sterile Injector baby
Powder-Free Nitrile Gloves baby
Table 3.3. The kits used in this study.

Kit Brand

One Step gRT-PCR kit for 400 Reactions Snp Bioteknoloji
Human Liver Kinase B1 ELISA Kit BT LAB

32




3.2 METHODS

3.2.1. Cell Culture and Preparation of Drug Concentrations
Cell Culture

All cell culture procedures were performed in a safety cabinet (ESCO, Class Il, Type A2). To
minimise the risk of contamination in the cell culture laboratory, pre-experimental and,
afterwards, ultraviolet light was applied. The work area and materials with 70% ethanol were
cleaned and used. Additionally, cabin environment and used consumables are 10%. While
cleaned regularly with bleach, disposable materials after autoclaving were removed.

This study used ovarian cancer cell line A2780 and its chemoresistance clone A2780AD
cells, available in the cancer research laboratory stocks at Tokat Gaziosmanpasha University,
Department of Molecular Biology and Genetics and endometrium cancer cell line RL95-2
gained from the cancer research laboratory stocks at Erciyes University Kayseri from
assistant professor Ayshe Kubra Karaboga. For culture procedures, 10% fetal bovine serum
(FBS, Biological Industries) and 5mM penicillin-streptomycin (Biological Industries)
solution RPMI-1640 (Sigma-Aldrich) medium for ovarian cancer cell lines and DMEM-F12
(Sigma-Aldrich) medium for endometrium cancer cell line enriched with was preferred. The
cryovial cells removed from the cooler at -80°C were thawed with the help of medium in 50
ml centrifuge tubes and settled to the bottom after centrifugation at 3000 rpm for 3 minutes.
The medium was removed from the resulting pellet, suspended with approximately 15 ml of
fresh media, and the solution was transferred to a 75 cm? culture flask (Corning). Then, the
flasks were placed in an incubator environment with 37°C, 5% CO2 and 80-90% humidity
saturation for the cells to become adherent and proliferate. On the third day of incubation, the
medium was removed from the environment. After washing with 1X phosphate buffered salt
solution (PBS), the fresh medium was transferred back into it. In addition, the culture
processes of chemoresistant A2780AD were continued in a medium containing cisplatin
(Kogak Farma) at a concentration of 3 uM. When the cells reached confluency, passage
procedures were started. For this purpose, the culture dishes were first washed with PBS, and
approximately 5 ml of trypsin-EDTA solution was added. Then, resuspension was achieved
by separating from the base and adding fresh medium. Some of the A2780 and A2780AD
were counted with the help of a hemocytometer and transferred to new culture media as
1,000,000/15 ml and passaged. Specific to the first passage process, the remaining cells, after
counting, were transferred to new 150 cm2 culture flasks and incubated for cell freezing. The
steps in the passaging process were repeated, and a different cell concentration of

1,000,000/ml was transferred to cryovial tubes in a freezing solution of 1% Dimethyl
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sulfoxide (DMSOQ) and 9% fetal bovine serum (FBS, Biological Industries). After the cryovial
tubes were kept at -20 °C for half an hour, they were transferred to the -80°C freezer for long-

term storage.

Preparation of Drug Concentrations

17p-Estradiol, Vorinostat from (CAYMAN Chemical Company) and Decitabine from (AK
Scientific) were available at Tokat Gaziosmanpasha University. Each drug stock solution was
prepared from their powder by measuring a specific amount and dissolved in 1000uL
Dimethyl sulfoxide (DMSO) from the stock solutions; different concentrations for each drug
were prepared. It is detailed in the table below.

The drugs in a powder form, stock solutions and prepared different concentrations were
stored at -20°C, and the prepared different concentrations thawed before being used in
procedures.

Table 3.4. Preparation of Drug Concentrations

Drug Concentrate Drug Amount | Dilution Rate | DMSO Total
1600nM 3.13 uL 1:300 996.87 pL. | 1000pL
17p-Estradiol 6400nM 12.5 pL 1:80 987.5uL | 1000pL
25600nM 50 puL 1:20 950 pL 1000pL
2000pM 50 puL 1:20 950 pL 1000pL
Decitabine 4000uM 100 pL 1:10 900 pL 1000 pL
8000uM 200 pL 1:5 800 puL 1000 pL
20pM 1 puL 1:1000 999 L 1000 pL
Vorinostat 200pM 10 pL 1:100 990 pL 1000 pL
1000pM 50 nL 1:20 950 nLL 1000 pL
2000uM 100 pL 1:10 900 puL 1000 pL

3.2.2. MTT ((3-(4, 5-dimethyl thiazolyl-2)-2, 5-diphenyltetrazolium bromide) assay

Analysis using the MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide)
test to determine the potential effects of 17p-Estradiol, Vorinostat and Decitabine on the
endometrium cancer cell line RL95-2 and ovarian cancer cell lines A2780 and A2780AD
done. MTT test, one of the cytotoxicity determinations tests, measures based on the

colouration of cells using tetrazolium salt. Tetrazolium salts are broken down by
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mitochondrial dehydrogenases, thus reducing to formazan crystals and showing the colour
change. However, only living cells can be created since living mitochondria can break down
the tetrazolium ring. MTT salts are yellow, but the resulting formazan crystals are purple and
insoluble in water. Therefore, it is dissolved in a suitable solvent, Dimethyl sulfoxide
(DMSO0), to measure absorbance. The dissolved formazan and cell viability are directly
proportional, and the spectrophotometer makes measurements at specific wavelengths.

Cells that reached sufficient density during incubation were removed from the incubator, and
the old medium was poured into a container in the laminar cabinet. In order to demonstrate
trypsin activity, the inside of the flask was washed with 10 ml of 1X phosphate buffer saline
(PBS). 3ml trypsin was added and placed in the 37°C incubator for 2-5 minutes. After
incubation, a new medium containing the cells to inactivate trypsin was added to the flask,
and after pipetting, it was transferred to a 50ml falcon tube. It was centrifuged at 3000rpm for
3 minutes. After centrifugation, the pellet in which the supernatant was shed was dissolved
with a new 10ml medium and measured with the help of a hemocytometer. MTT analyses
were applied as stated previously (Berkel et al., 2020; Al-Janabi et al., 2020; Berkel & Cacan,
2021; Kucuk et al., 2021; Saygi & Cacan, 2021). After calculating 10000 cells per well,
10000 cells were planted in 200 pl per well of 96-well plates. The 96-well plate was placed in
the incubator and incubated for 24 hours. After 24 hours of incubation, the drugs (17p-
Estradiol, Vorinostat, Decitabine) used were removed from -20°C and, after thawing,
vortexed before adding, and drugs with their different concentrations and three repetitions for
each concentration were added to the wells containing the cells. After adding drugs, it was
left to incubate for 48 hours. After 48 hours, the remaining part of the MTT steps was carried
out: 10 mg of MTT powder was weighed using a precision balance. 10 mg MTT powder was
dissolved in 2 ml 1X PBS in the laminar cabinet. It was then filtered before being combined
with RPMI 1640 media, which does not contain phenol red, and the solution was made ready.
The media in the 96-well plate removed from the incubator was removed with the help of a
micropipette. Then, 100 pl 1X PBS was added into the wells and washed. Then, 100 pl of the
prepared MTT mixture was added to each well and incubated for 4 hours. After 4 hours, a
dark purple colour change was observed in living cells. All the MTT mixture in the wells was
withdrawn, and 100 pl of DMSO solvent was added and pipetted. It was kept in a shaking
incubator for an hour. At the end of 1 hour, measurements were made at 540 and 570 nm on
the spectrophotometer. The values obtained in the measurement were analysed in Excel and
GraphPad programs graphed, and the appropriate concentration to be used in other

procedures was determined. The highest concentration of each drug was used.
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3.2.3. Cell Migration Assay

Migration assay took place by using 2-well insert silicones. First, the silicones had to be
sterilised, and the steps of sterilisation are like below:
1. All silicones were put into a beaker containing distilled water
2. Tweezer was used, and silicones were taken out from distilled water and put into a
beaker containing 100% ethanol
3. Silicones were put into another beaker containing distilled water
4. Silicones were taken out from distilled water and put into a beaker containing 70%
ethanol
5. Again, silicones were put into another beaker containing distilled water
6. After drying the silicones, they were left under ultraviolet light for a few minutes and
became ready to use.
The silicones were put on a 12-well plate. On the other hand, cells were passaged and
counted, and 50000 cells were put on each side of the silicones. Each side contained 100ul of
the specific media, then incubated for 24 hours. After 24 hours, the cells were observed to be
adherent, and the silicones were taken out carefully. 1000ul media were poured into each
well; after that, Sul of the drugs were put into their specific well. Before drug addition, the
cells were photographed under a fluorescent microscope, and after the drug addition,

photographing was continued for five days.

3.2.4. Blood and Tissue Sample Collection

For this study, tumour and regular tissue collection from gynecologic cancer patients took
place in Irag and blood was taken from each patient. Tissue samples were collected in a 15ml
tube containing PBS after being saved in a -80°C refrigerator. 5 ml of blood was taken from
each patient, 2 ml of it was poured into an EDTA tube after mixing properly with EDTA, it
was poured into a Microtube tube, and another 3 ml of blood was poured into biochemistry
tube and separated to serum and blood cells after that the serum was poured into Microtube
tube, both saved in the -80°C refrigerator. Each tube was labelled with the patient's name and
the cancer type. Samples were brought to Turkey in a container with the help of 10kg of dry
ice and kept frozen after reaching Tokat Gazi Osmanpasha University. They were kept in a -

80°C refrigerator.
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3.2.5. RNA Isolation from Blood, Tissue and Cell
RNA Isolation from Blood

The blood was taken from the -80°C freezer and left to thaw at room temperature for a few
minutes. When it thawed, it gently turned upside down for a few minutes and 500 ul of the
blood from the Microtube tube was taken and added into a new Microtube tube, and 1000ul
Trizol was poured over it into the Microtube tube. It was homogenised by a homogeniser for
1 minute, put on a shaker at 400 rpm for 5 minutes, then homogenised again until it became
homogenous. To precipitate the proteins, 200 pl of chloroform was added, vortexed for a few
seconds, left for 2-3 minutes, and centrifuged at 12000 rpm for 15 minutes at 4°C. After
centrifugation, phase separation (RNA, DNA and protein phase) was observed, and the RNA
phase was carefully withdrawn and transferred to the new Microtube. 500 ul of isopropanol
was added to precipitate the RNA, which was transferred to a separate Microtube and left
overnight at -20°C freezer. The next day, the Microtube contained the isopropanol, and the
RNA was taken out from the -20°C freezer and left at room temperature for thawing. The
microtube was vortexed for a few seconds and then centrifuged at 12000 rpm for 10 minutes
at 4°C. The supernatant in the Microtube tubes removed from the centrifuge was poured. 1 ml
of 75% ethanol was added to obtain pure RNAs in the tubes. RNAs treated with ethanol were
centrifuged at 7500 rpm for 5 minutes at 4°C. After centrifugation, the supernatant was
poured out and left in the laminar cabin for 5-10 minutes to dry with the lids of the
Microtubes open. Then, 40 pl of Nuclease Free H2O was added to dissolve the pellet and
pipetted. The concentration was measured by 1ul of the solution and loaded into the
microplate reader. Absorbance values were measured at 230, 260 and 280 nm wavelengths,
and the concentration calculation was made in Excel as ng/ul by multiplying the 260 nm
wavelength values from the obtained absorbance values by 40.

The isolated RNA samples were stored in the -80°C freezer. Unnecessary freeze-thaw steps

were avoided in order not to reduce the quality of the RNA.

RNA Isolation from Tissue

The sample was taken out from the -80-C freezer and left to thaw at room temperature for a
few minutes. Before it was wholly thawed, a small piece was cut off from the sample, and the
remaining part of the sample was put back into the tube containing PBS and put back into the
-80-C freezer again. The small piece which was cut before was put into the Microtube tube,
and 700ul Trizol was poured over it into the Microtube tube. A homogeniser homogenised

them till they totally became homogenous. To precipitate the proteins, 200 ul of chloroform
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was added, vortexed for a few seconds, left for 2-3 minutes, and centrifuged at 12000 rpm for
15 minutes at 4°C. After centrifugation, phase separation (RNA, DNA and protein phase) was
observed, and the RNA phase was carefully withdrawn and transferred to the new Microtube.
500 pl of isopropanol was added to precipitate the RNA, which was transferred to a separate
Microtube. The microtube was vortexed for a few seconds, incubated for 10 minutes at room
temperature, and then centrifuged at 12000 rpm for 15 minutes at 4°C. The supernatant in the
Microtube tubes removed from the centrifuge was poured. 1 ml of 75% ethanol was added to
obtain pure RNAs in the tubes. RNAs treated with ethanol were centrifuged at 7500 rpm for 5
minutes at 4°C. After centrifugation, the supernatant was poured out and left in the laminar
cabin for 5-10 minutes to dry with the lids of the Microtubes open. Then, 40 ul of Nuclease
Free H2O was added to dissolve the pellet and pipetted. The concentration was measured by 1
ul of the solution and loaded into the microplate reader. Absorbance values were measured at
230, 260 and 280 nm wavelengths, and the concentration calculation was made in Excel as
ng/ul by multiplying the 260 nm wavelength values from the obtained absorbance values by
40.

The isolated RNA samples were stored in the -80°C freezer. Unnecessary freeze-thaw steps

were avoided in order not to reduce the quality of the RNA.

RNA Isolation from Cell

The passage technique mentioned above was used for ovarian cancer cell lines (A2780 and
A2780AD) and endometrium cancer cell line (RL95-2) that reached sufficient density in the
incubator. Then, cell counting was done with the help of a hemocytometer. 500000 cells were
seeded per well of 6-well plates and incubated for 24 hours. At the end of 24 hours, drugs
(17B-Estradiol, Vorinostat and Decitabine) were added to the wells at the concentration
determined according to the data obtained from the MTT test and incubated for 48 hours.
After the incubation, the RNA isolation protocol was started, as stated previously (Morgan et
al., 2015; Cacan & Ozmen, 2020; Karatas et al., 2021). According to the applied protocol, the
media of the cells in the plate wells was first withdrawn, and 1 ml of PBS was added to each
well, waited and carefully withdrawn. To ensure that the cells were separated from the
surface and disrupted, thus allowing the molecules inside the cell to pass into the external
environment, 1 ml of Trizol was added, and the plate was shaken slowly. Then, the cells
removed from the surface after treatment with Trizol were transferred to a Microtube and

gently turned upside down for a few minutes. To precipitate the proteins, 200 pul of
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chloroform was added, vortexed for a few seconds, left for 2-3 minutes and centrifuged at
12000 rpm for 15 minutes at 4°C.

After centrifugation, phase separation (RNA, DNA and protein phase) was observed, and the
RNA phase was carefully withdrawn and transferred to the new Microtube. 500 pul of
isopropanol was added to precipitate the RNA, which was transferred to a separate
Microtube. The microtube was vortexed for a few seconds, incubated for 10 minutes at room
temperature, and then centrifuged at 12000 rpm for 10 minutes at 4°C. The supernatant in the
Microtube tubes removed from the centrifuge was poured. 1 ml of 75% ethanol was added to
obtain pure RNAs in the tubes. RNAs treated with ethanol were centrifuged at 12000 rpm for
2 minutes at 4°C. After centrifugation, the supernatant was poured out and left in the laminar
cabin for 5-10 minutes to dry with the lids of the Microtubes open. Then, 50 ul of Nuclease
Free H2O was added to dissolve the pellet and pipetted. The concentration was measured by 1
ul of the solution and loaded into the microplate reader. Absorbance values were measured at
230, 260 and 280 nm wavelengths, and the concentration calculation was made in Excel as
ng/pl by multiplying the 260 nm wavelength values from the obtained absorbance values by
40.

The isolated RNA samples were stored in the -80°C freezer. Unnecessary freeze-thaw steps

were avoided in order not to reduce the quality of the RNA.

3.2.6. Protein Isolation from Tissue and Cell

Protein Isolation from Tissue

The sample was taken out from the -80°C freezer and left to thaw at room temperature for a
few minutes. Before it was wholly thawed, a small piece was cut off from the sample, and the
remaining part of the sample was put back into the tube containing PBS and put back into the
-80°C freezer again. The small piece which was cut before was put into the Microtube tube.
RIPA buffer for protein isolation from tissues was prepared before, and a proteinase inhibitor
was added. 300 ul of prepared RIPA buffer was added into the Microtube tube. The piece of
the tissue sample inside the Microtube tube was homogenised with the RIPA buffer by
homogeniser for a few minutes and then by sonicator for 30 seconds to be completely
homogenous. 400 pl of the RIPA buffer was added. The Microtube tubes were put on an ice
shaker for 2 hours. Then, the Microtubes were centrifugated at 14000 rpm for 20 minutes at
4°C, and the supernatant, which is the protein phase, was carefully withdrawn and transferred
to the new Microtube.
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Bovine serum albumin (BSA) and Bradford assay were done to determine the concentration
of isolated proteins. 2mg BSA crystals, which is a known protein concentration measured and
dissolved in 1ml Phosphate-buffered saline (PBS) by using a vortex, and the standards
(2mg/ml, 1.5mg/ml, 1mg/ml, 0.75mg/ml, 0.5mg/ml, 0.25mg/ml, 0.125mg/ml) were prepared.
Proteins were brought to room temperature, and a 96-well plate was used to measure the
concentrations of the proteins. By using a multichannel pipet 250ul of the Bradford solution
which was used as a colour reagent, was added to each well, 5ul of standards was added to
standard wells in duplicate form, 5ul of proteins which concentrations were unknown were
also added in duplicate form directly after using proteins they were stored in -80°C freezer,
and 5ul PBS was added to two wells and used as a blank. When the standards and the isolated
proteins were added to the w, the colour of the Bradford was changed from reddish brown to
blue colour, and the darkness of the blue colour depended on the concentration of the
proteins. After pipetting of each well the plate was left at room temperature for 5 minutes. At
the end of 5 minutes, measurements were made at 595 nm on the spectrophotometer. The
values obtained in the measurement were analysed in Excel, and a standard curve was drawn
using standards absorbance. The curve equation was found to find the concentrations of
unknown concentration proteins after subtracting the blank absorbance value from the
standards and proteins absorbance values.

Protein Isolation from Cell

The passage technique mentioned above was used for ovarian cancer cell lines (A2780 and
A2780AD) and endometrium cancer cell line (RL95-2) that reached sufficient density in the
incubator. Then, cell counting was done with the help of a hemocytometer. 500,000 cells
were seeded per well of 6-well plates and incubated for 24 hours. At the end of 24 hours,
drugs (17p-Estradiol, Vorinostat and Decitabine) were added to the wells at the concentration
determined according to the data obtained from the MTT test and incubated for 48 hours.
After 48 hours before taking the cells from the wells, protein lysate was prepared by mixing
RIPA buffer and proteinase inhibitor. Then, the cells were taken from the wells by adding
500 ul trypsin into each well, and the plate was put into the incubator for 3 minutes. After 3
minutes, the plate was checked under a microscope to be sure the cells separated from the
bottom of the plate, and the cell + trypsin mixture was taken from the wells and put into the
Microtube tube and centrifugate at 3000 rpm for 3 minutes at 4°C. The supernatant is
withdrawn carefully, and the pellet remains below. 500 ul cold PBS was added to each

Microtube tube and centrifugated at 3000 rpm for 3 minutes at 4°C to wash the pellet from the
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remaining trypsin. The supernatant was withdrawn carefully, and the pellet remained below.
The 500 ul protein lysate buffer was poured into the Microtubes and put on an ice shaker at
400-500 rpm for 30 minutes. Then, the Microtubes were centrifugated at 12000 rpm for 20
minutes at 4°C, and the supernatant, which is the protein phase, was carefully withdrawn and
transferred to the new Microtube.

Bovine Serum Albumin (BSA) and Bradford assay were done as mentioned above to ensure
the presence of protein in the cells. The isolated protein samples were stored in the -80°C

freezer. Unnecessary freeze-thaw steps were avoided not to reduce the quality of the proteins.

3.2.7. Quantitative Real-time Polymerase Chain Reaction (QRT-PCR)

Before the experiment, primers were ordered to amplify transcripts in quantitative real-time
PCR and Eva Green one-run real-time PCR kit 2X. The components' concentrations and the
technique corresponding with this kit were processed. Humanising genomics macrogen gave
information on the methods utilised to dissolve and alter the primer concentrations for the
gRT-PCR study.

The GAPDH gene was utilised as a calibrator to compare the gene expressions of the various
groups. Table 3.5. provides the primer sequences utilised in the gRT-PCR analysis.

Table 3.5. Primer sequences for qRT-PCR analysis

Gen Forward Primer Reverse Primer Reference

LKB1 CTACTGAGGAGGTTACG | ACGCTGTCCAGCATTTCC | Koivunen et al.,
GCACA TGCA 2008

STING | CCTGAGTCTCAGAACAA | GGTCTTCAAGCTGCCCAC | Balagunaseelan,
CTGCC AGTA 2014

IFI16 GATGCCTCCATCAACAC | CTGTTGCGTTCAGCACCA | Baggetta et al.,
CAAGC TCAC 2010

GAPDH | AATGAATGGGCAGCCGT | TAGCCTCGCTCCACCTGA | Cacan, 2016

A CT

The total volume of component concentrations prepared according to the protocol was
completed to 10.5ul in a PCR 96-well microplate. The amounts and concentrations used for

each reaction are given in Table 3.6.
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Table 3.6. Volumes of each reaction used in gRT-PCR experiments.

Ingredients Utilized

Amount Utilized for Every Reaction

Eva Green One step qRT-PCR master mix Sul
Forward primer 0.75ul
Reverse primer 0.75ul
RNA template 4ul

The components prepared according to the protocol were transferred to a PCR 96-well

microplate and placed in the PCR device (Analytik Jena) to perform the PCR steps. PCR

steps are given in Table 3.7.

Table 3.7. Steps required for the one-step PCR process

Program Number of | Analysis Temperature | Duration Acquisition
Phases Cycles Mode (°C) Mode
Reverse 1 None 45°C 15:00 none
Transcription
Step
Initial 1 None 95°C 03:00 none
Denaturation
Amplification | 40 Quantification | Denaturation, | 00:10 none
Stage 95°C
Binding, 55°C | 00:30 none
Amplification, | 00:30 single
72°C
Cooling 1 None 37°C 00:15 none
Phase

Following the completion of the experiment, the procedure was followed in accordance with

the Ct values discovered. Nevertheless, the housekeeping gene, GAPDH, was identified as
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the Ct calibrator when examining the Ct values of related genes. Relative gene expression

was performed using the Livak (2-AAct) technique.

3.2.8. Enzyme-Linked Immunosorbent Assay (ELISA)

Before the experiment, a Human Liver Kinase B1 ELISA kit was ordered. The components'
concentrations and the technique corresponding with this kit were processed. Furthermore,
the protein concentrations from cells, serum and tissue were measured by Bovine Serum
Albumin (BSA) and Bradford assay, as mentioned above. The amounts and concentrations of

reagents used for the reaction are given in Table 3.8.

Table 3.8. Volume of each reagent provided in the Kit.

Components Quantity (96 tests)
Standard Solution (16ng/ml) 0.5ml x1

Standard Diluent 3ml x1
Streptavidin-HRP 6ml x1

Stop Solution 6ml x1

Substrate Solution A 6ml x1

Substrate Solution B 6ml x1

Wash Buffer Concentrate (25x) 20ml x1
Biotinylated Human LKB1 Antibody Iml x1

To start the assay, standards were prepared according to the instructions in the kit. Table 3.9
summarises the standards preparation by standard solution and standard diluent, and standard

diluent was used as zero standard.

Table 3.9. Standards preparation.

8ng/ml Standard No.5 120ul Original Standard + 120pul Standard Diluent

4ng/ml Standard No.4 120ul Standard No.5 + 120ul Standard Diluent

2ng/ml Standard No.3 120ul Standard No.4 + 120pl Standard Diluent
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1ng/mi Standard No.2 120ul Standard No.3 + 120ul Standard Diluent

0.5ng/ml | Standard No.1 120ul Standard No.2 + 120ul Standard Diluent

All steps of the assay procedure were done according to the instructions; at the end of the
procedure, the 96-well microplate had to be read in 10 minutes. At the end of 10 minutes,
measurements were made at 450 nm on the spectrophotometer. The values obtained in the
measurement were analysed in Excel, and a standard curve was drawn by using standards
absorbance and the curve equation was found to find the concentrations of LKB1 protein in
each sample after subtracting the blank absorbance value from the standards and protein

absorbance values.

3.2.9. Data Analysis and Visualization

This study compared and examined MTT tests between the experimental and control groups.
Since the controls had 100% viability, the alterations in the experimental groups were thus
noted. Analysis was carried out in gqRT-PCR assays using the Livak (2-AAct) method. In the
Livak technique, on the other hand, the target genes' observed expression levels were
assessed, and the control groups were set to 1. The results between the target genes and the
control group were statistically compared using the Student's T-test method. When a situation
was statistically significant, an asterisk symbol visualised P values of 0.05 and lower. (P <
0.0001 in **** P <0.001 in *** P <0.01 in **, and P < 0.05 in *). The ELISA study used
an Excel formula for standard absorbance to determine the protein concentration. The
GraphPad software was the one of choice for visuals of the results of gRT-PCR and ELISA
assays. 0-24-48-96-120 are the microscope pictures following drug applications. A Leica
DFC295 S 40/0.45 was used to capture time intervals. Software called Leica Application

Suite v+ was used to prepare the photos.
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4. RESULTS
4.1. Cell Viability Assays

4.1.1. Determination of the cytotoxic effects of 17p-Estradiol, Vorinostat and Decitabine
on the chemosensitive ovarian cancer cell line.

Cell culture investigations examined the survival responses of chemosensitive ovarian cancer
cell line A2780 against drugs (17p-Estradiol, Vorinostat and Decitabine) at varying doses. In
order to do this, A2780 was treated with (8 nM, 32 nM and 128 nM) of 173-Estradiol, (0.1
uM, 1 uM, 5 uM and 10 pM) of Vorinostat and (10 uM, 20 uM and 40 uM) Of Decitabine for
24 hours.

Using MTT tests, the percentage of viable cells following (17B-Estradiol, Vorinostat and
Decitabine) treatment was ascertained. At 8uM, 17p-Estradiol exhibited significant
cytotoxicity in chemo-resistant A2780. Vorinostat and Decitabine's effect on viability was
significant in all concentrations, statistically shown in (Figure 4.1) A2780 was not very

sensitive to any of the drugs.
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Figure 4.1. Effect of drugs on the proliferation of ovarian cancer cell line A2780. Variations
in the percentage proliferation data of A2780 following applications of A) 17p-Estradiol (8
nM, 32 nM and 128 nM). B) Vorinostat (0.1 uM, 1 uM, 5 uM and 10 uM). C) Decitabine (10
uM, 20 uM and 40 uM). Mean % proliferation is shown by bars, and +SEM is indicated by
error bars. Statistical comparisons were performed with the control group as a point of
reference (*¥***: P <0.0001; ***: P <0.001; **: P <0.01; *: P <0.05).

4.1.2. Determination of the cytotoxic effects of 17p-Estradiol, Vorinostat and Decitabine
on the chemoresistant ovarian cancer cell line.

The survival responses of chemoresistant ovarian cancer cell line A2780AD against different
doses of drugs (17p-Estradiol, Vorinostat, and Decitabine) were investigated by cell culture
experiments. To do this, 8 nM, 32 nM, and 128 nM of 17B-Estradiol, 0.1 uM, 1 uM, 5 uM,
and 10 uM of Vorinostat, and 10 uM, 20 uM, and 40 uM of Decitabine were administered to
A2780 for 24 hours.

Using MTT tests, the percentage of viable cells following (17f-Estradiol, Vorinostat and
Decitabine) treatment was ascertained. In all concentrations, 17p-Estradiol increases cancer
cell line viability significantly. In exposure to Vorinostat and Decitabine, the cell viability
declined significantly, as the A2780 cell line A2780AD was not that sensitive to a decline in
the cell viability by less than 50%, as statistically shown in (Figure 4.2).
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Figure 4.2. Effect of drugs on the ovarian cancer cell line A2780AD proliferation. Variations
in the percentage proliferation data of A2780AD following applications of A) 17B-Estradiol
(8 nM, 32 nM and 128 nM). B) Vorinostat (0.1 uM, 1 uM, 5 uM and 10 uM). C) Decitabine
(10 uM, 20 pM and 40 pM). Mean % proliferation is shown by bars, and +SEM is indicated
by error bars. Statistical comparisons were performed with the control group as a point of
reference (****: P <0.0001; ***: P <0.001; **: P <0.01; *: P <0.05).

4.1.3. Determination of the cytotoxic effects of 17p-Estradiol, Vorinostat and Decitabine
on the endometrium cancer cell line.

Cell culture tests examined the survival responses of the endometrium cancer cell line RL95-
2 against various drug dosages (17p-Estradiol, Vorinostat, and Decitabine). In order to do
this, RL95-2 was given 8 nM, 32 nM, and 128 nM of 17B-Estradiol, 0.1 uM, 1 uM, 5 uM,
and 10 uM of Vorinostat, and 10 uM, 20 uM, and 40 uM of Decitabine over a day. The

percentage of viable cells after treatment with 17B-Estradiol, VVorinostat, and Decitabine was
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determined using MTT assays. 17B-Estradiol considerably boosts the viability of the cancer

cell line at all doses. The cells of endometrium cancer cell lines were more sensitive to
Vorinostat and 5 uM, and 10 uM of this drug decreased the cell proliferation by less than
50%. The cells were significantly sensitive to Decitabine but not as sensitive as Vorinostat.

Presented statistically in (Figure 4.3).
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Figure 4.3. Effect of drugs on the endometrium cancer cell line RL95-2 proliferation.
Variations in the percentage proliferation data of RL95-2 following applications of A) 173-
Estradiol (8 nM, 32 nM and 128 nM). B) Vorinostat (0.1 uM, 1 uM, 5 uM and 10 uM). C)
Decitabine (10 uM, 20 uM and 40 uM). Mean % proliferation is shown by bars, and +SEM is
indicated by error bars. Statistical comparisons were performed with the control group as a
point of reference (****: P <0.0001; ***: P <0.001; **: P <0.01; *: P <0.05).

Totally, the cell line's viability toward drugs was not that sensitive to decrease the cell line’s

proliferation below 50%, and the IC50 concentration was not determined for any drug.
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Furthermore, the highest concentration of each drug was determined to be used in other
procedures. Figure 4.4 - 4.6 displays microscope pictures of the highest concentration

applications in the experimental groups of these cells.

Figure 4.4. Microscope images of ovarian cancer cell line A2780 after drug application. Al-
Microscopic image of A2780 cells after 1 hour of E2 application A2- Microscopic image of
A2780 cells after 48 hours of E2 application B1- Microscopic image of A2780 cells after 1
hour of SAHA application B2- Microscopic image of A2780 cells after 48 hours of SAHA
application C1- Microscopic image of A2780 cells after 1 hour of 5-Aza application C2-
Microscopic image of A2780 cells after 48 hours of 5-Aza application (10x objective, 200 um
scale) (E2 = 17p-Estradiol, SAHA = Vorinostat, 5-Aza = Decitabine)
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Figure 4.5. Microscope images of ovarian cancer cell line A2780AD after drug application.
Al- Microscopic image of A2780AD cells after 1 hour of E2 application A2- Microscopic
image of A2780AD cells after 48 hours of E2 application B1- Microscopic image of
A2780AD cells after 1 hour of SAHA application B2- Microscopic image of A2780AD cells
after 48 hours of SAHA application C1- Microscopic image of A2780AD cells after 1 hour of
5-Aza application C2- Microscopic image of A2780AD cells after 48 hours of 5-Aza
application (10x objective, 200 um scale) (E2 = 17p-Estradiol, SAHA = Vorinostat, 5-Aza =
Decitabine)
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Figure 4.6. Microscope images of endometrium cancer cell line RL95-2 after drug
application. Al- Microscopic image of RL95-2 cells after 1 hour of E2 application A2-
Microscopic image of RL95-2 cells after 48 hours of E2 application B1- Microscopic image
of RL95-2 cells after 1 hour of SAHA application B2- Microscopic image of RL95-2 cells
after 48 hours of SAHA application C1- Microscopic image of RL95-2 cells after 1 hour of 5-
Aza application C2- Microscopic image of RL95-2 cells after 48 hours of 5-Aza application
(10x objective, 200 um scale) (E2 = 17p-Estradiol, SAHA = Vorinostat, 5-Aza = Decitabine)

4.2. Impact of 17p-Estradiol, Vorinostat and Decitabine treatment on cell lines
migration

4.2.1. Impact of 17p-Estradiol, Vorinostat and Decitabine treatment on chemosensitive
ovarian cancer cell line migration (A2780)

The concentrations of (128nM of estrogen, 10uM of Vorinostat and 40uM of Decitabine)
were chosen after the MTT results. In 12-well plates, cells were sown. Drugs were introduced
after the 24-hour incubation period. Using a fluorescence microscope, the effects on the
migration of cells were seen at 0 hours, 24 hours, 48 hours, 72 hours, 96 hours and 120 hours.
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We evaluated microscopic images from cell migration studies done on the A2780 ovarian
cancer cell line at the first hour and at the end of the 24th hour after treatment with specific
concentrations of drugs. Cell migration experiments revealed that treatment with 10uM and
40uM concentrations of Vorinostat and Decitabine, respectively, slowed cell growth and
proliferation compared to the control group, resulting in reduced cell migration. However, it
was vice versa with estrogen treatment (Figure 4.7).




Figure 4.7. Cell microscopic images at the first 0 and 24 hours after treatment with 173-
Estradiol, Vorinostat and Decitabine in the A2780 chemosensitive ovarian cancer cell line.
Al- Microscopic image of A2780cell lines in the control group at 0-hour A2- Microscopic
image of the control group after 24 hours B1- Microscopic image of A2780 cells after
treatment with E2 (128 nM) in the experimental groups at 0-hour B2-Microscopic image of
A2780 cells treated with E2 (128 nM) at 24 hours C1- Microscopic image of A2780 cells
treated with SAHA (10 uM) for 0 hour C2- Microscopic image of A2780 cells treated with
SAHA (10 uM) for 24 hours D1- Microscopic image of A2780 cells treated with 5-Aza (40
uM) for 0 hour D2- Microscopic image of A2780 cells treated with 5-Aza (40 uM) for 24
hours (10x objective 200 um scale).

We evaluated the microscopic images at the 48th and 72nd hours following treatment with
concentrations of drugs in cell migration studies done on the A2780 ovarian cancer cell line.
After the 72nd hour, there was apparent cell movement in the control and estrogen-treated
groups, and the migration gap would be closed. Cell migration decreased in the groups treated
with 10uM concentration of Vorinostat and 40uM concentration of Decitabine compared to
the control group, and the cells leading to death increased in the shape of the cells. (See
Figure 4.8).
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Figure 4.8. Cell microscopic images at 48 and 72 hours after treatment with 17p-Estradiol,
Vorinostat and Decitabine in the A2780 chemosensitive ovarian cancer cell line. Al-
Microscopic image of A2780 cell lines in the control group at 48 hours A2- Microscopic
image of the control group after 72 hours B1- Microscopic image of A2780 cells after
treatment with E2 (128 nM) in the experimental groups at 48 hours B2-Microscopic image of
A2780 cells treated with E2 (128 nM) at 72 hours C1- Microscopic image of A2780 cells
treated with SAHA (10 uM) for 48 hours C2- Microscopic image of A2780 cells treated with
SAHA (10 uM) for 72 hours D1- Microscopic image of A2780 cells treated with 5-Aza (40
uM) for 48 hours D2- Microscopic image of A2780 cells treated with 5-Aza (40 uM) for 72
hours (10x objective 200 um scale).

We analysed the microscopic images taken 96 and 120 hours after treating the A2780 ovarian
cancer cell line with specific concentrations of drugs as part of cell migration tests. By the
conclusion of the 120th hour, there was a noticeable cell movement in the control group and
128nM estrogen-treated group, and the migration gap was closed. On the other hand, it was
noted that in the groups administered 10uM concentration of Vorinostat and 40uM
concentration of Decitabine, there was less cell movement than in the control group, and the

shape of the cells that ultimately led to death increased. (See Figure 4.9).
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Figure 4.9. Cell microscopic images at 96 hours and 120 hours after treatment with 17p3-
Estradiol, Vorinostat and Decitabine in the A2780 chemosensitive ovarian cancer cell line.
Al- Microscopic image of A2780 cell lines in the control group at 96 hours A2- Microscopic
image of the control group after 120 hours B1- Microscopic image of A2780 cells after
treatment with E2 (128 nM) in the experimental groups at 96 hours B2-Microscopic image of
A2780 cells treated with E2 (128 nM) at 120 hours C1- Microscopic image of A2780 cells
treated with SAHA (10 uM) for 96 hours C2- Microscopic image of A2780 cells treated with
SAHA (10 uM) for 120 hours D1- Microscopic image of A2780 cells treated with 5-Aza (40
uM) for 96 hours D2- Microscopic image of A2780 cells treated with 5-Aza (40 uM) for 120
hours (10x objective 200 um scale).

4.2.2. Impact of 17p-Estradiol, Vorinostat and Decitabine treatment on chemoresistant
ovarian cancer cell line migration (A2780AD)

We analysed microscopic pictures from cell migration experiments conducted on the ovarian
cancer cell line A2780AD at the beginning and conclusion of the 24th hour following
treatment with particular drug concentrations. According to cell migration experiments,
treatment with 10uM and 40uM concentrations of Decitabine and Vorinostat, respectively,
slowed down cell proliferation and growth in comparison to the control group, which in turn
led to less cell migration; however, when estrogen was administered, the opposite occurred
(Figure 4.10).




control
Ohr 24hrs

Figure 4.10. Cell microscopic images at the first 0 and 24 hours after treatment with 173-
Estradiol, Vorinostat and Decitabine in the A2780AD chemoresistant ovarian cancer cell line.
Al- The control group at 0-hour A2- The control group after 24 hours B1- A2780AD cells
after treatment with E2 (128 nM) in the experimental groups at 0-hour B2- A2780AD cells
treated with E2 (128 nM) at 24 hours C1- A2780AD cells treated with SAHA (10 uM) for O-
hour C2- A2780AD cells treated with SAHA (10 uM) for 24 hours D1- A2780AD cells
treated with 5-Aza (40 uM) for 0-hour D2- A2780AD cells treated with 5-Aza (40 uM) for 24
hours (10x objective 200 um scale).

In cell migration tests on the A2780AD ovarian cancer cell line, we assessed microscopic
pictures 48 and 72 hours after treatment with different drug concentrations. At the end of the
72nd hour, there was visible cell movement in both the control and estrogen-treated groups,
and the migration gap was closing. Cell migration was reduced in the groups treated with
10M Vorinostat and 40M Decitabine compared to the control group, and the number of cells
that died rose in the form of the cells. (See Fig. 4.11).

A2
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Figure 4.11. Cell microscopic images at 48 hours and 72 hours after treatment with 17p-
Estradiol, VVorinostat and Decitabine in the A2780AD chemoresistant ovarian cancer cell line.
Al- The control group at 48 hours A2- The control group after 72 hours B1- A2780AD cells
after treatment with E2 (128 nM) in the experimental groups at 48 hours B2- A2780AD cells
treated with E2 (128 nM) at 72 hours C1- A2780AD cells treated with SAHA (10 uM) for 48
hours C2- A2780AD cells treated with SAHA (10 uM) for 72 hours D1- A2780AD cells
treated with 5-Aza (40 uM) for 48 hours D2- A2780AD cells treated with 5-Aza (40 uM) for
72 hours (10x objective 200 um scale).
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We examined microscopic images obtained 96 and 120 hours after the A2780AD ovarian
cancer cell line was treated with specific drug concentrations as part of cell migration assays.
By the 120th hour, there was considerable cell movement in both the control and 128nM
estrogen-treated groups, and the migration gap had narrowed. On the other hand, it was
discovered that in the groups given 10M Vorinostat and 40M Decitabine, there was less cell
mobility than in the control group, and the form of the cells that eventually led to death
increased. (See Fig. 4.12).

Figure 4.12. Cell microscopic images at 96 hours and 120 hours after treatment with 17p-
Estradiol, VVorinostat and Decitabine in the A2780AD chemoresistant ovarian cancer cell line.
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Al- The control group at 96 hours A2- The control group after 120 hours B1- A2780AD cells
after treatment with E2 (128 nM) in the experimental groups at 96 hours B2- A2780AD cells
treated with E2 (128 nM) at 120 hours C1- A2780AD cells treated with SAHA (10 uM) for
96 hours C2- A2780AD cells treated with SAHA (10 uM) for 120 hours D1- A2780AD cells
treated with 5-Aza (40 uM) for 96 hours D2- A2780AD cells treated with 5-Aza (40 uM) for
120 hours (10x objective 200 um scale).

4.2.3. Impact of 17p-Estradiol, Vorinostat and Decitabine treatment on endometrium
cancer cell line migration (RL95-2)

We evaluated microscopic images from cell migration studies done on the RL95-2
endometrium cancer cell line at the first hour and at the end of the 24th hour after treatment
with specific concentrations of drugs. Cell migration experiments revealed that treatment with
10uM and 40uM concentrations of Vorinostat and Decitabine, respectively, slowed cell
growth and proliferation compared to the control group, resulting in reduced cell migration.

However, it was vice versa with estrogen treatment (Figure 4.13).




Figure 4.13. Cell microscopic images at the first 0 and 24 hours after treatment with 17p-
Estradiol, Vorinostat and Decitabine in the RL95-2 endometrium cancer cell line. Al- The
control group at O-hour A2- The control group after 24 hours B1l- RL95-2 cells after
treatment with E2 (128 nM) in the experimental groups at 0-hour B2- RL95-2 cells treated
with E2 (128 nM) at 24 hours C1- RL95-2 cells treated with SAHA (10 uM) for 0-hour C2-
RL95-2 cells treated with SAHA (10 uM) for 24 hours D1- RL95-2 cells treated with 5-Aza
(40 uM) for 0-hour D2- RL95-2 cells treated with 5-Aza (40 uM) for 24 hours (10x objective
200 pum scale).

In cell migration tests on the RL95-2 endometrium cancer cell line, we assessed microscopic
pictures 48 and 72 hours after treatment with different drug concentrations. At the end of the
72nd hour, there was visible cell movement in both the control and estrogen-treated groups,
and the migration gap was closing. Cell migration was reduced in the groups treated with
10uM Vorinostat and 40uM Decitabine compared to the control group, and the number of
cells that died rose in the form of the cells. (See Fig. 4.14).




Figure 4.14. Cell microscopic images at 48 hours and 72 hours after treatment with 17p-
Estradiol, Vorinostat and Decitabine in the RL95-2 endometrium cancer cell line. Al- The
control group at 48 hours A2- The control group after 72 hours B1- RL95-2 cells after
treatment with E2 (128 nM) in the experimental groups at 48 hours B2- RL95-2 cells treated
with E2 (128 nM) at 72 hours C1- RL95-2 cells treated with SAHA (10 uM) for 48 hours C2-
RL95-2 cells treated with SAHA (10 uM) for 72 hours D1- RL95-2 cells treated with 5-Aza
(40 uM) for 48 hours D2- RL95-2 cells treated with 5-Aza (40 uM) for 72 hours (10x
objective 200 um scale).

We analysed the microscopic images taken 96 and 120 hours after treating the RL95-2
endometrium cancer cell line with specific concentrations of drugs as part of cell migration
tests. By the conclusion of the 120th hour, there was a noticeable cell movement in the
control group and 128nM estrogen-treated group, but the migration gap was not closed. On
the other hand, it was noted that in the groups administered 10uM concentration of Vorinostat
and 40uM concentration of Decitabine, there was significantly less cell movement in
Decitabine-treated cells, and there was no cell movement in Vorinostat-treated cells in

comparison to the control group, and the shape of the cells that ultimately led to death

increased. (See Figure 4.15).




Figure 4.15. Cell microscopic images at 96 hours and 120 hours after treatment with 17p-
Estradiol, Vorinostat and Decitabine in the RL95-2 endometrium cancer cell line. A1l- The
control group at 96 hours A2- The control group after 120 hours B1- RL95-2 cells after
treatment with E2 (128 nM) in the experimental groups at 96 hours B2- RL95-2 cells treated
with E2 (128 nM) at 120 hours C1- RL95-2 cells treated with SAHA (10 uM) for 96 hours
C2- RL95-2 cells treated with SAHA (10 uM) for 120 hours D1- RL95-2 cells treated with 5-
Aza (40 uM) for 96 hours D2- RL95-2 cells treated with 5-Aza (40 uM) for 120 hours (10x
objective 200 um scale).

4.3. Investigations on the Effects of Drugs on Some Cancer Suppresser Gene Expression
The effects of 17p-Estradiol, Vorinostat and Decitabine on regulating LKB1, STING and
IF116 genes involved in inhibiting tumour growth were then investigated. To investigate the
potential effects of 17B-Estradiol, Vorinostat and Decitabine on the identified genes, the
concentrations of (128nM of estrogen, 10uM of Vorinostat and 40uM of Decitabine) that
affect cell viability above 50% in ovarian cancer cell lines (A2780 and A2780AD) and
endometrium cancer cell line (RL95-2) were chosen, and RNA isolation experiments were
carried out. gRT-PCR analyses were carried out immediately following the RNA isolation

step.

4.3.1 Potential effects of 17p-Estradiol, Vorinostat and Decitabine on the modulation of
LKB1 gene expression levels in A2780, A2780AD and RL95-2 cells.

A2780, A2780AD ovarian cancer cell lines and RL95-2 endometrium cancer cell line were
treated with 17p-Estradiol, Vorinostat and Decitabine. RNA was separated from the treated
cells, and qRT-PCR analysis was used to extract cDNA from the separated RNA. Based on
the collected data, it was found that when 17-Estradiol and Vorinostat were applied to the
cell lines, the LKB1 gene expression level decreased in A2780 than the control group. At the
same time, Decitabine declined the gene expression in A2780 and RL95-2 cell lines, as

shown in (figure 4.16).
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Figure 4.16. LKB1 gene expression in A2780, A2780AD ovarian cancer cell lines and RL95-
2 endometrium cancer cell line after treatment with 17p-Estradiol, Vorinostat and Decitabine.
The experimental groups were supplemented with 5 ul/mL of drugs. Error bars show +SEM,
and comparisons were performed using the Livak (2*-ddCT) method. Normalisation to the
GAPDH control gene was used to compute the results, and the control value was maintained
at 1. Three iterations of the trials were conducted.

4.3.2 Potential effects of 178-Estradiol, Vorinostat and Decitabine on the modulation of
STING gene expression levels in A2780, A2780AD and RL95-2 cells.

Decitabine, Vorinostat, and 17p-Estradiol were used to treat the ovarian cancer cell lines
A2780 and A2780AD and the endometrial cancer cell line RL95-2. After the treated cells'
RNA was separated, cCDNA was extracted from the separated RNA using qRT-PCR analysis.
Based on the data gathered, it was discovered that when 17p-Estradiol and Decitabine were
administered to the cell lines, RL95-2 showed a higher level of STING gene expression than
the control group. Gene expression decreased in A2780AD after applying all drugs, as seen in
(figure 4.17).
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Figure 4.17. STING gene expression in A2780, A2780AD ovarian cancer cell lines and
RL95-2 endometrium cell lines after treatment with 17B-Estradiol, Vorinostat and Decitabine.
The experimental groups were supplemented with 5 ul/mL of drugs. Error bars show +SEM,
and comparisons were performed using the Livak (2*-ddCT) method. Normalisation to the
GAPDH control gene was used to compute the results, and the control value was maintained
at 1. Three iterations of the trials were conducted.

4.3.3 Potential effects of 178-Estradiol, Vorinostat and Decitabine on the modulation of
IF116 gene expression levels in A2780, A2780AD and RL95-2 cells.

The ovarian cancer cell lines A2780 and A2780AD and the endometrial cancer cell line
RL95-2 were treated with decitabine, vorinostat, and 17p-estradiol. Using gRT-PCR analysis,
cDNA was isolated from the separated RNA of the treated cells after the RNA was separated.
Based on the data collected, it was found that RL95-2 displayed higher levels of IFI16 gene
expression than the control group when 17-Estradiol was applied to the cell lines, gene
expression reduced in all cell lines after applying Decitabine, and when cells treated with
Vorinostat IF116 gene expression declined in RL95-2 and A2780, as shown in (figure 4.18).
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Figure 4.18. IFI16 gene expression in A2780, A2780AD ovarian cancer cell lines and RL95-2
endometrium cancer cell line after treatment with 17p-Estradiol, Vorinostat and Decitabine.
The experimental groups were supplemented with 5 ul/mL of drugs. Error bars show +SEM,
and comparisons were performed using the Livak (2*-ddCT) method. Normalisation to the
GAPDH control gene was used to compute the results, and the control value was maintained
at 1. Three iterations of the trials were conducted.

4.4. Studies on the expression of genes in tissue and blood samples from both healthy
individuals and patients with gynecologic cancer.

4.4.1 LKB1 gene expression levels in blood samples taken from regular and gynecologic
cancer patients.

cDNA was extracted after the RNA from the tissue samples was separated. In the course of this
investigation, total RNAs were extracted from a total of 42 patients, comprising 26 patients (n = 8)
with ovarian cancer, 18 patients with endometrial cancer, and 16 healthy persons without cancer.
Figure 4.19 illustrates that although our gRT-PCR data indicated a tendency toward higher LKB1
gene expression in patients with endometrial and ovarian cancers compared to control groups,

statistical significance was not attained.
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Figure 4.19. Determination of transcription levels of target genes LKB1 in the blood of
ovarian cancer, endometrium cancer and control group patients using gRT-PCR. The data
obtained were normalised to the GAPDH level, the housekeeping gene. Statistical
significance was calculated using One Way ANOVA - t test (non-parametric) Mann Whitney
U test (*: p <=0.05; **: p<=0.01, ***: p<=0.001).

4.4.2 STING gene expression levels in blood samples taken from regular and
gynecologic cancer patients.

cDNA was extracted after the RNA in the blood samples was separated. Based on collected
data, it was found that most patients with gynecologic cancer had gene expressions lower
than those found in normal samples, and some showed higher gene expressions relative to the

normal samples, as Figure 4.20 illustrates, and there was not statistical significance.
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Figure 4.20. Figure 4.19. Determination of transcription levels of target genes STING in the
blood of ovarian cancer, endometrium cancer and control group patients using gRT-PCR. The
data obtained were normalised to the GAPDH level, the housekeeping gene. Statistical
significance was calculated using One Way ANOVA - t test (non-parametric) Mann Whitney
U test (*: p <=0.05; **: p<=0.01, ***: p<=0.001).

4.4.3 IF116 gene expression levels in blood samples taken from regular and gynecologic
cancer patients.

Following the separation of the RNA in the blood samples, cDNA was extracted. Figure 4.21
shows that, according to the data gathered, most patients with gynecologic cancer had higher
gene expressions than those found in normal samples. In contrast, some had fewer gene

expressions than the normal samples. No statistical significance could be reached.
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Figure 4.21. Determination of transcription levels of target genes IFI16 in the blood of
ovarian cancer, endometrium cancer and control group patients using gRT-PCR. The data
obtained were normalised to the GAPDH level, the housekeeping gene. Statistical
significance was calculated using One Way ANOVA - t test (non-parametric) Mann Whitney
U test (*: p<=0.05; **: p<=0.01, ***: p<=0.001).

When all the genes in patients with gynaecological cancer were examined, the samples with
higher levels of gene expression were identical across all genes, and the majority of these
samples belonged to the group that received chemotherapy. Paclitaxel, Bevacizumab, and

Carboplatin were the chemotherapies used.
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4.4.4 LKB; gene expression levels in tissue samples taken from regular and gynecologic

cancer patients.

Following the separation of the RNA from the tissue samples, cDNA was extracted. Within
the scope of this study, total RNAs were isolated from a total of 26 patients (n= 8) with
ovarian cancer (n= 18) endometrial cancer and (n= 16) healthy individuals without cancer
(total n= 42). While our qRT-PCR results noted a trend towards an increase in LKB1 gene
expression in ovarian cancer and endometrial cancer patients compared to control groups,

statistical significance was not reached, as shown in Figure 4.22.
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Figure 4.22. Determination of transcription levels of target genes LKB1 in ovarian cancer,
endometrium cancer and control group patients using qRT-PCR. The data obtained were
normalised to the GAPDH level, the housekeeping gene. Statistical significance was
calculated using One Way ANOVA - t test (non-parametric) Mann Whitney U test (*: p < =
0.05; **: p < =0.01, ***: p <=0.001).

4.4.5 STING gene expression levels in tissue samples taken from regular and
gynecologic cancer patients.

cDNA was extracted after the RNA in the tissue samples was separated. Based on collected
data, it was found that most patients with gynecologic cancer had STING gene expressions
lower than those found in normal samples, and some showed higher gene expressions relative

to the normal samples, as Figure 4.23 illustrates. No statistical significance could be reached.
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Figure 4.23. Determination of transcription levels of target genes STING in ovarian cancer,
endometrium cancer and control group patients using qRT-PCR. The data obtained were
normalised to the GAPDH level, the housekeeping gene. Statistical significance was
calculated using One Way ANOVA - t test (non-parametric) Mann Whitney U test (*: p <=
0.05; **: p<=0.01, ***: p <=0.001).

4.4.6 IF116 gene expression levels in tissue samples taken from regular and gynecologic
cancer patients.

Following the separation of the RNA in the blood samples, cDNA was extracted. Figure 4.24
shows that, according to the data gathered, most patients with gynecologic cancer had IFI16
gene expressions that were higher than those found in normal samples. In contrast, some had

fewer gene expressions than the normal samples. There was not a reach of statistical significance.

69



IFI16 gene expression in tissue samples

30

Gene Expression
N
(=]
]

-
o
L

|
% = A -
© —ik——a—A
0-l—22as00..  =S=gn x ———
& & 3
eo" éo‘

>

Figure 4.24. Determination of transcription levels of target genes IFI16 in ovarian cancer,
endometrium cancer and control group patients using qRT-PCR. The data obtained were
normalised to the GAPDH level, the housekeeping gene. Statistical significance was
calculated using One Way ANOVA - t test (non-parametric) Mann Whitney U test (*: p < =
0.05; **: p < =0.01, ***: p <=0.001).

The samples with greater levels of gene expression were identical across all genes when all
the genes in the patients with gynaecological cancer were evaluated; part of these samples
was from the treatment group. The two chemotherapy drugs that were employed were
bevacizumab and paclitaxel, while the remaining samples had high gene expression levels

without the need for chemotherapy.

4.5. Analysis of the Expression of LKB1 Protein in Cells, Serum, and Tissue Samples
4.5.1. Examining How the Drugs Affect the Expression of LKB1 Proteins

It looked at how 17-Estradiol, VVorinostat, and Decitabine affected the regulation of LKB1,
STING, and IF116 proteins that are important in preventing the growth of tumours. In order to
examine the possible impacts of 17f3-Estradiol, Vorinostat, and Decitabine on the identified
proteins, protein isolation experiments were conducted using concentrations of 128uM
estrogen, 10uM Vorinostat, and 40uM Decitabine that impact cell viability over 50% in
ovarian cancer cell lines (A2780 and A2780AD) and endometrial cancer cell line (RL95-2).
The protein isolation procedure was followed immediately by the ELISA assay.

Based on the data gathered, we compared each treated cell line to its control group. We
discovered that when drugs were applied to the RL95-2 cell line, the LKB1 protein
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expression level did not appear to change following the control group; in the A2780AD cell
line, E2 treatment increased protein expression, while Decitabine and Vorinostat treatment
resulted in a decrease in protein expression; and in the A2780 cell line, all drug treatments
caused a decline in protein expression, as illustrated in (figure 4.25).

LKB1 Protein Expression in Cells

1.5=
R DMSO
1.2500

- 105 [ m E2
E 1.08051-1028 1.1116
S4B '™ 1.0004" 220 ' [ 1.0040 B Decitabin
g 1 Vorinostat
.g
g 0.5+
L =
o
o

0.0- T T T

RL95-2 A2780AD A2780

Figure 4.25. LKB1 protein expression in A2780, A2780AD ovarian cancer cell lines and
RL95-2 endometrium cancer cell line after treatment with 17p-Estradiol, Vorinostat and

Decitabine. The experimental groups were supplemented with 5 pl/mL of drugs. Error bars
show +SEM.

4.5.2. Examination of LKB1 Protein Expression in Serum Samples

The concentration of LKB1 protein expression in the serum of gynecologic cancer patients
was measured after protein isolation, and an ELISA assay was performed. The results showed
that, regarding LKB1 gene expression in both ovarian and endometrial cancer, most of the
samples expressed more LKB1 protein than the healthy samples, and some cancer samples
expressed low levels. Additionally, some of the samples with elevated LKB1 protein levels

received chemotherapy while undergoing treatment, as shown in Figure 4.26.
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Figure 4.26. Determination of serum LKB1 protein levels of ovarian cancer, endometrium
cancer and healthy group by ELISA method. Error bars of all patients show +SEM value.
Statistical significance was calculated using One Way ANOVA - t test (non-parametric)
Mann Whitney U test (*: p < =0.05; **: p <=0.01, ***: p <=0.001).

4.5.3. Examination of LKB1 Protein Expression in Tissue Samples

Following protein isolation and the ELISA assay, the tissue of patients with gynecologic
cancer was examined for LKB1 protein expression and compared with that of healthy tissue.
The data obtained showed that Tissue LKB1 protein concentrations in patients with ovarian
cancer (p = 0.001) were significantly increased compared to the control group. Additionally,
it has been shown that LKBL1 protein levels are significantly increased in tissue samples of
endometrial cancer patients compared to tissues of healthy individuals. (Figure 4.27). Our
results show that tissue LKB1 protein levels are interrelated between ovarian cancer and
endometrial cancer patients and healthy individuals. Additionally, some of the samples with
elevated LKB1 protein levels received chemotherapy while undergoing treatment.

72



LKB1 Protein Expression in Tissue

% %k *
1.15- ! !
[ ]
L]
=110+
E
£ .
g 1.05+ —— -
‘(% —
£ 1.00- s " .
® L
0
O 0.95+ s —— -
a u ]
° = o
|
ov Healthy EC Healthy

Figure 4.27. Determination of tissue LKB1 protein levels of ovarian cancer, endometrium
cancer and their control group patients by ELISA method. Error bars of all patients show
+SEM value. Statistical significance was calculated using One Way ANOVA - t test (non-
parametric) Mann Whitney U test (*: p < =0.05; **: p<=0.01, ***: p < =0.001).
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5. DISCUSSION

Many organs, including the breast, colon, lung, skin, and cervix, have been significantly
related to malignant transformation by the regulation of different epigenetic or
posttranslational processes (Gibney et al., 2010). 17p-Estradiol, Vorinostat, and Decitabine
were drugs used in this study which affect gene expression epigenetically. The sensitivity of
the ovarian cancer cell lines A2780 and its chemoresistant clone A2780AD and endometrium
cancer cell line RL95-2 to 17B-Estradiol, Vorinostat and Decitabine was investigated in the
first part of this thesis study. According to MTT results, A2780AD was more sensitive to
Vorinostat and Decitabine than A2780, and the most sensitive was RL95-2 with all cells. At
the same time, 17pB-Estradiol caused the cells to increase more than the control group. The
cell line's viability toward drugs was not that sensitive to decrease the cell line’s proliferation
below 50%, and the IC50 concentration was not determined for any drug. Furthermore, the

highest concentration of each drug was determined to be used in other procedures.

Many genes can be categorised into two major categories: tumour suppressor genes (TSGSs)
and oncogenes, commonly called cancer-promoting genes (CPGs). Three of the tumour
suppressor genes (LKB1, STING, and IFI16) were used to analyse the effects of epigenetics
on the genes. The drugs which work on genes epigenetically were used, 17p-Estradiol, which
is present in the human body as a hormone that can increase gene expressions. Vorinostat
inhibits histone deacetylase enzymes. Furthermore, Decitabine decreases DNA methylation.
In our study, we consistently received outcomes in ovarian cancer cell lines A2780 and its
chemoresistant clone A2780AD and endometrium cancer cell line RL95-2. We observed that
17B-Estradiol increased the LKB1 gene expression in A2780AD, while in A2780, the gene
expression declined; however, the gene expression in RL95-2 did not change significantly
according to the control group. 17p-Estradiol affected STING gene expression in RL95-2 and
increased it. In A2780AD, the gene expression declined; however, the gene expression in
A2780 did not change significantly according to the control group. The expression of the
IF116 gene was altered and elevated in RL95-2 by 17p-Estradiol. The control group reported
that while the gene expression in A2780 decreased, it did not significantly change in
A2780AD. So, the effect of 17p-Estradiol on each gene depends on the cell type and the
presence of its promoter on that gene. The different expression of each gene in the cell lines
may be due to the absence of a 17B-Estradiol promoter in the genes and cannot bind to the
genes. Vorinostat raised the LKB1 gene expression in A2780AD, whereas the gene
expression decreased in A2780; however, the control group found no significant change in
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the gene expression of RI95-2. Vorinostat declined STING gene expression in all cell lines,
especially in A2780AD, which decreased significantly. Vorinostat dramatically reduced the
IF116 gene expression in RL95-2 and A2780. However, there was no significant change in
A2780AD. Histone deacetylation generally inhibits gene expression; Vorinostat works by
preventing histone deacetylase enzyme activity. It follows that Vorinostat had to boost the
expression of the genes we used. However, this did not occur for most of the genes, as their
expression fell; the lone exception was A2780AD, where the control group reported no
change in the expression of LKB1 or IFI16. Perhaps more factors are at play than just
deacetylation warrant lowering gene expression. In applying Decitabine to the cell lines, the
expression of the LKB1 gene decreased in RL95-2 and A2780, while no significant change
happened in LKB1 expression in A2780AD. STING gene expression under the effect of
decitabine increased significantly in the RL95-2 cell line, while in ovarian cancer cell lines,
STING expression decreased dramatically. In all cell lines, IFI16 gene expression declined
significantly after applying Decitabine. Decitabine decreases DNA methylation and increases
gene expressions, as we previously discussed. However, in the results, only the STING gene
expression increased in the endometrial cancer cell line; the gene expressions in the other cell
lines decreased. We can speculate that it might be because the impact of methylation on gene
expression varies based on the kind of cell. These gene expressions were tested in blood and
tissue samples from gynecologic cancer patients and compared with those from healthy
persons. We observed that when all the genes in patients with gynaecological cancer were
examined, the samples with higher levels of gene expression were identical across all genes.
Most of these samples belonged to the group that received chemotherapy. Paclitaxel,

Bevacizumab, and Carboplatin were the chemotherapies used.

In this study, we could also analyse the effect of the drugs on the protein level of LKB1 in all
cell lines. As a result of ELISA, we contrasted each treated cell line with its control group.
The RL95-2 cell line showed no change in LKB1 protein expression level when drugs were
applied in comparison to the control group; the A2780AD cell line showed an increase in
protein expression upon E2 treatment, while Decitabine and Vorinostat treatment led to a
decrease in protein expression, and the A2780 cell line showed a decline in protein
expression upon all drug treatments. So, the effect of the drugs on the LKB1 protein may
depend on the cell type, drug dosage and time of drug exposure. LKB1 protein expression
was also examined in blood and tissue samples from patients with gynecologic cancer and

contrasted with that of healthy samples. We saw that while the protein expression in certain
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samples was lower than in healthy samples, it was higher in others. A small number of the
samples with elevated LKB1 protein received chemotherapy while undergoing treatment.
Therefore, variations in protein expression could be caused by other treatments or
chemotherapy.
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6. CONCLUSION

This thesis study concludes by demonstrating that, depending on the gene types, organ types,
and locations of mMRNA and proteins in the nucleus and cytoplasm, epigenetics affects the
MRNA and protein levels of the genes. Additionally, it demonstrates how medications that
influence epigenetics affect cell survival and migration. Decitabine, Vorinostat, and 17f-
Estradiol are the epigenetically active medications employed in this investigation. The
expression of mMRNA and proteins, as well as the survival and migration of the cells, were all
impacted differently by each medication. 17p3-Estradiol improved migration and vitality in all
cell lines. However, its effects on mRNA expression varied depending on the cell type. Each
cell line showed a loss in viability and a slowdown in migration when Vorinostat and
Decitabine were administered. However, the effects on mRNA expression varied depending

on the cell type.

This study tested the mRNA and protein expressions in the blood and tissue samples taken
from gynecologic cancer patients and healthy persons. We concluded that in the patients who
took chemotherapies as a treatment, their mRNA and protein expression of the LKB1,
STING, and IFI16 increased.

Based on the study's findings, we can conclude that medications that increase the expression
of tumour suppressor genes—particularly those we looked at, LKB1, STING, and IFI16—are
important because those genes play a part in the body's immune system. The effects of these
medications should be examined both in vivo and in vitro. Additionally, there are specific
methods for studying each kind of epigenetics, such as methylation and acetylation, to

determine how they affect gene expression levels.
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