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ABSTRACT

Studying the anti-cancer potential of an anti-diabetic small molecule inhibitor
SR-18292 in prostate cancer cell models
Erdogdu, Rabia
Master Thesis, Department of Molecular Biology and Genetics Program
Supervisor: Assist. Prof. Dr. Ummiihan DEMIR
January, 2023

SR-18292 is a small molecule inhibitor which is developed to be an anti-diabetic
agent. SR-18292 inactivates PGC-1a protein resulting in reduction of gluconeogenic
gene expression in type Il diabetes. PGC-1a. co-activates transcription factors related
to mitochondrial biogenesis, antioxidant detoxification and fatty acid synthesis. In
prostate cancer, there is a necessity for developing novel targeted/combination
therapies since the tumor mostly becomes resistance to existing treatment options.
The purpose of this study is to investigate the effect of SR-18292 in prostate cancer
in terms of tumorogenic processes such as proliferation, metastasis and epithelial-
mesenchymal transition in vitro. The use of small molecule inhibitor may provide a
practical targeted therapy or a combination therapy which is needed for prostate
cancer.

In this study, PC3 which is an androgen receptor (AR) negative, LNCaP which is an
AR positive cell lines were used. RWPE-1 which is a healthy prostate epithelial cell
served as a control cell line. The cells were treated with various SR-18292
concentrations and ICsg for each cell line was determined by Graphad tool. The cells
were treated with estimated 1Cso concentration of SR-18292 and the effect of SR-
18292 on tumor progression was investigated by using cell viability, 2-dimensional
colony formation and 3-dimensional cell culture. Additionally, the effect of SR-
18292 on epithelial-mesenchymal transition markers was investigated with qPCR
method. Statistical analyses of the results were performed by Student’s t-test.
Anti-proliferative effect of SR-18292 on prostate cancer cells has been observed in
prostate cancer cells including PC3 and LNCaP. It was revealed that treatment of

SR-18292 diminished viability of monolayer cells, limited 2-dimensional tumor

Xiii



colonies in terms of size and number, and reduced the size and integrity of 3-
dimensional tumor sphere formation. Epithelial marker including E-cadherin was
observed to be upregulated, mesenchymal markers including N-cadherin, Slug, Snail
and Twist were observed to be downregulated as a result of SR-18292 treatment.

To conclude, in vitro studies have demonstrated that SR-18292 has the anti-cancer
effect on tumor progression in prostate cancer. Therefore, SR-18292 has a potential
of being a candidate drug molecule which can be used as a single-targeted therapy.
Our study is the first study showing the anti-cancer effect of SR-18292 in prostate
cancer.

Key words: Prostate cancer, PGC-1a, SR-18292
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OZET

Diyabet karsit1 etkisi bilinen SR-18292 kiiciik molekiiliin kanser karsiti
etkisinin prostat

kanseri hiicre modellerinde arastirilmasi

Erdogdu, Rabia
Yiiksek Lisans Tezi, Molekiiler Biyoloji ve Genetik Programi
Damigman: Dr. Ogrt. Uye. Ummiihan DEMIR
Ocak, 2023

SR-18292, PGC-1a proteinini hedefleyen kiiglik molekil olup diyabet tedavisinde
kullanilmak {izere gelistirilmistir. PGC-1la mitokonriyel biyogenezi, antioksidan
detoksifikasyonu ve yag asit sentezi ile ilgili transkripsiyon faktoérlerini kontrol eder.
SR-18292 PGC-1a proteinin fonksiyonunu engelleyerek tip 2 diyabet hastaliginda,
mitokondriyel mekanizmalart baskilayarak hepatic hucrelerde glucose Uretimini
azaltir.

Prostat tumorii geleneksel kanser tedavileri ve Androjen baskilayici tedavilere karst
direng gelistirdigi igin, yeni hedefli ve etkili tedavilerin gelistirilmesi gerekmektedir.

Bu calismanin amacit SR-18292’nin kanser karsit1 etkisini prostate kanseri
gelisiminde, metastazinda, 3 boyutlu timor kiireleri olusturmada ve epitelyal-
mezenkimal gegiste arastirmaktir. Kii¢iik hedefli molekiiller hedefli tedacilerde veya
kombinasyon tedavilerde kullanilmak i¢in uygundur.

Bu calismada AR pozititif ve AR negative olmak iizere iki farkli hiicre hatti
kullanilmistir, bunlar sirasiyla PC3 ve LNCaP hiicreleridir. Kontrol olarak saglikli
prostat epitel hicresi olan RWPE-1 hiicre hatti kullanilmistir. Hiicreler SR-18292 ile
muamele edilmistir ve GraphPad (zerinden ICso degeri hesaplanmustir. Belirlenen
ICs0 degerleri kullanilarak, hiicre canliligi, 2 boyutlu koloni olusturma, 3 boyutlu
kiiltiir olusturma, qPCR ve migrasyon deneyleri yapilmustir.

SR-18292’nin kanser karsit1 etkisi PC3 ve LNCaP hiicre hatlar1 {izerinde incelenmis
ve SR-18292’nin kanser hiicrelelerinde biiyiimeyi engelledigi gozlemlenmistir.
Bunun yaninda SR-18292 kanser hiicrelerinde 2 boyutlu koloni ve 3 boyutlu timér
kiireleri olusturmalarini kisitladigr gozlenmistir. Tiimdr kiirelerin boyutlar: kiigiilmis,

2 boyutlu tlimor kolonilerin de sayilart azalmistir. qPCR sonuglarina goére SR-18292
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epitelyal-mezenkimal gegisi azaltmistir. Epitelyal marker olan E-cadherin’in anlatimi
artarken, mezenkimal marker olan Vimentin, Slug, Snail ve Twist mMRNA diizeyinde
gen anlatimi azaldig1 saptanmustir.

Sonug olarak yapilan in vitro galigmalar, SR-18292 anti-diyabetik molekulinin
prostat kanserinde tiimoriin ilerlemesini azalttigini gostermistir. Bu sebeple, SR-
18292 prostat kanserinde hedefli bir tedavi yaklisimi olarak kullanilabilecek
potansiyelde olan bir ila¢ aday1 olabilir. Bu ¢alisma SR-18292 ila¢c molekulin kanser
karsit1 etkisinin prostat kanserinde gosterildigi ilk ¢calismadir.

Anahtar kelimeler: Prostat kanseri, PGC-1a, SR-18292
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1. INTRODUCTION

Cancer is a worldwide lethal disease derived from uncontrollably dividing cells that
acquire new abilities for adapting unusal conditions in microenvironment and enable
to spread into other parts of the body. Heterogeneity of cancer is limitless in terms of
distinct type of tumor localization, initiation and progression, site of metastasis,
multi-drug resistancy, and recurrence ability. All of these parameters are depending
on common risk factors leading various type of mutations. The risk factors might be
either external or internal factors such as patient’s lifestyle conditions, physical
activities, age, gender and family history which cause genomic instability resulting in
irrevocably disruption of molecular mechanisms including lost of cellular signaling
impairments of metabolic modulation and acquistion of new abilites such as escape
from immune system and replicatively immortalized cells as charactarized by
Hanahan and Weinberg as given in the Figure 1. They postulated the most common
eight characteristic features of cancer: overactivation of proliferative signaling,
reduction of tumor repressors, resisting cell death, replicative immortality,
angiogenesis, metastasis, metabolic reprogramming and evading immune destruction
(Hanahan & Weinberg, 2011). Currently, they enlarged characteristics of cancer with
addition of unlocking phenotypic plasticity, nonmutational epigenetic
reprogramming, senescent cells and polymorphic microbiomes (Hanahan, 2022).
These multi distrupted mechanisms give limitless heterogeneity to cancer and make
cancer cells alive and resistant to current therapeutic attempts. This is the main
reason of cancer being one of the most lethal diseases worldwide and creating need
of developing targeted therapies which might be a single therapy and/or applicable

together with current therapies.
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Figure 1. Hallmarks of cancer defined by Hanahan and
Weinberg.

Accumulation of DNA mutations in normal cells (yellow) causes
genomic instability leading acquirement of new abilities and
transformation of normal cells into cancer cells (green).

Prostate cancer (PCa) is the second most diagnosed cancer and the second death
leading cancer in men worldwide (Sung et al., 2021). Indeed, PCa has become one of
the most frequent cancer owing to the widespread use of PSA (prostate specific
antigen) testing in diagnosis of the cancer (Grossman et al., 2018). Especially,
primary PCa has been targeted by androgen depletion therapy (ADT) that is a
hormonal therapy relies on reduction of patient’s testesterone level. Abiraterone and
enzalutamide are some of the existing ADT agents (Fenner, 2011; Scher et al., 2012).
At the beginning of the treatment, tumor growth is seemed to be controlled and
reversed. However, tumor becomes resistant to ADT agents and progress through
castration resistant prostate cancer (CRPCa) (De Bono et al., 2010). Since existing
therapies are limited to suppress advanced PCa, there is an urgent necessity to
develop new therapeutic targets and generation of novel therapies for more

aggressive and metastatic advanced PCa.



Herein, PCa is targeted by an anti-diabetic drug molecule through targeting
metabolic reprogramming hallmark of cancer. Specifically, the target is PPARy co-
activator-1 alpha (PGC-1a) that is known as a master regulator of mitochondrial
metabolism. The role of PGC-1a in PCa was investigated via post-translational
inhibition. PGC-1a is selectively targeted and inhibited with a small molecule
inhibitor SR-18292 which was found as a candidate drug molecule for treatment of
Type 2 Diabetes Mellitus (T2DM). The characteristic of T2DM is high level of
gluconeogenesis in hepatocytes versus formation of insulin resistancy. Targeting
PGC-1a with SR-18292 reduces hepatic glucose level in T2DM. Therefore, this
small molecule can be a good candidate in T2DM treatment (Sharabi et al., 2017).
Metabolic dysregulations such as increasing glucose activity, level of reactive
oxygen species and fatty acid synthesis are some similarities found in both T2DM
and PCa.

The thesis addresses the investigation of anti-cancer effect of SR-18292 in PCa cell
models and supporting the literature about tumor promoting function of PGC-1la in
PCa. In vitro studies revealed that anti-diabetic agent, SR-18292, prevents
proliferation and progression of PCa through affecting 2D tumor colonies, 3D tumor
spheres, migration and epithelial-mesenchymal transition (EMT). Taken all these
together, SR-18292 can be repurposed to be an emerging candidate drug molecule in

PCa prevention and treatment.

1.1 Anatomy and Function of Prostate Gland

Prostate is a male reproductive organ that reside under the bladder, encircle urethra
and ejaculatory duct. Prostate gland has a contribution on urination and has a
secretory function of major components that make up seminal fluid. Prostate tissue
splits into two main compartments: stroma and epithelium as given in the Figure 2.
Stroma includes endothelial cells, nerves and connective tissue cells such as
fibroblats, myocytes and smooth muscle cells that contribute formation of
extracellular matrix. Epithelium involves cells that are employed for prostate

function. Stromal cells and epithelial cells are seperated by a basement membrane



that serve as a place for reciprocal signaling of various mitogenic and morphogenic
factors between stromal cells and epithelial cells (Cunha, 1976). Vairous types of
signals such as cytokines, growth factors, ECM components and miRNAs are
reciprocally transferred through basement membrane that support growth and
differentiation of epithelial cells. Maintenance of stem cell population and
differentiation of specialized cells are both effected via paracrine signaling. In
prostate gland, the paracrine signaling is mostly regulated and effected by Androgen
receptor (AR) signaling. Androgens are expressed on both epithelial cells and
stromal cells leading to paracrine signaling among these cells. Stromal and epithelial
cells are both required for prostate development and function (Cooke et al., 1991).
AR signaling mediates almost all biological events in prostate gland such as cell
cycle, proliferation/differentiation, death and organogenesis which especially trigger
formation of prostatic ducts (Cooke et al., 1991; Cunha, 1976). Prostate gland is
consisted of two major epithelial cells: luminal cells and basal cells. There is also
low amount of neuroendocrine cells. Luminal cells are important for function, while
basal cells are important for integrity of prostate gland. The major function of
luminal epithelial cell is secretion of essential components that make seminal fluid.
Basal cells are enriched for stem cells, so they constitute prostate duct anda acini
integrity. They are also important for luminal cell differentiation (Rebello et al.,
2021). Luminal epithelial cells comprise of AR positive cells while basal cells
comprise of AR negative cells. Both luminal cells and basal cells can be origin of
prostate cancer. Besides, neuroendocrine cell can be origin of cancer eventhough this
type is rarely seen. Majority of prostate tumors are originated from luminal epithelial
cells with a strong activation of AR signaling. Prostate tumor mostly located on acini
known as prostatic acinar adenocarcinoma (PAC). Incidence of PAC is 90 % of all
PCa cases. Ductal adenocarcinoma (DAC) is rare type of PCa with a low level of AR
activation while PAC has a high level of AR activation. Therefore, PAC can be
easily diagnosed with PSA testing. However, diagnosis of DAC is problematic that
results requirement of more test options (Knipper et al., 2019; Ranasinghe et al.,
2021).
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Figure 2. Location of prostate gland (A) and prostate tissue compartments
(B).

(https://www.cancer.org/cancer/prostate-cancer/about/what-is-prostate-
cancer.html, date of access 11.10.2022), (Rebello et al., 2021)

1.2 Epidemiology: Incidence and Mortality of PCa

Cancer becomes a health burden worldwide. Global Cancer Statitics (Globocan)
estimates incidence and mortaility of many cancer types among 36 countries in 2021.
According to this study involving 36 countries, prostate cancer (PCa) is established
as the second most diagnosed cancer and the second death leading cancer in men
worldwide (Sung et al., 2021). Indeed, PCa has became one of the most frequent
cancer owing to the widespread use of PSA (prostate specific antigen) testing in
diagnosis of the cancer (Grossman et al., 2018). According to the Cancer Statistics,



268,490 men are diagnosed with prostate cancer and the number of death due to PCa
is estimated as 34,500 in the United States. Additionally, incidence of PCa is 14.0 %
among all cancer cases. Estimated number of PCa cases has the highest number
among all cancer diagnosis in men. Besides, mortality rate of PCa is the second most
cause of cancer death after lung cancer among men. The rate of developing invasive
Prostate cancer is increasing directly proportional to the age. Probability of diagnosis
with prostate cancer is much higher in 60 > years old males compared to 59 < years
old male cases. PCa is mostly diagnosed between 65-74 years old men, the frequency
Is41.3 % (Siegel et al., 2022), (SEER 22 2015-2019, All Races, Males).

In Turkey, PCa epidemiology is quite similar to United States. According to Global
Cancer Observatory, the total number of new cases in male is 132,816. The incidence
of lung cancer is (25.8%) comes proir to prostate cancer which is 14.6%. Prostate
cancer is hereby estimated as the second most prevalent cancer in Turkey males in
2020. The death leading rate of prostate cancer is approximately 30% means that 3
men are died in every 10 prostate cancer patients (WHO, 2020). (GLOBOCAN 2020
Database. https://gco.iarc.fr/)



https://gco.iarc.fr/

Prostate cancer incidence
ASR {world) (per 100.000)
<128
12.8-30.4
m 304-423
W 423-633
m =633
No data
¥ Not applicable

Prostate cancer mortality

ASR {world) (per 100,000}
<53

w 53-10.7

w 10.7-139

W 139-194

m =104
No data

® Not applicable

Figure 3. Global incidence (A) and mortality (B) rate of PCa in 2018.
PCa incidence is higher in Australia, New Zeland, North America and Europe, and
lower in Aisa (Rebello et al., 2021).




1.3 Common Molecular Impairments Drives PCa

Cancer is mostly resulted from accumulation of mutations that cause genomic
instability. It is very important to understand underlying mechanisms of the disease
to improve new forms of treatment. There is an urgent need to develop new therapies
against PCa. Knowledge of how molecular machinery changed guides scientists to
develop more effective therapeutics against cancer. Cancer heteroegeneity and
aberrant mechanisms in tumor microenvironment can be caused by a wide variety of
external and internal reasons. There are commonly seen genomic alterations,
deregulated signaling pathways such as AR signaling, PISBK/PTEN signaling and
Ras/Raf/MAPK pathways and metabolic impairments are some of the molecular

drivers of PCa.

1.3.1 Common Genetic Alterations

Single nucleotide polymorphisms (SNPs), base substitution and translocation of gene
segments are some of the mutation types that effect cellular mechanisms such as
signaling pathways, oncogenic proteins, tumor suppressor proteins and DNA damage
repair mechanism. There are commonly seen mutations associated with PCa

progression.

Family history, degree of affinity and age of onset are important circumstances for
the cancer as well as PCa tumorogenesis. Eventhough most of PCa patients are
diagnosed as late onset > 60 years old, familial hereditary PCa is usually seen as
early onset <60 years old. Familial prostate cancer may include germline mutations
in DNA damage repair proteins such as BRCA1/2, ATM, ATR, MSH2/6 (mismatch
repair proteins). At first, germline mutations in DNA damage repair mechanism are
important risk factor for PCa. Especially, BRCA mutations are commonly seen in
PCa. BRCA1/2 proteins are acting as tumor suppressor proteins whose function is to
repair double strand breaks with homologous recombination and base excision
mechanisms and protect genome stability. BRCAL1/2 mutations in germline cells

increase familial PCa. On the other hand, these mutations might exist on somatic



cells. Eventhough the mutation does not pass through offspring, the individual with
BRCA/12 mutation has greater risk of tumorogenesis. Therefore, targeting BRCA1/2
mutation might be a potential therapeutic approach against familial PCa individual
who has BRCA1/2 germline mutations (Nicolosi et al., 2019)

According to a comprehensive molecular study with 333 primary prostate tumor
directed by The Cancer Genome Atlas, 74 % of the tumors exhibit alterations in ETS
family proteins (ERG, ETV, ETV4), and mutations in SPOP, FOXAL,
IDH1(associated with DNA methylation pattern) proteins (Abeshouse et al., 2015).
One of most known alterations in PCa is fusion of ETS family proteins especially
fusion of ERG-TMPRSS2 proteins (Tomlins et al., 2005). Tumor suppressors such
as TP53 and PTEN are estimated as commonly deleted genes. The most importantly,

AR is overexpressed protein in PCa (Barbieri et al., 2012).
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Figure 4. Common genomic alterations in PCa

The figure includes a broad range of genomic alterations such as missense mutation,
amplification, fusion, deletion and inframe mutations occupied in PCa. The
frequency of genomic alterations are shown notably in both localized and metastatic
tumor. For example, the rate of AR amplification is increased from inital stage
through severe stage. PTEN loss, TP53 deletion, AR amplification and ERG-
TMPRSS2 fusion are frequently existing mutations that drives PCa progression.

1.3.2 The role of Androgen Receptor (AR) Signaling in PCa




Researchers demonstrated that PCa is a hormone dependent cancer and tumor
progression is influenced by androgen. The role of androgens in PCa was shown by
inhibition through castration affecting prostatic tumor progression (Huggins, C., &
Hodges, C. V. (2002). Androgen biosynthesis is essential for male reproductive
system during development and mainteinance of organ homeostasis (Cooke et al.,
1991). Androgen receptors (AR) that are highly expressed on prostate epithelium and
stroma mediate paracrine signaling between prostate epithelial and stromal cells. Of
note, AR is a ligand binding TF and its ligand is androgen hormone. AR and
androgens together are involved in regulation of prostate organeogenesis,
differentiation in embryonic development and homeostasis of adult prostate to
balance proliferation and death rate of cells (Cooke et al., 1991; Cunha, 1976).
Unbalance in AR expression surely destroys homeostasis and function of prostate
gland. AR level has become a direct sign for prostate health since AR level is found
to be dysregulated in prostate-related disorders. In healthy condition, AR expression
begins in developmental stage. Therefore, there is a low level AR expression during
prostatic development and it increases through adult prostate. In a healthy prostate,
most of the cells both epithelial and stromal cells express high amount of AR.
Prostate cells that are enriched by AR are known as AR-positive cells such as
luminal epithelial cells. Cells that lack of AR known as AR-negative cells such as
basal cells. In the clinic, the incidence of prostate cancer that is originated from AR-
positive cells is 80%-90%. Eventhough AR-independent type is seem to be rare, it is
usually more aggresive and metastatic type. Mostly, initial therapy against PCa is

hormone depletion therapies due to high incidence of AR dependent PCa.

The AR gene is located at Xql1-12 and made up of 8 exon including N-terminal
activation domain, DNA-binding domains and ligand (AR) binding domain (Korput,
1992). AR gene alterations are currently seemed in all domains and associated with
advanced PCa. Especially, mutations in ligand binding domain is seemed to be the
most frequent in PCa (Gottlieb et al., 2012). Researchers demonstrated that gain of
function AR mutations related to severe PCa. AR gene depletions are found in AR-

dependent PCa whereas AR gene amplifications found in AR-independent type
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(Feldman & Feldman, 2001). The rate of gain of function mutation of AR is elevated
in advanced metastatic PCa compared to primary PCa (Rebello et al., 2021).

1.3.3 Common Signaling Pathways

1.3.3.1 PI3K/PTEN Signaling

Cell proliferation and survival pathways are commnly dysregulated in cancer.
PISBK/PTEN pathway is one fundemental signaling pathway that regulate cell
survival and cell death. The phosphoinositide 3-kinase PI3K/PTEN signalin pathway
is involved in PCa tumorogenesis and prognosis. Phosphoinositide 3-kinase (PI3K)
pathway is central for cell surival, growth and division. Abnormal expression of lipid
kinases involved in the pathway becomes oncogenic driver of the many cancer (Ulti
et al., 1999). PTEN as an opposite regulator of PI3K pathway acts as a tumor
suppressor that stimulate cell cycle arrest and apoptosis. Downregulation of PTEN
protein whereas upregulation of PI3K receptors are able to drive PCa tumorogenesis
(Carver et al., 2009; Taylor et al., 2010). Amplification of PI3K genes (PIK3CA
encoding catalytic subunit of of PI3K) exists frequently in PCa and promote survival
of cancer cells (Sun et al., 2009). PTEN deletion is associated with poor prognosis
and metastatic PCa. PTEN inactivation also support disease recurrence and lethality
(Krohn et al., 2012). PTEN loss causes over-activation of PI3K and its downstream
cascade Akt/mTORC which are one of the key regulator of energy metabolism and

proliferation of the cells (Greenwell et al., 2017).

1.3.3.2 Ras/Raf/MAPK Signaling

Mitogen-activated kinase (MAPK) pathway is another well-known oncogenic
signaling pathway found abnormally overexpressed in many cancer as well as in PCa
(Bakin et al., 2022; Grasso et al., 2012). Ras and Raf proteins are upstream activators
of MAPK pathway and are mutated in CRPCa (Grasso et al., 2012). Activation of
MAPK pathway enhances the of PCa relapse and influences progression of primary
PCato CRPCa (Mukherjee et al., 2011).
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1.3.3.3 AMPK Signaling

AMP-activated protein kinase (AMPK) signaling is known as a metabolic sensor by
equilibrating intracellular ATP level and affect cell growth, lipid metabolism,
glucose metabolism and autophagy. According to a study, AMPK activation causes
metabolic changes including increasing ATP level and PGC-1 o mediated
mitochondrial biogenesis in PCa. The AMPK-PGC-1la cascade is mediated by
androgens and governs cellular homeostasis by increasing oxidative phosphorylation,
inducing fats and glucose. Therefore, abnormal activation of AMPK-PGC-1a via
androgens substantially enhances PCa cell growth. AMPK behaves as an oncogene
in PCa cells, and the interconnection between AMPK and AR is consistently
associated with tumor survival and poor prognosis of PCa (Tennakoon et al., 2014b;
Vaishnava et al., 2011).

1.4 Metabolic Impairments

Cellular metabolism includes anabolic and catabolic reactions that consume a variety
of nutrients such as glucose, amino acids and carbohydrates. The rate of these
reactions bocome rewired in cancer cells. One prominent hallmark of cancer is
metabolic reprogramming. Cumulating evidence suggests that metabolic
reprogramming confers tumor cells to survive under stressful circumstances
(Hanahan & Weinberg, 2011; Vander Heiden & DeBerardinis, 2017). Metabolic
pathways in cancer cells are dysregulated compared to non-cancerous cells to
maintain the proliferative state and support tumor growth. Abnormal glucose/amino
acid supply, use of glycolysis and TCA cycle for biosynthesis of molecules,
alterations in metabolite expression level, increased nitrogen supply and interaction
of metabolic pathways with microenvironment are defined as hallmarks of cancer
metabolism  (Pavlova & Thompson, 2016b). A well known cancer-associated
metabolic reprogramming is the increased level of glucose consumption. About
seventy years ago, Warburg hypothesized that cancer cells utilize high amount of
glucose and they are prone to undergo fermentation leading to production of less

12



amount of energy compared to oxidative phosphorylation. Cancer cells mostly prefer
to undergo glycolysis as a rapid pathway rather than oxidative phosphorylation
(OXPHOS) or Tricarboxylic Acid Cycle (TCA) (Warburg, 1956). However, it is
understood that tumor cells require and sustain nutrients and metabolic compounds
such as amino acids and lactate from TCA cycle for their benefit. Especially they
rapidly consume glutamine as another growth promoting nutrient likewise glucose
(Eagle, 1955). High amount of glucose and glutamine consumption of cancer is one
of the tumor promoting metabolic pathways. Up to date, these nutrients are triggered
in TCA cycle and OXPHOS in respect to biosynthesis of various macromolecules
and energy supply for tumor microenvironment. Thus, deregulated glucose and
glutamine uptake promote cell survival and growth that provide tumoregenesis in

proliferating cells (Pavlova & Thompson, 2016a).

In PCa cell metabolism, it is revealed that primary PCa cells elevate OXPHOS
compared to glycolysis. Fatty acid synhesis begins at early stage and is associated
with the progression of the disease. Glycolysis is seemed to be enhanced at the later
stage and is related to advanced CRPCa. Besides, amino acid metabolism has a vital
role in PCa. The demand of amino acids is increased since they are pool for building
blocks during biosythesis reactions to produce lipids and intermediate components
for nucleic acid synthesis (Ahmad et al., 2021; Strmiska et al., 2019). Eventhough,
these are general knowledge about metabolic impairments in PCa, they are
differentiated between PCa stages and types including AR-dependent and AR-

independent.

One prominent metabolic feature of PCa is reduced zinc and citrate level compared
to the normal prostate gland which has higher level of zinc than other tissues. Zinc
accumulation inhibits citrate oxidation to isocitrate in normal prostate gland resulting
in citrate accumulation and secretion. In PCa, loss of zinc stimulates citrate
oxidation into isocitrate which is the initiator step of TCA cycle. Therefore, TCA
cycle is stimulated in PCa cells as a consequence of loss of zinc and this phenomenan
supplies more energy to PCa cells (Costello et al., 2004). It is also proven that,
biosynhesis of amino acids such as glutamine, serine, arginine and leucine plays a
stimulatory role in PCa progression (Strmiska et al., 2019). Glutamine is strongly
related with PCa growth throughout Myc, P53, Ras, and HIF factors. Mutations in
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mitochondrial DNA are frequently observed in PCa, resulting in deregulation of
OXPHOS and TCA cycle. These impairments that are induced by the number of
oncogenes including MYC, AR, mTOR result in elevated level of glutamine uptake
of PCa cells (Michalak et al., 2015).

1.4.1 The relationship between PCa and T2DM

Aberrant metabolism is also commonly seen in Diabetes Mellitus (DM) which is a
well known metabolic-deteriorative disorder. Tha majority of pathogical changes of
DM is glucose impairment. High amount of glucose accumulates in the blood in
pursuit of insulin secretion deficiency from pancreatic B cells. Consequently,
hyperglicemia causes failure in organs such as liver, kidney, heart and blood vessels
is revealed. Diabetes Mellitus are fallen into 2 categories: diabetes mellitus type 1

and diabetes mellitus type 2 (Gavin et al., 2002).

Take a look briefly in history, it is believed that there is a correlation between cancer
and diabetes mellitus for over a century. Maynard proposed that there is a significant
correlation between formation of cancer and diabetes. Formation of one of the
diseases might increase the risk of other (MAYNARD, 1910). Numerous
epidemiological studies support the association between two diseases. Studies
showed that cancer patients with diabetes progress more aggressive and lethal tumors
due to hyperglicemia and hyperinsulinemia environment (Barone et al., 2008). Until
now, in vitro and in vivo studies demonstrated that type 2 diabetes related metabolic
impairments promote tumor proliferation, metastasis and reduce therapy response
efficiency in many cancer. These two diseases share common metabolic impairments
such as elevated glucose metabolism, fatty acid oxidation, and reactive oxygen
species level. The similarity between these two diseases directs scientists to develop
novel therapies for PCa with co-existing therapy options of T2DM. In PCa, targeting
mitochondrial metabolism, oxidative phosphorylation and lipid metabolism have
been accelerated. There are many studies relying on the investigation of anti-cancer
effect of anti-diabetic agents to be repurposed. It is revealed that anti-diabetic agents
such as metformin and glipizide are able to suppress cancer proliferation. Many types
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of cancer including PCa can be targeted by these current drugs with the aid of drug
repositioning strategy leading to developing new therapeutics with old drugs (Demir
etal., 2014; Qi et al., 2014; Zaidi et al., 2019).

1.5 The role of PGC-1 alpha in PCa

Androgen signaling plays a pivotal role in PCa tumorogenesis. However, there are
other molecular pathways are involved in PCa development as well. Especially,
metabolic reprogramming including elevated level of glycolysis, OXPHOS and fatty
acid synhesis that support the cells to adapt chaning tumor microenvironment before
or after treatment. Metabolic impairments trigger cell survival, drug resistancy,
stemness ability and metastasis leading to progression through advanced PCa. It is
already prononunced with all these knowledge that mitochondrial mechanism is
involved in cancer progression. One important target is the peroxisome proliferator
activated receptor y (PPARY) which is a ligand-dependent transcription factor as a
member of nuclear hormone receptors (Rosen & Spiegelman, 2001). PPARy
participates in biological pathways such as proliferation and differentiation through
regulating glucose and fatty acid homeostasis. Since this receptor induces insulin
sensitivity, PPARy analogs (thiazolidinedione) are used as insulin sensitizerS in
T2DM patients (Brown et al., 1999; Rosen & Spiegelman, 2001). Furthermore,
PPARy has an oncogenic role in PCa and the protein is targeted by many scientists

for PCa prevention and treatment (Galbraith et al., 2021).

There is a well-known regulator of mitochondrial biogenesis named peroxisome
proliferator-activated receptor gamma (PPARY) coactivator-1 alpha (PGC-1la). To
look protein structure (as given in Figure 5), PGC-1a does not possess DNA-binding
domain. Therefore, it can regulate the transcription through acting on transcription
factors. PGC-1la protein structure includes several functional domains including
specific motifs for engagement with transcription factors, protein stability and for
nuclear localization. The protein structure also possess activator and repressor
domains for post-translational modifications. For instance, the protein activation can
be diminished by GCN5 acetylases through acetylation of the repressor domain, or

can be triggered by an action of SIRT1 deacetylases on activator domain (Alkan et
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al., 2011; Lerin et al., 2006). PGC-1 a is also regulated through phosphorylation by
p38 and MAPK pathways (X. Li et al., 2007).

Apart from its structure, PGC-1a as entitled co-activates a variety of transcription
factors including PPARs, estrogen-related receptors (ERR), nuclear respiratory factor
(NRF) 1/2 and hepatic nuclear factor (HNF) 4-o and glucocorticoid receptors (GR)
that enhance the expression of mitochondrial energy related genes (Mootha et al.,
2004; Mortensen et al., 2006; Nemoto & Sato, 2001; Vega et al.,, 2000). The
activation of PGC-1a in the cells provide cells to adapt changing thermogenesis,
increased glucose and fatty acid synthesis, decreased oxidative stress through
increased anti-oxidants production (Rius-Pérez et al., 2020; Valle et al., 2005). All of

these together induce energy achievements and support cell survival.
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Figure 5. PGC-1a protein structure (A) and function (B). PGC-1la co-activates a
broad range of transcription factors including PPARs, ERRs, NRF 1/2, HNF and GR
leading to adapting changing environments (Miller et al., 2020; Yuan et al., 2019).
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PGC-1a is a well known modulator of mitochondrial biogenesis. The protein
regulates gluconeogenic pathways, lipid synthesis and oxidative stress in many
tissues given in the figure below. Down-regulation or upregulation of PGC-la
ultimately cause metabolic deterioration. Abnormal activation of the protein is
related to many diseases including diabetes, cardiovascular diseases, and cancer
(Won et al., 2010; Wu et al., 2016). In T2DM, this co-activator becomes attractive
target since it sustains gluconeogenic pathways in hepatocytes acting as driver of the
T2DM pathogenesis (Soyal et al., 2006). Nowadays, many drugs have been used to
treat T2DM through alteration of PGC-1a activity. For example, metformin and 5-
aminoimidazole-4-carboxamide ribonucleotide (AICAR) reduce gluconeogenesis
level in an AMPK-PGC-1a dependent mechanism. AMPK phosphorylates and
inhibits the function of PGC-la as a consequence of treatment of these drugs
(Aatsinki et al., 2014; Hofer et al., 2014).
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Figure 6. Downregulation of PGC-1a causes metabolic deterioration.

PGC-1a is expressed in many tissues such as skeletal muscle, heart, brain, liver,
adipose tissue and endothelium to regulate cellular energetics such as
mitochondrial pathways, glucose metabolism, fatty acid oxidation, ROS, anti-
oxidant defense mechanism, inflammation and so cell survival/death.

Downregulation of PGC-1a ultimately destroy the balance in all these metabolic

pathways (Rius-Pérez et al., 2020).

In addition, PGC-1a has an oncogenic role in many cancer such as melanoma, breast
cancer and is involved in PCa tumorogenesis as well (Klimcakova et al., 2012; Ma et

al., 2013). PGC-1a leads to decreasing of reactive oxygen species (ROS) through
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enhancement of antioxidant enzyme expression and support tumor growth (Torrens-
Mas et al., 2017). It is provided that PGC-1a enhances cell survival since it decreases
ROS level-asociated cell death (Valle et al., 2005). Surely, PGC-1a is involved in
cancer related mechanisms. Furthermore, PGC-1a promotes metastasis capacity of
circulating cancer cells. Accordingly, migratory and invasive cells demand more
energy to maintain their proliferative state (Lebleu et al., 2014). According to a
recent study, PGC-1a is a co-activator for ERG fusion results in increased expression
of anti-oxidant enyzmes. The activation of PGC-1a correlates with ERG fusion that
support proliferation of PCa cells. Thus, inhibiton of PGC-1a-ERG pathway engaged
with apoptotic cell death and causes reduction of PCa (Dhara et al., 2022). In another
study, PGC-1a co-activates AR transcription factor and activates AR signalling that
drives PCa progression (Shiota et al., 2010). According to another study, AR
signaling supports PCa growth through metabolic changes as upregulation of AMPK
signalling cascade that further activates PGC-1a. AMPK-PGC-1a is an AR-driven
mechanism in order to keep the PCa cells alive (Tennakoon et al., 2014a). To
conclude, co-activator function of PGC-1a on AR and ERG fusion clearly show that

PGC-1la is an oncogenic driver of PCa and can be a promising metabolic target.

1.6 Chemical Inhibiton of PGC-1a by SR-18292

There is a novel drug molecule that is discovered for targeting metabolic changes
through inhibition of PGC-1a activity. SR-18292 is a small molecule inhibitor of
PGC-1a that is discovered to be used in type 2 diabetes mellitus (T2DM) patients by
Sharabi. They demonstrated that SR-18292 reduced glucose level and improved
insulin sensitivity in hepatocytes of T2DM mice. SR-18292 triggers the binding of
PGC-1la to an acetylase enzyme GCNS. The interaction between acetylase enzyme
and PGC-1a results in acetylation of the protein from its repressor domain. SR-
18292 ultimately causes post-translational inhibition of PGC-la by acetylation
modifications catalyzed by GCN5. (Sharabi et al., 2017). Mechanism of SR-18292
small molecule inhibitor on PGC-1a is given in the Figure 7. Apart from T2DM, SR-
18292 drug molecule has been recently tested in cholangiocarcinoma. Raggi at al
investigated anti-cancer effect of SR-18292 in cholangiocarcinoma stem-like cells.
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The study demonstrated that SR-18292 destroyed 3D spheroids, decreased
pluripotency feature and reduce EMT through downregulation of mesenchymal
markers such as Slug, Snail and Vimentin (Raggi et al., 2021).

In this study, PGC-la activity is chemically inhibited by using SR-18292 small
molecule inhibitor in PCa cell lines including PC3 and LNCaP cells and benign
prostate epithelial cells RWPE-1. LNCaP cells are androgen-sensitive PCa
adenocarcinoma that was originated from lymph node metastatic tumor of a patient.
PC3 cells are androgen-insensitive PCa adenocarcinoma which was originated from
IV grade bone metastatic tumor of a patient. In the experiments, RWPE-1 cells that
are originated from healthy prostatic epithelial cells were utilized as a control in
order to investigate the side effect of SR-18292 molecule in healthy cells. The main
purpose of the study is to evaluate the anti-proliferative and anti-cancer effect of SR-

18292 on PCa progression.
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Figure 7. Action of SR-18292 on PGC-1a activity.

SR-18292 triggers the binding of GCN5 to PGC-1a. GCNS post-
translationally regulates PGC-1a activity through induction of

acetylation modification by GCN5 enzyme.
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1.7 Therapy Options

Prostate cancer is diagnosed by prostate biopsy. Prostate-specific antigen (PSA) is a
well known diagnostic marker for PCa. Elevated level of PSA is a critical cue about
the formation and the progression of PCa. Digital rectal examination (DRE) is also
occassionally used to diagnosed and controlled the disease. At the early stage of the
disease, PSA level and DRE are controlled during active survelliance to create a
treatment plan. Then, radical prostatectomy or ablative radiotherapy is applied for the
treatment of localized PCa. Ablative radiotherapy is useful for targeting primary
tumor by an intense dose of radiotherapy. When the tumor is relapsed at the same
site after radical prostatectomy, salvage radiotherapy and androgen deprivation
therapy (ADT) is used to decrease elevated PSA level. Drugs and chemical
molecules targeting AR known as Androgen Deprivation Therapy (ADT) is major
therapy against PCa patients. ADT is a hormonal therapy and relies on reduction of
patient’s testesterone level. For advanced PCa, ADT is combined with
chemotherapic agents -especially docetaxel- and/or novel AR-signaling inhibitors
such as abiraterone, apalutamide and enzalutamide (Figure 8). After tumor relapse,
radiotherapy might be used as well. Treatment approaches are differentiated
according to tumor aggressiveness, formation of metastasis and/or site of metastasis.
If the disease progresses aggressively after this point, the disease become castration-
resistant prostate cancer (CRPC). When CRPC is metastatic, lifelong ADT is given
to the patients in addition to docetaxel or AR inhibitors —abiraterone, enzalutamide or
apalutamide- with radiotherapy are given to the patients depending on the metastasis
rate. There are other treatement options within development process and target
distinct specific mechanisms to overcome this situation. Targeting AR signaling,
immune system, DNA repair enzymes and metabolic pathways are some of the
treatment approaches in PCa. There are novel agents that target different mechanism
such as PARP, DNA repair mechanism and metabolic pathways (He et al., 2022;
Rebello et al., 2021).
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Figure 8. Diagnosis and current treatment options for localized and recurrent
PCa.

1.7.1 Targeting AR Signaling

Androgen hormone plays a major role in Prostate organ homestasis. AR that binds to
androgen hormones such as testosterone and dihydrotestosterone is activated and
ready to enter the nucleus to promote transcription of genes (KLK3, TMPRSS2-
ERG, NKX3.1) related to prostate development, differentiation and homeostasis. It is
already known that AR signaling enables to manage both formation and progression
of PCa (Tan et al.,, 2015). Therefore, Androgen Deprivation Therapy (ADT) is
applied to the patients to decrease serum androgen level and consequently decline
AR signaling pathway. AR signaling is targeted in different ways including limiting
hormone releasing, blocking androgen synhesis or targeting directly AR to inhibit its
translocation to the nucleus. In the first approach, gonadotropin-releasing hormone
(GnRH) agonists/antagonists are used to suppress PCa. Chemical agonists of GnRH
are used to decrease releasing testosterone and theraby inhibiting tumor growth.
Many clinical studies are performed to develop GnRH agonists including Leuprolide
and Goserelin which successfully complete clinical phases. GhRH antagonists are
also used to limit the testosterone release to not reach castartion level. Aberelix,

Debarelix and Relugolix are FDA approved GnRH antagonists. There are still
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ongoing studies which aim to combine GnRH agonists/antagonists with
chemotherapy and/or radiotherapies (Schally et al., 2017).

Another AR targeting approach is the reduction of Androgen synthesis. CYP17ALl is
a critical enzyme for androgen synthesis (Yin & Hu, 2014). The enzyme has a
significant role in androgen biosynthesis in CRPCa. There are many CYP17A1l
inhibitors are being tested in clinical studies. Abiraterone is the first FDA approved
CYP17ALl inhibitor that decrease PSA level and increase survival of mCRPCa
patients. Orteronel and galeterone are also developed as CYP17ALl inhibitors for
metastatic and non-metastatic CRPCa treatment respectively (Han et al., 2019).

Researchers improve drugs that directly bind and block AR activation and theraby
transclocation to the nucleus for regulating the gene expression. There are AR
inhibitors that bind to ligand biding domain (LBD) of AR to inhibit its ligand-
dependent activation. Bicalutamide and flutamide are the first generation AR
inhibitors that reduce PSA production that is encoded by KLK3 gene resulting in
relief of symptoms. Apalutamide and Enzalutamide are novel AR inhibitors
approved by FDA (Chi et al., 2019; Davis et al., 2019). Enzalutamide binds to LBD
and suppresses ligand binding to AR. On the other hand apatulamide blocks AR to
localize in nucleus and bind to DNA. According to a study, Apalutamide has a higher
efficiency than enzalutamide and prolong overall life of non-metastatic CRPCa
patients (Gillessen et al., 2020). There are AR mutations present in LBD that make
the tumor resistant to LBD targeted agents. To overcome this phenomena,
Darolutamide as a current AR inhibitor approved by FDA in 2019 is developed to
antagonize mutated AR (Moilanen et al., 2015). It is provided that Darolutamide
effectively alleviate non-metastatic patients life. Current AR targeting approaches are
developed to block ligand binding. However, there are AR proteins that are lack of
LBD and still maintain their function in the nucleus and efficiently bind to DNA
even in the lack of androgen. Enzalutamide, apatulamide and darolutamide are AR
antagonists that have great affinity to bind AR and directliy inhibit AR translocation
to the nucleus. These agents are considered as next generation AR inhibitors that are
reccommended to used for non metastatic PCa to prevent progression through
mCRPCa (Lavaud et al., 2020)
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Table 1. List of AR targeting agents.

Drug | Target | Disease Progress

Leuprolide GnRH Agonists PCa

Goserelin GnRH Agonists PCa

Aberelix GnRH antagonists PCa

Debarelix GnRH antagonists PCa

Relugolix GnRH antagonists mCRPCa

Abiraterone CYP17ALl inhibitors mCRPCa

Orteronel CYP17Al inhibitors CRPCa

Galeterone CYP17ALl inhibitors PCa

Bicalutamide AR PCa

Flutamide AR PCa

Enzalutamide AR antagonist, blocking AR nuclear nmCRPCa, CRPCa
localization

Apalutamide AR antagonist, blocking AR nuclear nmCRPCa
localization

Darolutamide AR antagonist, blocking AR nuclear nmCRPCa
localization

From: Targeting signaling pathways in prostate cancer: mechanisms and clinical trials
(He et al., 2022)

1.7.2 Targeting Signaling Pathways and DNA Repair Enzymes

A variety of cell growth and signaling pathways have been become the target during
developing more targeted therapies against continuously dividing cancer cells. It was
shown that amplification of PI3K/Akt/mTOR signling proteins due to PTEN loss of
mutation sustains proliferation of PCa cells. Therefore, the critical proteins found in
these pathways has become attractive targets while developing more targeted and
efficient therapies. There are drug agents that downregulate PI3K, Akt and mTOR
signaling proteins can be used as a single treatment or in a combination treatments
with AR inhibitors. There are many PI3K inhibitors that reach clinical studies.
Buparlisip (BKM120) and PX866 are some of them which are studied in clinical
phase 2 (Bendell et al., 2012; Hotte et al., 2019). These PI3K inhibitors target the
catalytic subunit of PI3K protein has modest effect on PCa progression as a
monotherapy. Combination of PI3K inhibitors with AR targeting therapies should be
considered. Additionally, there are drugs targeting Akt as a downstream effector of
PI3K. Since activated Akt further phosphorylates other oncogenic pathways
including mTOR and AMPK, Akt might be a strong target as well. Capivasertib and

ipatasertib are currently studied Akt inhibiors in a combination therapy (Crabb et al.,
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2017; De Bono et al., 2019). The combination of Capivasertib with docetaxel has
reduced PSA level of mCRPCa patients significantly. Another clinical study
investigates the efficcacy of abiraterone and ipatasetib in mMCRPCa. mTOR is a major
effector of this cascade and become activated by Akt phosphorylation. One of the
well known mTOR inhibitors is rapamycin. There are dual inhibitors (apitolisib and
BEZ235) of PI3BK-mTOR (Amato et al., 2008). Combination of apitolisib and
abiraterone has been tested in clinical phases 1/2 in CRPCa patients. All in all,
PI3K/Akt/mTOR inhibitors are still beeing tested and have some limited issues in
clinical applications. Researchers try to find new marker so as to improve co-
targeting therapies and increase treatment efficacy.

DNA repair pathways are other attractive targets in PCa treatment. Since there are
many DNA breaks present in cancer as a result of intrinsic or extrinsic mutagenic
factors, DNA repair system becomes an emergent need for repairment. Homology
Recombinant (HR) DNA repair system is destroyed in cancer cells due to the
mutation in certain genes including BRCA 1/2, ATM and ATR. Poly (ADP-ribose)
polymerase (PARP) enzyme is an important regulator of DNA repair pathways.
PARP enzyme plays a major role in activation and transcriptional regulation of DNA
repair mechanism. PARP inhibition in cells ultimately results in cell death when HR
system doesn’t work in the condition of BRCA 1/2, ATM and ATR mutations. The
cells are died due to inhibition of PARP as an upstream activator of DNA repair
pathways (Ray Chaudhuri & Nussenzweig, 2017). Therefore, inactivation of DNA
repair by PARP inhibition became a treatment approach against DNA repair
destroyed tumor cells. PARP inhibition with the use of drug molecules such as
olaparib, rucaparib and talazoparib is a novel treatment option for mCRPCa (Abida
et al., 2020; de Bono et al., 2021; Hussain et al., 2020). It is suggested that the use of
PARP inhibitors with chemotherpy/radiotherapy agents enhanced lethality of cancer
cells. Olaparib and Rucaparib are currently approved by FDA for treatment of
mCRPCa that contain HR deficiency.
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1.7.3 Targeting Metabolic Reprogramming

It was already provided that metabolic impairments are involved in tumor
progression. There are many factors including genetic changes, diet and other
environmental factors effect cellular metabolism of PCa. Tumor microenvironment
hypoxia, nutrient, oxygen accesibility, and deregulated signaling pathways all affect
cell metabolism. Targeting metabolic pathways has become one prominent therapy
approach against many cancers and PCa as well. Elevated level of OXPHOS,
generation of glucose, lipids and metabolic wastes are some of the metabolic
deregulations that are used in therapy approaches. PCa is directly associated with
glycolysis, TCA cycle, fatty acid and cholesterol synthesis, glutamine metabolism
and citrate secretion. There are a broad range of metabolic inhibitors targeting ETC
Complex 1, AMPK pathway, fatty acid synhase (FASN), hexokinase, aconitase and
glutaminase in order to reorginize TCA cycle, fatty acid synthesis, glycolysis, citrate
secretion and glutamine balance (Flavin et al., 2010; Sadeghi et al., 2015; Strmiska et
al., 2019; Tennakoon et al., 2014b).

From this aspect, anti-diabetic drugs are repositioned to be used in PCa treatment.
Metformin and glipizide are the well known anti-diabetic drugs that have an anti-
proliferative effect and reduce cell survival of PCa through targeting cellular
metabolism (Qi et al., 2014; Whitburn et al., 2017). There are many other metabolic
inhibitors (listed in Table 1.) aimed to be used as a targeted therapy and/or in a
combination therapy through reducing mitochondrial pathways. There are more
ongoing studies that search about how metabolic aberrations related to PCa
aggressivenes to find the most potential metabolic targets and drugs for PCa

treatment.
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Table 2. List of metabolic inhibitors in PCa.

Drug | Target | Mechanism | Reference
Metformin AMPK activator, Decrease glucose level, (Sahraet al., 2008)
mTORC1, ETC reduced tumor cell
Complex 1 proliferation
Glipizide ATP-dependent Inhibits angiogenesis (Qietal., 2016)
potassium channels
Lonidamine HK ATP reduction,elevated (Sadeghi et al.,
Etomoxir CPT-1 apoptosis, MMP 2015)
(combination) reduction
Canaglifozin ~ SGLT?2 inhibitor Reducing growth, (Villani et al.,
clonogenic survival 2016)
Orlistat FASN Inhibitors of (Flavin et al.,
lipogenesis, 2010)

Inhibits proliferation,
induces apoptosis

Simvastatin Akt Reducing PSA level, (Kochuparambil et
Cholesterol Decreasing colony al., 2011)
Mechanism forming, migration and
Inhibitor invasion

2. MATERIALS AND METHODS

2.1 Cell Lines, Equipments and Small Molecular Compound
2.1.1 Cell Lines

In the study, LNCaP, PC3 and RWPE-1 cell lines were grown in cell culture. PCa
cell lines including PC3, LNCaP and RWPE-1 cell lines were obtained from DSMZ
(German Collection of Microorganisms and Cell Cultures, GmbH, Braunschweig,
Germany). PC3 and LNCaP cell lines were grown in RPMI medium (Gibco, Grand
Island, NY, USA) containing 10% FBS (Gibco) and 1% penicilin/streptomycin
antibiotics (Gibco), RWPE-1 cells were grown in Keratinocyte-serum freee media
supplemented with epidermal growth factor (EGF) and bovine pituitary extract
(BPE) (Gibco).

2.1.2 Equipments and Chemicals

5% CO> incubator, water bath, laminar flow, +4 and-20 °C and -80 °C refrigerators

were routinely used eqquipments in cell culture. The cells were incubated in 5% CO>
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incubator which provides cells to suitable conditions especially maintaining the pH
level at 7 and keeping the temperature at 37 °C. Growing cells in the cell culture

were always kept in this special incubator.

Complete growth medium, PBS and Trypsin-EDTA were kept in +4. Culturing cells
were exposed to medium, PBS and Trypsin-EDTA which had been heated up to 37
°C via incubation in the water bath before using, FBS and penicilin-streptomcysin
were storaged at -20°C. They were dissolving and heated up in the water bath as well
before using. It was important that cells were stocked since the cell culture
experiments take a long period of time. When the passage number becomes too high,
the cells were thrown away, low passage numbered cells that had been stocked were
utilized. When the cells were stocked, they were freezed and storaged at -80 °C. The
most importantly, HEPA-filtered laminar flow cabinet was used during passaging,
thawing, or experimenting the cells. It is obligatory that the cells were faced to sterile
air conditions and kept away from the contaminated air with the help of HEPA filters

in the biological safety cabinet.

2.1.3 Small Molecular Compound

SR-18292 that is a small molecule inhibitor of PGC-la was purchased from
MedChemExpress (cat. no. HY-101491) and dissolved in dimethyl sulfoxide
(DMSO) to obtain 10 mg stock solutions.

2.2 Cell Culture

In the study, LNCaP, PC3 and RWPE-1 cell lines were grown in cell culture to figure
out anti-proliferative and anti-cancer impact of SR-18292. These cells were kept
growing, passaging, thawing and dissolving routinely in a long period of time to

maintain functional and molecular analysis.
2.2.1 Passaging Cells

e Once the cells were seemed to be confluent (around 80% of the flask surface
is covered with cells), cells were passaged.

e All the matiarls which directly face to the cells were
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At first, medium was aspirated with a pastoure pipette and then the adherent
cells on the surface washed with 1:1 1X PBS (Phosphate Buffer Saline).

Once PBS was aspirated, to harvest the cells trypsin-EDTA was added as a
dissociating reagent by using the amount needed to cover each flask
depending on the flask surface area.

The flasks were placed in a 5% CO: incubator at 37°C and incubated for 5
minutes. At the end of 5 minutes, the cells were checked under the
microscope whether they removed from the surface. (If they not, mechanical
power was applied or the cells was incubated for 5 more minutes)

To neutralize Trypsin-EDTA, medium was added into flask as a 1:2 ratio of
Trypsin-EDTA to medium.

Detached cells were collected and transferred into a falcon.

Cell suspansion was mixed, diluted (1:4, 1:6, 1:8 depending on the cell line
type and the density of cells) and seeded back into the flask.

The flask was completed with a certain volume of medium according to the
surface area.

For the ongoing experiments such as treatmet of monolayer cells or 3
dimensional cell culture, remaining cells in the falcon were counted under the
Inverted Light Microscope with the help of a homocytometer.

If the flask was not confluent, conditioned medium was changed with fresh
medium. Medium of the flasks was aspirated and fresh medium was given
back to the cells.

PC3 cell line was cultured in petri dishes whose volume is 10 ml. LNCaP and
RWPE-1 cells were cultured in 5 ml flasks. Total medium volume and PBS
volume for washing cells were equal to 10 ml for PC3 and 5 ml for LNCaP
and RWPE-1. In dissociation process, Trypsin-EDTA volume was 2 ml for
PC3 and 1 ml for LNCaP and RWPE-1.

2.2.2 Cell Counting with Hemocytometer

After cell passaging, about 10-15 pl of cell suspansion was placed into the
hemocytometer.
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e Viable cells in the four squares (outlined in the figure below) of
hemocytometer were counted under the microscope. The average was taken.

e Cell density calculation was made according to the formula (shown in the
figure 9 below). The formula gives the cell number in Iml medium.

e Then, counted cells were seeded into 96-well plates depending on the

ongoing experiment.

B.

Counted cells
Total number of cells = (Average of X Dilution Factor X 10*

4 squares)

Figure 9. Hemocytometer diagram (A) and the formula for total cell
calculation (B).
Indicating 4 sets of 16 squares that should be used for counting (A).

The formula is used to calculate total number of cells in Iml medium (B).

2.2.3 Cell Freezing

e For each cell line, cells were freezed at -80°C for maintainig stock.

e During passage procedure, once the cells were detached from the surface with
the addition of Trypsin-EDTA, fresh medium (1:2 ratio of Trpsin-EDTA and
Medium) was added to flask to stop the dissociation function of Trypsin-
EDTA.

e Then, the cells were collected from the flask and transferred into a falcon.

e Falcon involving cell suspansion was centrifugated at 1200 rpm for 5
minutes.

o Cells were precipitated at the bottom of the falcon.

e Supernatant was removed gently without disturbing the cell pellet.
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e Then, the cells were dissolved with 1 ml medium containing 10% DMSO.
Cells within the medium-DMSO solution was transferred into cryo-
preservation tubes. (Cell line name, the date, and passage number was written
on the tube. The tube was placed into isopropanol containing cryo freezing

container in the -80°C for slowly freezing procedure.

2.2.4 Thawing Cells

When passage number is getting higher, low passage numbered cells will be
needed. If there is any contamination, fresh and healthy cells must be received

from cell stock in -80°C.

e Once the cells were taken out from the refrigerator, the tubes were placed in
37 water bath to melt as a fast manner.

e After melting, cells were directly taken from the tube and transferred into a
flask and completed with fresh RPMI medium. Then, it was oberved under

the microscope and placed into incubator.

Table 3. Cell culture conditions for growing cell lines: PC3, LNCaP and
RWPEL.

Cell Line Flask/Petri Total PBS volume Trypsin-
surface volume medium EDTA
volume
PC3 10 cm?3 10 ml 10 ml 2ml
LNCaP 25 cm3 5ml 5ml 1ml
RWPE-1 25 cm3 5ml 5ml 1ml

2.3 SR-18292 Treatment and Cell Viability Assays

The effect of SR-18292 on monolayer cell proliferation was determined by using two
different reagents Crystal violet for DNA staining and tetrazolium based WST-
8/CVDK-8 assay (Cell Viability Detection Kit-8 assay). Crystal violet was used for
first experiments. PC3, LNCaP and RWPE-1 cell lines were seeded in triplicate onto
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a 96-well plate at a density of 6.0x10% 12.0x10® and 12.0x10° cells/well
respectively. The cells were incubated for 24 h at 37 °C in CO,, incubator and treated
with different concentrations of SR-18292 (10ul, 20 pl, 30 pl and 40 ul) and DMSO.
After 48 h, cell viability was analyzed by Crystal Violet dye and Cell Viability
Detection Kit-8 (CVDK-8/WST-8) (Eco Tech) by using a Micro plate reader
(Thermo Scientific). At least three independent experiments were applied to obtain
statistically significant results. Cell viability (%) values were calculated.
Accordingly, ICso concentration of SR-18292 for each cell line was determined by

using GrapHad tool.

2.3.1 Crystal Violet Staining

Crystal violet is a DNA intercalating dye. 0.5 % crystal violet (Santa Cruz, Dallas,
TX, USA) was prepared before the experiment. Procedure of crystal violet consisted
of fixation, staining and washing steps. The plate was measured with a microplate

reader.

e At first, culture medium was aspirated and the cells were washed with 200 pl
PBS.

e Then, methanol was added for fixation and the plate was incubated at room
temperature for 20 mins.

e Methanol was removed and 200 ul crystal violet dye solution was added to
each well and the plate was placed on a shaker for incubation at room
temperature for 20 mins. Genome of viable cells was stained with crystal
violet during the incubation.

e At the end of incubation, dye was removed from the wells. The cells were
washed with distilled water at least 3 times so as to remove excess amount of
crystal violet out of the cells. The plate was dried.

o Finally, the plate was analyzed using a microplate reader at 590 nm.

o Cell viability (%) of treated cells compared to the control group was

calculated by using the absorbance reads.

32



2.3.2 Cell Viability Detection Kit-8 (CVDK-8/WST-8)

WST assay is a tetrazolium salt based technique. The salts were reduced by
dehydrogenases of metabolically active cells into formazan crystals that give color
change of the media. Cell viability of most of the experiments was undergone with
CVDK®8/WST-8 assay. This procedure was easy and faster than crystal violet since it
does not include washing and fixation procedures. The assay was carried out 48

hours later from treatment

e 10% WST-8 reagent was added into each well.
e The cells were incubated for 1 to 2 hours in CO; incubator.
e Then, the plate was analyzed with a microplate reader at 450 nm absorbance.

e Cell viability (%) was calculated according to the absorbance values.

SR-18292 treatment and cell viability measurement procedures were repetaed at least
3 times. ICso value for each cell line was determined by using Graphdad tool, and

statistical analyses were applied by using Student’s t test.
2.3.3 1Cso Determination

ICso is the concentration of the drug that eliminate half of the cells. Previous
experiments were repeated at least 3 times and viability (%) was calculated from
absorbance results. 1Cso value of SR-18292 for each cell line was calculated with the
use of those viabilities (%) of at least three independent experiments. ICso was
calculated via two different ways for each cell: with a manual calculation on Excel

and with a statistical analyzer tool, GraphPAd.

Firstly, 1Cso was calculated on Excel with a manual calculation for PC3, LNCaP and
RWPE-1 cells respectively. Spectrophotometer result of each experiment was used to
be determined viability (%) of SR-18292-treated cells. First of all, triplicate
absorbance values of treated wells (cells that treated with four different concentration
of SR-18292) and control wells (cells that treated with four different concentration of
DMSO) were averaged. Average absorbance value of control cells were thought as
100% viable. Once the control cells were used as 100% viable, viability(%) of
treated cells were calculated based on controls. Absorbance values, viabilities and

estimated 1Cso values are given in the tables of results section
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2.4 2-Dimensional Colony Formation

Firstly, prostate cancer cells, PC3 and LNCaP, and control cells, RWPE-1,
were counted with a hemocytometer.

Cell number was calculated for each cell for a 6-well plate.

Cells were seeded on 6-well plates within 2 ml medium for each well. PC3
and LNCaP cells were seeded onto 6-well plate at a density of 2.0x10° and
4.0x10° cells/well.

After 24 h, cells were treated with ICso concentration of SR-18292 and
DMSO as a control.

6-well plates involving treated cells were put in the incubator for 24 hours
prior to resuspend step.

The cells were harvested and re-seeded onto a new 6-well plate at a density
of 3.0x10% and 6.0x10? cells for PC3 and LNCaP cells respectively. In this
step, cells were detached from the surface with addition of Trypsin-EDTA as
a usual cell culture procedure. Cells were taken from the 6-well plate to
falcons. Cells were counted with hemocytometer and cell numbers were
calculated as 300 for PC3 and 600 for LNCaP and RWPE-1. Each cell line
was resuspended and reseeded in new 6-well plate. In this procudure, the aim
is to provide suitable condition for a single cell to form colony. For this
reason, low number of cells were re-seeded so that cells would not be close to
each other during colony formation. Cells were seeded as duplicates
including control and treated cells

Second treatment was applied to each cell line after 7 and 14 days for PC3
and LNCaP cells respectively.

The cells were stained with 0.5 % crystal violet (Santa Cruz, Dallas, TX,
USA) at the end of the incubation period that take 15 and 22 days for each

cell line. Colony numbers were enumerated by using ImageJ Software.
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2.5 3-Dimensional Cell Culture

3-Dimensional tumor spheres were generated by using low-attachment 96-well plates
including Ultra-Low Attachment 96-well Polystrene Microplates (Facellitate) and
Nunclon Sphera 96U Bottom Plates (Thermo Scientific). PC3, LNCaP and RWPE-1

cells were cultured as 3-D spheres.

2.5.1 3D Spheroid Formation by using Ultra-Low Attachment

96-well Polystrene Microplates (Facellitate)

e At first, cells were harvested, counted and seeded on low attachment 96-well
plate. PC3 cells were seeded with a number of 2000 cells per well, LNCaP
and RWPE-1 cells were seeded with a number of 5000 cells per well. The
cells were cultured in 150 pl total medium per well.

e The plate was centrifugated for 5 min at 1200 rpm and incubated for a 48
hours in 5% COz incubator for the formation of 3D spheroids.

e 48 hours later, first treatment was applied to 3D spheres with estimated 1Cso
two-fold 1Cso of SR-18292.

e As a control, DMSO was added to each well as the same volume as SR-
18292.

e Drug molecules and DMSO solution were dissolved in 100 pl medium. The
medium containing drug molecule and DMSO was given to the cells.

o 3-D spheres were incubatedin 5% CO- incubator for 48 hours after treatment.

e At the end of the incubation period, WST-8 assay was applied to determine
viability (%).

2.5.2 3-D Sphere Formation by using Nunclon Sphera 96U Bottom Plates

(Thermo Fisher)

Sphere formation was performed by Nunclon Sphera 96-well U-bottom 3D cell
culture plate (Thermo Fisher, Japan).
e The cells were collected, counted and estimated number of cells were seeden

into in 96U bottom plates.
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2000 PC3 cells and 2500 LNCaP cells were seeded in 200 pl medium per
well.

The plate was centrifugated for 30 minutes at 1000 rpm.

The plate was incubated in in %5 CO: incubator for 3D spheroid formation
for 48 h.

Then, the spheres were treated with ICso concentration of SR-18292 25 pl
medium as a first treatment. (At least three replicates for treated group and
control group. Control group was treated with DMSO as the same volume as
SR-18292)

The plate was incubated in in 5% CO: incubator for 48 h and previous step
was repeated as a second treatment.

The plate was incubated in %5 CO> incubator for 72 hours and cell viability
was applied by using 2 distinct methods WST-8 and Cell Titer Glo-3D
Viability Assay.

2.5.3 Viability of 3-D Spheres

The anti-proliferative effect of SR-18292 small molecule on 3D cell culture was
quantified with distinct methods including WST-8 and Cell-Titer Glo Reagent that

are based on tetrazoluim reduction and ATP amount respectively. The methods were

used to quantify proliferation of 3-D spheroids.

2.5.3.1 Cell Viability Detection Kit-8 (WST-8)

CVDK-8 is a colorimetric assay that evaluate viable cells. The assay involves the use

of WST-8 reagent leading to production of water-soluble formazan dye (in orange

color) when it is reduced with dehydrogenase enzymes of viable cells.

The reagent is added into medium 1:10 ratio. First of all, 150 pl of medium
was removed from each well and 100 pl medium was remained.

Medium was carefully removed without disturbing spheres. Spheres were
dissociated by harsh pippeting. (Observing the spheres under the microscope

whether they are dissociated)
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e 10 pl WST-8 reagent was added to each sphere and the plate was incubated
for 2 hours in CO2 incubator.

e Then, the plate was analyzed with a microplate reader at 450 nm absorbance.

e There were some considerations. There were bubbles in the medium that can
diminish the the reading sensitivity. To eliminate them, the plate was
incubated for 40 minutes in CO: incubator and 20 minutes in shaker
incubator. The aim of shaking was to remove bubbles created as a result of
vigorous pippetting. If necessary, the plate was incubated for 1 hour more, the

second measurement was taken from microplate reader.

2.5.3.2 Cell Titer-Glo 3D Cell Viability Assay (Promega)
This assay is a bioluminescence assay and is based on the determination of ATP
amount in viable cells. 3D sphere formation assay was set up according to
luminescence reader. The wells that is going to be read by a luminometer are chosen
as away from each other. It was considered that adjacent wells are not read by
luminometer. When the reagent is added into cells, luminescent signal is generated
proportional to amount of ATP. The reaction is catalyzed by luciferase enzyme, the

cells are lysed and ATP is gotten out of the cells.

On 7th day, viability of tumor spheroids were analyzed with a luminometric assay
Cell Titer-Glo 3D Cell Viability Assay kit (Promega, USA) bioluminescence assay
based on measurement of ATP amount in viable cells. Bioluminescence signal was
read by a luminescence reader (BioTek, CYTATIONS imaging reader). The sphere
images were captured by a Fluorescence microscope (ZEISS) at the end of the
incubation time (Figure 2).

o CellTiter-Glo 3D reagent was thawed at 4°C overnight.

e The reagent and plate were equilibrated at room temperature for 30 min
before use. The amount of reagent was equal to the medium volume of the
spheres. 200 ul the medium was removed and 50 pl remained. 50 pl reagents
was added into each well.

e The plate was vigorously shaked with the use of a shaker for 5 minutes at

room temperature.
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e Then, the plate was incubated for 25 min at room temperature.
e Luminescence signal was read by a luminometer (BioTek, CYTATIONS

imaging reader).

2.6 Evaluating EMT Markers

To understand the SR-18292 impact on Epithelial-Mesenchymal Transition (EMT)
of PCa, qPCR experiment was performed with the use of certain EMT markers.
MRNA expression levels of EMT markers including E-cadherin, N-cadherin, Snail,
Twist, Slug and Vimentin in two PCa cell lines (PC3 and LNCaP) were determined
by gPCR following SR-18292 treatment. The experimental procedure includes
sample preparation (pellet preparation), total RNA extraction, cDNA synthesis and

gPCR reaction.

2.6.1 Pellet Preparation

e Firstly, PCa cells (PC3 and LNCaP) were counted and seeded into 6-well
plates. 2x10° PC3 cells and 4x10° LNCaP cells were seeded per well.

e Total volume of one well in 6-well plate was 2ml. After 24 hours, 1 ml
medium was removed from each well.

e Then cells were treated with ICso concentration SR-18292 after dissolving in
in 1 ml medium per well.

e After 48 hours, cells were collected with a cell sketcher and transferred into
15 ml falcon

e Cells were centrifugated at 1200 rpm for 5 min. Then, supernatant was
removed.

e Ongoing procedures were carried on ice cold.

o Cell pellet was dissociated with 1 ml cold PBS and tranferred into 1.5 ml
microcentrifuge tube and centrifugated at 8000 g for 5 min at 4 °C.

e The supernatant was aspirated and the pellet stored at -80 °C for later use.
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2.6.2 RNA extraction

Total RNA extraction was applied according to the ECOPURE Total RNA Kit
(EcoTech).

e Frozen cell pellets were thawed prior to beginning of RNA extraction period.

o Cell pellets were lysed immediately after thawing. 400ul Lysis Buffer was
added into each pellet sample. The mixture was mixed by pippetting at first
and by vortexing for 10 seconds until the pellet was dissolved completely.

® 400 pl absolute ethanol (96-100%) was added to each lysate. The mixture

was mixed by vortexing for 10 seconds.

e An EcoPURE Column was inserted into a Collection Tube. The cell lysate
(from previous step) mixture was transferred to the EcCoPURE Columns.
EcoPURE columns were centrifugated at maximum speed in a tabletop
microcentrifuge 30 seconds at room temperature (This step was repeated
depending on the lysate volume).

e The flow through was discared and 400 ul EcoPURE Wash Buffer 1 was
added to the ECoOPURE Column. EcoPURE columns were centrifugated at
maximum speed in a tabletop microcentrifuge 30 seconds at room
temperature.

e The flow through was discarded and 500 pl EcoPURE Wash Buffer 2 to the
EcoPURE Columns. The columns were centrifugated at maximum speed in a
tabletop microcentrifuge 30 seconds at room temperature.

® The flow through was discared and 200 pl EcoPURE Wash Buffer 2 to the
EcoPURE Columns. The columns were centrifugated at maximum speed for
2 minutes.

e The column was transferred to a clean 1.5 mL microcentrifuge tube.

e 50-100 pL of EcoPURE Elution Buffer was added to the center of the
EcoPURE Column membrane and the column was incubated at room

temperature for 1 minute.

e EcoPURE columns were centrifugated at maximum speed in a tabletop

microcentrifuge 30 seconds at room temperature.
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e The EcoPURE Column was discarded. Purified RNA was stored the at -20°C

(for a few days) or - 80°C (for long term storage) until use.

2.6.3 cDNA Synhesis

Purified RNA was used as template to synthesize cDNA. cDNA was synthesized
according to iScript cDNA Synthesis Kit (BioRad). The kit contains 5x Reaction

Mix, Reverse Transcriptase and Nuclease-free water.

e Firstly, RNA samples were quantified with using a Nanodrop. The amount of
RNA was calculated according to its concentration. 20 pl reaction was set up
for each RNA sample accordingly the table below.

e The volume of nuclease-free water for each sample was calculated. The
estimated amount of nuclease-free water, reaction mix, RNA sample, and
reverse transcriptase enzyme were put into PCR tubes one by one.

e The complete reaction mix was incubated in a thermal cycler using the

following protocol given in the table below.

Table 4. The amount of components for cONA synhesis reaction.

Component Volume per Reaction (ul)
5x iScript Reaction Mix 4

iScript Reverse Transcriptase 1

Nuclease-free water Variable

RNA template (100 fg—1 pg total RNA)*  Variable

Total volume 20

Table 5. cDNA synhesis reaction protocol.

Priming 5minat 25 °C
Reverse transcription 20 min at 46°C
RT inactivation 1 min at 95°C
Optional step Hold at 4°C
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2.6.4 qPCR

cDNA that had been synthesized previously was utilized as template DNA in qPCR
reaction. The reaction was set up for EMT markers including E-cadherin, N-
cadherin, Vimentin, Slug, Snail and Twist. -actin was used for housekeeping gene.
The primer sequences were shown in the table 7. The gPCR reaction was performed
according to GoTag qPCR master mix kit (Promega). Reaction was set up in PCR
tubes as total volume will be 15 ul. The PCR components and the amounts per one
reaction were given in the table below. After reactions were set up, all the tubes were
spinned and put in ROTOR Gene gPCR machine that takes totally 100 minutes for

40 cycles. The reaction protocol was also given below.

Table 6. The amount of components for qPCR.

Component Volume per Reaction Final Concentration
(uh)

GoTaq gqPCR master mix 10 1X

(2X)

Forward Primer (20X) 0,15 200nm

Reverse Primer (20X) 0,15 200nm

cDNA Variable

Nuclease-free water To a final volume of 15 pl

Table 7. qPCR Reaction Protocol

Steps Cycles Temperature Time
Polymerase activation 1 95°C 2 min
Denaturation 40 95°C 15 sec
Annealing and 60°C 1 min
Extension
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Table 8. Primer Sequnces

Marker Type Primer Sequence
E-cadherin  Epithelial F: 5’>-CAGCACGTACACAGCCCTAA-3’
R: 5’>-ACCCACCTCTAAGGCCATCT-3’
N-cadherin Mesenchymal F: 5°-GGCTGGCCAAACATAAGCAG-3’
R: 5’-CCCGTGTGAGTTCTAATGTGTC-3’
Vimentin ~ Mesenchymal F: 5-CCCTCACCTGTGAAGTGGAT-3’
R: 5’>-GCTTCAACGGCAAAGTTCTC-3’
Slug Mesenchymal F: 5°-GGCTGGCCAAACATAAGCAG-3’
R: 5’>-CCCGTGTGAGTTCTAATGTGTC-3’
Snail Mesenchymal F: 5’-GGCTGGCCAAACATAAGCAG-3’
R: 5’>-CCCGTGTGAGTTCTAATGTGTC-3’
Twist Mesenchymal F: 5-GGCTGGCCAAACATAAGCAG-3’
R: 5’>-CCCGTGTGAGTTCTAATGTGTC-3’
ACTB Housekeeping F:5’>-ATGTGGCCGAGGACTTTGATT-3’

R:5’-AGTGGGGTGGCTTTTAGGATG-3’

2.7 Migration-Invasion Analysis

To analyze the effect of SR-18292 on migration-invasion ability of PCa cells, scratch

assay (wound-healing assay) and transwell assay were performed.

2.7.1 Scratch Assay

e PC3 and LNCaP cell were harvested and counted with a hemocytometer to
seed into 6-well plates as 2x10° cells for PC3 and 4x10° cells for LNCaP per
well. The cells were seeded as the total volume will be 2 ml per well.

e 24 h later, cells were treated with estimated 1Cso concentration of SR-18292.
The drug molecule was given in 1ml freesh medium to be distributed
homogenously, after 1 ml of dirty medium was removed from each well.

DMSO was utilized as a control group.
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e After 6 h, the cell layer was scrapped as a straight line by using a 1 mm
pipette tip. Tip was kept in a contact with bottom of well to remove the cells
as a straight line.

e After scratch, the cells were washed with PBS gently to remove detached
cells. Then fresh medium was replenished.

e Images of the scratches were taken at 0, 24 and 48 hours (until cells migrate
and heal the wound completely) by using a phase contrast microscope.

e The surface area of wound area was determined by using Graphad tool in

order to estimate the migration of SR-18292 treated and control cells.

Scratch assay couldn’t been replicated at least three times since the cells were

effected from wound formation step resulting in detach of too many cells.

2.7.2 Transwell Assay

e Cells were counted with a hemocytometer and seeded into 6-well plates as
200.000 PC3 and 400.000 LNCaP cells per well.

e 4 hours later, cells were treated with SR-18292 at ICso concentrations.
Control group was treated with DMSO as the same volume as SR-18292.

e After 24 hours, cells were collected and tranferred into 24 well plates
including transwell insert. In this procedure, first of all, Boyden chambers
(transwell inserts) were put into 24-well plate.

e Prior to cell seeding, plate was equilibrated. For PC3, 800 pl RPMI medium
containing 10% FBS was added into lower part, 400 pul RPMI medium
containing 1% FBS was added into upper chamber. For LNCaP, , 800 pl
RPMI medium containing 20% FBS was added into lower part, 400 pl RPMI
medium containing 1% FBS was added into upper chamber.

e The plate was incubated for 30 minutes in CO2 incubator for equilibrium.
During equilibrium time, growing cells were collected with Trypsin-EDTA
(0,25 %) solution. Medium was aspirated, cells were washed with PBS. 300
ul Tryspin-EDTA was added into each well and incubated for 5 minutes in
CO2 incubator. 1.2 ml was added into each well and treated and non-treated

cells were tranferred into distinct 15 m- falcons.
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e Cells were counted and 75.000 PC3, 150.000 LNCaP cells were seeded into
transwells. According to calculations, counted cells within calculated medium
volume were transferred into new 14 ml falcons, then centrifugated at 1200
rpm for 5 min. Supernatant was removed and the cells were added with 1%
FBS-RPMI medium.

e Finally, medium was removed from equilibrated plate and the cells within
RPMI medium containing 1% FBS were seeded into transwells. Lower part,
fresh medium containing 10% FBS for PC3, %20 FBS for LNCaP was added.

e The plate was incubated for 24 hours for PC3 cells and 48 hours for LNCaP
cells. After incubation duration, migrated cells were stained with
Giemsa/DAPI and counted.

2.7.2.1 Giemsa Staining

e Firstly, Giemsa was diluted as 1:10 ratio with PBS.

e Cells that remained on upper side of the chamber were scrapped with a cotton
swipe and controlled under the microscope whether dissociated from the
surface or not.

e Then, medium on the upper chamber was aspirated.

e The cells were washed with PBS and scrapped again. This procedure was
repeated 3 times or more until the cells were collected completely.

e After that, medium in the lower part was aspirated. Methanol was added to
lower part and incubated for 20 minutes at room temperature for cell fixation.

e Once methanol was removed, Giemsa was added into lower part. It was

incubated for 30 min then washed with PBS 2 times.

Migrated cells were observed under the microscope.

2.7.3 DAPI staining

e The procedure is same as in 2.7.2.1 until Giemsa staining.

e After methanol fixation, Porous membrane was cut with a bisturi.
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e DAPI was dropped onto a microscope slide and membrane was faced with
DAPI.

e It was covered with a microscope cover slip and bubbles were eliminated if
exist.

e Microscope slide was incubated about 30 minutes at room temperature and
then incubated more in +4 refrigerator.

e It was waited for at least overnight, and observed under a fluorescent
microcopy.

e Again, 5 distinct images were taken from different areas, cell were counted

with ImageJ tool. Treated cells were compared with control group.

2.8 Immunofluorescence (IF) Analysis for AR Localization
To find out the effect of SR-18292 on AR activity, Immunofluorescence (IF) Assay
was set up by using AR-dependent LNCaP cell lines. The protocol involves cell
preparation, treatment, fixation, permeabilization, blocking, immunostaining and
DAPI staining.

2.8.1 Cell preparation: At The 1st day
e LNCaP cells were passaged and counted with a hemocytometer under
Inverted Light Microscopy.
e The cells were seeded in a 6-well plate at a density of 4x10° cells per well.

The plate was put in 5% CO> incubator for incubation for 24 hours.

2.8.2 Treatment: At The 2nd Day
The cells were treated with 1Cso concentration of SR-18292 and DMSO as a control.

The plate was put in 5% CO> incubator for incubation for 24 hours.

2.8.3 Resuspend and Re-seeding into Poly-D Lysine covered coverslip:
At The 3rd Day
e The cells were harvested with Trypsin-EDTA and counted with

hemocytometer in order to seed onto coverslip containing clean 6-well plates.
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e Coverslips were put into each well of a clean 6-well plates and waited for 20
minutes under UV light for sterilization. The coverslips were covered with
200 pl Poly-D Lysine and waited for 20-30 minutes.

e Poly-D Lysine was removed from the coverslips.

e The cells were seeded onto coverslips in the 6-well plate at a density of 6x10°

cells per well.

2.8.4 Fixation, Permeabilization, Blocking, Immunostaining and DAPI staining:
At The 4th Day

e Media were removed from each well and the wells were washed with 2ml
PBS.

e The cells were fixed with 4% formaldehyde. 500 pul 4% formaldehyde was
added into each well. The plate was incubated for 10 minutes at room
temperature.

e Formaldehyde was removed, the wells were washed with PBS. The plate was
incubated for 5 min at room temperature.

e PBS was removed from the wells. 1 ml 0,2 % Triton-X was added into each
well. The plate was incubated for 5 minutes on ice.

e Triton-X was removed, 500 pl 1% milk solution was added into each well
waited for 5 minutes at room temperature. (This step was repeated 3 times).

e After addition of 500 pl 1% milk solution at the forth times, the plate was
incubated for 15 minutes at room temperature.

e Milk solution was removed. A wet chamber was prepared for antibody
incubation. The coverslips were moved from the wells and put onto wet
chamber.

e Desired concentration (1:75) of primary antibody of AR (Anti-Rabbit) was
diluted in 200 pl of 1% milk solution.

e 200 pl Primary antibody was added onto the coverslips including SR-18292
treated and control group which had been treated with DMSO. (Primary
antibody was not added onto one well that was going to be used for negative
control, only secondary antibody was added onto this coverslip). The cells

were incubated for 1 hour 37°C incubator.
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At the end of incubation, primary antibody was removed. The coverslips were
washed three times with the use of three series of cups containing PBS.
Fluorescent-dye labeled secondary antibody was diluted in 200 pl of 1% milk
solution to prepare desired concentration (1:400).

200 pl secondary antibody was added onto the each coverslip also including
negative control. The cells were incubated for 1 hour at 37°C incubator.
Secondary antibody was removed. The coverslips were washed three times
with the use of two series of cups containing PBS and three series of cups
containing dH20.

The coverslips were cooled and sealed with DAPI (4',6-diamidino-2-
phenylindole) (Abcam, Cambridge, UK) on the microscopy lam.

Coverslips were put in +4 °C for overnight.

The cells were observed under the fluorescence microscope (Zeiss,

Oberkochen, Germany).

2.9 Western Blot Analysis

AR protein level of SR-18292 treated LNCaP cells was analysed by semi-dry

Western Blot technique.

Table 9. Buffers Recipe for Western Blotting

RIPA Lysis Buffer pH: Running  Buffer PAGE Gels

8.0 (1X)

Components Components Stacking Gel  Resolving Gel
4,5 % 10 %

50 mM Tris-HCI 25 mM Tris Acrylamide-bisacrylamide

150 mM NaCl 192 mM Glycine SDS

1% NP-40 0,1 % SDS Tris

0.5% Na- deoxycholate Ammonuium persulfate

0,1% SDS TEMED

Supplements:

1% protease inhibitor cocktails and 5 mM NaF

47



2.9.1 Protein Extraction

LNCaP cell pellet that had been treated with SR-18292 was prepared as given
in the protocol 2.7.1. (At least one control and one treated samples were
prepared. Control sample was treated with DMSO at the same volume of SR-
18292).

RIPA Lysis buffer (pH: 8.0) containing 50 mM Tris-HCI, 150 mM NaCl, 1%
NP-40, 0.5% Na-deoxycholate and 0,1% SDS was prepared.

RIPA lysis buffer was supplemented with 1% protease inhibitor cocktails,
and 5 mM NaF. (Protease inhibitor in the form of tablet was first dissolved in
PBS. 1 tablet was dissolved in 10 ml PBS).

Cells were lysed in lysis buffer. The amount of lysis buffer was decided
according to size of pellets. 50ul RIPA lysis buffer was used to dissociate
each sample.

Cell lysate was freezed and thawed quickly for three times.

Samples were shaked at +4 °C for 30 min.

Samples were centrifugated with 14.000 rpm for 10 min at +4 °C.
Supernatant containing proteins was taken and used in next steps.
Supernatant was heated and centrifugated just before loading into denaturing
SDS-PAGE electroporesis. The samples were incubated at 100 °C for 3 min
and centrifugated at 8.000 rpm for 3 min at 25 °C.

2.9 2 Running SDS-PAGE Electrophoresis

Electrophoresis gels and running tank were prepared.

Once the gels were solidifed, the tank was filled filled with 1X running buffer
until the wells were covered with buffer.

Before loading, volume of the protein samples (SR-18292 treated and
control) and the volume of Laemmli buffer were calculated and mixed. 4X
Laemmli buffer was used to be final concentration will be 1X.

For one sample, 40 ul sample was prepared with the protein extract, Laemmli

buffer and Lysis buffer. Therefore, For one sample, 20 ul SR treated sample,
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10 ul Lysis buffer and 10 ul Laemmli buffer were mixed. For control sample,
10 ul protein sample, 10 ul Laemmli Buffer and 20 ul Lysis buffer was mixed
Protein samples were loaded in Laemmli sample buffer into wells of SDS-
PAGE gel along with molecular weight markers.

The runnning was started with 90 V. When dye front reaches separating gel,
the voltage was increased to 110 V.

Electrophoresis was stopped when dye front reaches the bottom of the gel.

2.9.3 Wet Transfer

Gel was removed, stacking gel part was cut off and separated from resolving
gel.

The gel was placed into transfer buffer for 5 min (also nitrocellulose
membrane, 4 filter papers and 2 foam pads per gel).

Transfer sandwich was prepared. It was considered that there was no bubble
formation. Nitrocellulose membrane (0,45 micron) was placed to be on the
cathode, the gel on the anode (Figure 10).

The cassette was placed in the transfer tank and tank was filled with pre-
cooled transfer buffer.

Transfer was waited for 90 min at 16 V.
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Figure 10. Protein transfer from gel to membrane.

2.9.4 Antibody Hybridization

e The membrane was blocked with 1% milk powder in PBS 1 hour at room
temperature. The mebrane was incubated with primary antibody (AR)
overnight in +4 °C.

e The membrane was rinsed 3-5 times for 5 min with TBST.

e The membrane was incubated in secondary antibody solution for 1 h at room
temperature.

e The membrane was rinsed 3-5 times for 5 min with TBST.

e Chemiluminescence detection was performed in Azure.

2.10 Statistical analysis

All experiments were statistically analyzed by an unpaired two-tailed Student's t-test.

A p-value of less than 0.05 was considered to be significant.
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3. RESULTS

3.1 SR-18292 suppressed proliferation of cultured PCa cells.

Experimental studies has shown anti-proliferative effect of SR-18292 for distinct
prostate cancer cell lines including AR-positive (LNCaP) and AR-negative (PC3).
RWPE-1 cell line as benign prostate epithelial cells was used to asses the effect of
SR-18292.

The first step of in vitro studies aimed to evaluate which concentrations of SR-18292
has the highest anti-proliferative impact for PCa cells and the least cytotoxic effect
for RWPE-1 cells. To find out ICso concentration, the cell lines were treated with
10ul, 20 pl, 30 pl and 40 pl SR-18292 and DMSO as a control. After 48 h
incubation, WST-8 assay was performed to quantify viable cells. According to the
WST-8 assay results SR-18292 significantly suppressed cell growth in a dose
dependent manner. Viable cell numbers were reduced significantly after 48h
treatment with increasing concentrations. SR-18292 affected proliferation of each
cell line. However, PC3 cells as AR-negative cell lines were the most sensitive cells
to SR-18292 treatment (Figure 11A). Eventhough these cells represents the most
advanced cancer phenotype, they showed the highest anti-proliferative effect upon
SR-18292 treatment. RWPE-1 cells as benign prostate epithelial cells were the least
sensitive. As a result, PC3 and LNCaP cells were clearly more sensitive to SR-18292
than RWPE-1 cells (Figure 11C).

The experiments were repeated at least three times, cell viability (%) of each
experiment was calculated (as given in the Table 2). Accordingly, ICso value of each
cell line was determined by using GraphPad tool (Figure 11D). Ongoing experiments

were performed according to estimated 1Cso values of SR-18292 for each cell lines.
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Table 10. Cell Viability (%) as a result of different concentrations of SR-18292
treatment was represented for each cell line.

Concentration of PC3 LNCaP RWPE-1
SR-18292 Viability Viability Viability
(%) (%) (%)
Experiment 1
10 uM 70,51282 83,39623 92,78413
20 UM 44,82759 59,70149 66,17819
30 uM 38,99083 35,33569 47,44287
40 uM 27,20478 26,83824 21,79641
Experiment 2
10 uM 77,38652 76,06323 80,68144
20 uM 67,36933 64,45412 52,19261
30 uM 32,54501 37,14684 31,93062
40 uM 14,34742 21,28257 16,02963
Experiment 3
10 uM 74,80969 80,44914 94,85352
20 M 58,45876 55,97862 87,7259
30 uM 35,35236 43,20809 53,89658
40 uM 13,50427 27,54717 33,60129
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Figure 11. Anti-diabetic molecule SR-18292 reduced prostate cancer cell growth
of monolayer cell culture.

PCa cells (PC3 and LNCaP) and immortalized benign prostate epithelial cell
lines(RWPE-1) were treated with concentrations (10, 20, 30 and 40 uM) of SR-
18292. After 48 h incubation of cells following SR-18292 treatments, PCa cells
proliferation was reduced in a concentration dependent manner (A and B). The cells
were treated with SR-18292 and DMSO as a control. Viability (%) of PC3, LNCaP
and RWPE-1 cells as a result of distinct concentration of SR-18292 treatment given
together(C). ICso values of SR-18292 was estimated for each cell lines PC3, LNCaP
and RWPE-1 (D).

Statistical significant differences are given as a result of Student’s T test: *p<0.05,

**1<0.02, ***p<0.001
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3.2 SR-18292 suppressed 3D tumor sphere growth.

It is believed that 3D cell culture studies are more valuable than monolayer or 2D
cell culture since they represents the tumor and TME outside the body. Therefore, 3D
cell culture studies enable to give more accurate results to clinical studies. This study
employed 3D cell culture experiments to figure out drug potential of SR-18292 for

PCa treatment.

Exposure to SR-18292 significantly impaired proliferation of 3D tumor spheroids
through reducing size and destroying integrity of PC3and LNCaP 3D tumor spheres.
LNCaP tumor spheroids were more sensitive to SR-18292 than PC3 cells in terms of
cell viability. However, integrity of LNCaP spheroids were more intense than PC3
cells. SR-18292 substantially spreaded 3D shape of PC3 speroids (Figure 12 C)
whereas LNCaP 3D spheroids protects its integrity. However, the size of LNCaP
spheroids were reduced as a result of SR-18292 exposure for up to 5 days. At the end
of the incubation, viability rate of spheroids were measured with the aid of
tetrazolium based and ATP-based assays including WST-8 reagent and Cell Titer
Glo reagent. Expeerimental results showed significant decline in proliferative rate of
PC3 and LNCaP spheroids caused by anti-diabetic molecule SR-18292 (Figure 13).

RWPE-1 cells as benign prostate epithelial cells were also harvested to constict 3D
cell culture. 3D shape of RWPE-1 cells was destroyed and spread (Figure 14).
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Figure 12. Images of 3-D tumor spheres taken from Fluoresncence
microscopy.

3D cell culture images are belong to PC3 and LNCaP cell lines. 3D spheres A, B
and C belongs to PC3 cells; 3D spheres D,E and F belongs to LNCaP cells. 3D
spheres were treated with SR-18292 and DMSO as a control. A. Control PC3 3-D
sphere. B. ICso concentration of SR-18292 treated PC3 3-D sphere. C. 1C50X2
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concentration of SR-18292 treated PC3 3-D sphere. D. Control LNCaP 3-D
sphere. E. 1Cso concentration of SR-18292 treated LNCaP 3-D sphere. F. 1C50X2
concentration of SR-18292 treated LNCaP 3-D sphere.

3D spheres posses a necrotic core inside represented as a denser part at the center.
LNCaP 3D spheres especially show the necrotic core (D).

Statistical significant differences are given as a result of Student’s T test: *p<0.05,

**n<0.02, ***p<0.001
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Figure 13. Representation of 3-D cell viability (%) as a result of SR-18292
treatment. Bar graph represents viability (%) of PC3 and LNCaP 3-D tumor
spheres following SR-18292 treatment in two times with 1Cso concentration.
Statistical significant differences are given as a result of Student’s T test: *p<0.05,
**p<0.02, ***p<0.001
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Figure 14. Representation of 3-D images of RWPE-1 benign prostatic epithelial
cells.

The first days of RWPE-1 sphere that was treated with DMSO (A).

After few days RWPE-1 sphere was destroyed (B).

3.3 SR-18292 Restricted 2-dimensional colony forming ability of PCa cells

2D colony formation assay was performed to evaluate the effect of SR-18292 on
colony forming ability of PCa cells. During the experiment, PC3 and LNCaP cells
were treated with 1Cso concentration of SR-18292 twice. DMSO was given to control
group. 2D colonies of PC3 (Figure 14 A,B) and LNCaP cells (Figure 14 C,D) were
counted by using image J software. 2D colony numbers were lower in SR-18292
treated group than control group in both cells. 2D colony formation assay results
demonstrated that SR-18292 exposure resulted in about half reduction in 2D colony
counts in treatment groups. Number (%) of colonies for each cell line was

enumerated and shown in the graph (Figure 15).

There is a difference between the size of PC3 and LNCaP colonies. PC3 colony size
was larger than LNCaP colonies. It migt because of higher proliferative rate of PC3

cells.
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Figure 15. The effect of SR-18292 on tumor colony size and number.

A. SR-18292 treated PC3 2D tumor colonies. B. Control PC3 2D tumor
colonies. C. SR-18292 treated LNCaP 2D tumor colonies. D. Control LNCaP
2D tumor colonies. E. Number (%) of SR-18292 treated PC3 2D tumor
colonies, Number (%) of SR-18292 treated LNCaP 2D tumor colonies.
Statistical significant differences are given as a result of Student’s T test:

*p<0.05, **p<0.02, ***p<0.001
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3.4 Investigation of MRNA expression of EMT markers
following SR-18292 treatment

EMT is a critical step for the cancer cells to suppress their epithelial status and
activate a mobile characteristic feature. This is the reason of EMT become an
attractive target in cancer. In prostate cancer case, there are various transcription
factors support this conversion. These are E-cadherin, N-cadherin, Vimentin, Slug,
Snail and Twist. Th study aimed to evaluate the impact of SR-18292 on expression
of EMT genes which are E-cadherin as an epithelial gene, N-cadherin, Vimentin,
Slug, Snail and Twist as mesenchymal genes in PCa. gPCR reaction was set up to
compare mMRNA expression levels of these markers as a consequence of SR-18292
treatment. Previously, PCa cells (PC3 and LNCaP) were treated with ICsg
concentration of SR-18292 and pellets were formed. Total RNA extraction and
cDNA synhesis reactions were performed seperately. The cDNA samples were
utilized as DNA template for a SYBR-Green based gPCR reaction. The whole
experimental procudere was applied at least three different times. There were
majorly two groups, SR-18292-treated samples and control samples which had been
treated with DMSO. There were seven primer pairs for each EMT gene plus -actin
as a housekeeping gene to be able to compare the mRNA expression level of EMT

genes with and to measure their expression fold.

In each of the experimental repeat, the reactions for each group of cells and primer
were set up as duplicate. There was one more reaction tube which was known as No
Template Control (NTC) that do not contain cDNA.

Further analysis was performed with the use of Ct values that were derived from
ROTOR-Gene gPCR machine after 40 cycles. The initial comparison was made
according to the housekeeping gene. At first, ACt calculation was made by taking the
difference betwen Ct values of the genes and houskeeping. Treated samples and
control samples were compared with each other in this first calculation. As a next,
AACt values were measured by taking the difference between the ACt values of
treated samples and ACt values of control samples. Finally, 224 calculations were

made. All the calculations were done on Excell. 222t ultimately normalized the
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results according to 1 expression fold and gave the mRNA expression folds of each
EMT marker.

All these experiments and calculations were applied to PC3 and LNCaP cell lines.
The experiments demonstrated that SR-18292 significantly elevated the expression
of epithelial gene and reduced the expression of mesenchymal genes except for
vimentin given in the figure below. As a consequence of SR-18292 treatment, E-
cadherin expression was upregulated aproximately 0,63 times. mMRNA expression
level of Slug and Twist were decreased as half. Snail was reduced more than tha half.
These studies provided that SR-18292 as a inhibitor of PGC-1a co-activator, reduced
Slug, Snail and Twist mMRNA expression. As an assumption, PGC-1a might co-
activate the trancription of Slug, Snail and Twist. As a future perspective, the potein

protein interaction between PGC-1a and Slug/Snail/Twist should be analysed.
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Figure 16. Representation of mMRNA expression level of EMT markers in SR-
18292 treated LNCaP cells.

The effect of SR-18292 on mRNA expression level of EMT markers including E-
cadherin, N-cadherin, Vimentin, Slug, Snail and TWIST was investigated by
gPCR method. Ct values were further used to calculate AACT and 224, The

relative mRNA expression levels were shown above.

60



3.5 Evaluating the Effect of SR-18292 on Migration

To obtain additional information of anti-cancer potential of SR-18292, we employed

Scratch assay and Transwell migration assay to asses cancer cell motility.
3.5.1 Scratch Assay (Wound Healing Assay)

For the quantitative evaluation of cell motility after exposure to SR-18292, scratch
assay was performed and the images were taken under the microscopy. SR-18292
treatment impaired the migration rate of PC3 and LNCaP cells (Figure 17, 18). PC3
cells were observed at 0 h and after 24 h and 48 h incubation. LNCaP cells were
observed at 0 h, 48 h and 96 h. As a control group, DMSO was added to the cells as
the same volume as SR-18292. The images were further analysed by using ImageJ
software and Wound healing size tool Plugin. Wound area of PC3 cells at 0 h and 48
h exposure to SR-18292 and LNCaP cells at 0 h and 96 h exposure to SR-18292
were measured. SR-18292 significantly reduced PC3 cell migration. For each cell
line, control group healed the scratch area much more than SR-18292 treated groups
(Figure 19). Besides, it was provided that migration capacity of PC3 cells was greater
than LNCaP cells. PC3 cells migrated to scratch area and healed the wound after 48

h, whereas scratch area of LNCaP cells wasn’t healed completely even after 96 h.

The experiments of LNCaP cells couldn’t been replicated enough. The reason is that
the cells were detached from the surface as a consequence of PBS washing and fresh

media containing SR-18292 addition steps.
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Figure 17. Scratch Assay Images of PC3 cells.

SR-18292 exposure reduced cell motility of PC3 cells (D, E F) compared to control
group (A, B, C). DMSO was given to the cells as control. The cells were imaged
after 24 h and 48 h treatment. The cells were imaged at 0 h, 48 h and 96 h according
to treatment. (A 0 h DMSO-incubated PC3 cells, B 24 h DMSO-incubated PC3

cells, C 48 h DMSO-incubated PC3 cells, D 0 h SR-18292-incubated PC3 cells, E
24 h SR-18292-incubated LNCaP cells, F 48 h SR-18292-incubated PC3 cells)
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Figure 18. Scratch Assay Images of LNCaP cells.

SR-18292 exposure reduced cell motility of LNCaP cells (D, E F) compared to
DMSO-treated PC3 cells (A, B, C). DMSO was given to the cells as control. The
cells were imaged at 0 h, 48 h and 96 h according to treatment. (A 0 h DMSO-
incubated LNCaP cells, B 48 h DMSO-incubated LNCaP cells, C 96 h SR-18292-
incubated LNCaP cells, D 0 h SR-18292-incubated LNCaP cells, E 24 h SR-18292-
incubated LNCaP cells, F 48 h DMSO-incubated LNCaP cells)
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Figure 19: Graph represents wound area (%) of PC3 and LNCaP cells as a
result of 48 h and 96 h exposure to SR-18292 respectively.

Wound area (%) of control (DMSO treated) prostate cancer cells was lower
than SR-18292 treated PC3 anl LNCaP cells.

3.5.2 Migration-Invasion Assay

To study the effect of SR-18292 in migration and invasion ability of prostate cancer
cells, the cells were treated with SR-18292 and transferred in Boyden chambers
containing starvation medium in a 24-well plate. After 48 h incubation, migrated
cells were fixed and stained with DAPI. SR-18292 treatment didn’t cause a visible
effect on migrating cell number. DMSO was given to cells as a control. Fluorescent

images of SR-18292 treated and DMSO-treated cells were given in Figure 20.
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Figure 20. The effect of SR-18292 on migration of PC3 cells with the use of
Transwell Migration assay.

SR-18292 treatment didn’t cause a significant difference in migrationg PC3 cells in
Boyden chambers. SR-18292-treated (A) and DMSO-treated (B) PC3 cells were
migrated and stained with DAPI. The images taken from Fluorescent Microscopy
after DAPI staining.

3.6 AR Localized in both nucleus and cytoplasm of SR-18292 treated LNCaP

cells

Nuclear localization of AR is crucial for its activation and function as a trancription
factor. In order to investigate how SR-18292 change AR activity and localization, we
assesed the protein localization in Androgen-sensitive LNCaP cell lines. To define
the effect of SR-18292 on AR activity, immunofluorescence (IF) analysis was
applied by using AR antibody. Previously the cells were treated with SR-18292 and
DMSO as a control. In control group AR localization was observed only in the
nucleus. Compared to control group, AR localization was observed in both nucleus
and cytoplasm of SR-18292-treated LNCaP cells. Eventhough a high amount of AR
proteins were still in the nucleus, SR-18292 resulted in cytoplasmic localization of
AR which was not seemed in the control group (Figure 21). Overall, these findings
suggest that PGC-1a inhibiton by SR-1829 induced cytoplasmic AR localization and
might diminis AR trafficking to the nucleus.
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LNCaP-AR

Figure 21. SR-18292 effected AR localization in AR-sensitive LNCaP cells.
IF analysis showed nuclar localization of AR in control group (DMSO added LNCaP
cells). SR-18292 exposure resulted in cytoplasmic localization of AR as well as

nuclear localization.

3.7 Evaluating the Effect of SR-18292 in AR Protein Expression

One prominent mechanism of PCa is elevated level of Androgen Receptor (AR).
There are two types of prostate tumor in terms of AR dependency. Prostate tumor
might progress dependent to AR expression. To evaluate the effect of SR-18292 on
AR mediated-PCa progression, LNCaP cells as cell culture models for AR-dependent
PCa were utilized. Western blot analysis was performed by using anti-mice primary
antibody and secondary antibody which is linked with HRP. According to the result,
SR-18292 has no effect on AR expression level (Figure 22).
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Figure 22. AR protein level in LNCaP cells as a result of
SR-18292 treatment.

The bands at the left represents the control group of LNCaP
cells which were treated with DMSO. The bands at the right
belont to SR-18292 treated LNCaP cells. First row contains AR
protein whereas second row contains GAPDH as a
housekeeping gene.
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4. DISCUSSION

PCa as a second death leading cancer among men in worldwide, is a heterogenous
solid tumor that is affected by a variety of mechanisms and deregulations in the
organ. Over-activation of AR signaling, elevated expression of prostate specific
antigen (PSA), deregulation in the androgen hormone production/secretion and
abnormal regulation of paracrine signaling between epithelial cells and stromal cells
are some mechansims that drive PCa. There are commonly seen mutations in PTEN,
P53, AR genes and ERG-TMPRSS2 fusions. Treatment options are surgical excision
and radiaotherapy in localized tumor; hormone targeting therapy and chemotherapies
in metastatic advanced tumors. Eventhough the majority of PCa respond at the early
period of treatment, the tumor progresses to mMCRPC that is the resistant, more
aggresive and lethal form of PCa following to Androgen Deprivation Therapy
(ADT). Then, the cancer doesn’t respond any of the old therapies. This situation
creates a great need for developing novel therapeutic modalities. Developing more
targeted therapy through targeting metabolic rearrangments is one of the the latest
therapy option for treatment of PCa. The study aimed to targeting PGC-1a metabolic
regulator with an anti-diabetic molecule SR-18292 in both androgen-positive bone
metastasis and androgen-negative lymph node metastasis PCa cell lines including
LNCaP and PC3 respectively.

In the last decade, developing targeted therapies and combination therapies as novel
therapeutic options against prostate carcinogenesis have been a topic of great
interest. The development of new drugs needs more effort and time and, increase
cost. Drug repurposing is an alternative and cost effective way to develop
threapeutics against cancer. Researchers prefer to repurpose of old drugs to give
them a new role leading to overcome the disadvantegous of new drug discovery. For
cancer treatment, anti-diabetic drugs have been repurposed from the past. The
correlation between type Il diabetes mellitus (T2DM) and cancer is frequently
considered while developing novel treatment options for cancer. It is proven that
there is a strong relationship between T2DM and cancer since they share similar

metabolic deregulations such as elevated glucose metabolism, fatty acid oxidation,
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and reactive oxygen species level. Therefore, anti-cancer effect of anti-diabetic
agents have been attracted to many researchers. It was reported that some anti-
diabetic agents have a strong ability to suppress PCa growth and progression.
Metformin and glipizide are anti-diabetic drugs and have enormous potential in anti-
cancer therapy. Metformin has the ability of increasing AMPK level, and inducing
mTOR inactivation leading to prevention of tumor growth. Anti-cancer effect of
metformin and glipizide as anti-diabetic drugs on PCa was reported (Qi et al., 2016;
Zaidi et al., 2019). There are variety of metabolic modalities for PCa treatment.
Nevertheless, the role of a novel anti-diabetic small molecule inhibitor SR-18292 in
PCa has never been investigated until this study. In this study, we report the
significant result that SR-18292, a novel anti-diabetic agent for T2DM, diminished
PCa tumor growth through reducing 2D colony forming and 3D spheroid growth,
metastasis and EMT in Androgen-dependent and Androgen-independent PCa cell

models LNCaP and PC3 respectively.

According to our findings, this study is keen on reposition of anti-diabetic small
molecule inhibitor SR-18292 in PCa cell lines for the first time. We first aimed to
show anti-proliferative effect of SR-18292 on monolayer cell culture and determine
ICso concentration of SR-18292 for each cell line. ICso concentration was calculated
as 20,72 uM for PC3 cells and 23,31 uM for LNCaP cells. RWPE-cells as benign
prostate cells were used. 1Cso concentration was calculated for also RWPE-1 cells as
26,7 WM. The results mean that SR-18292 had the highest anti-proliferative effect for
PCa cells and the least cytotoxic effect for benign prostate epithelial cells in about 20
MM concentrations. PC3 cells which reflect more advanced PCa were the most
sensitive cells to SR-18292. Eventhough RWPE-1 cells were the least sensitive cell
lines as It should be, there is no big difference between PCa cells and RWPE-1 cells
in terms of drug efficcacy. Furthermore, RWPE-1 cells also contructed 3D cell
culture which shouldn’t be the feature of healthy cells in vivo. This might caused
from RWPE-1 cells are immortalized cell lines and they show similar characteristics

to cancer cells.

We then employed 3D cell culture experiments to represent higher preclinical

validation. There are many methods for 3D cell culture formation in the literature
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such as hanging drop gel-based methods. However they all have challenges in
quantification because of 3D shape of spheroids.3D cell culture experiments were
constructed with different ways and optimized by using low-attachment 96-well
plates with additional centrifugation procedure in order to increase the self-
aggregation of the cells. Quantification of 3D cell culture experiments was the most
troubleshooting part due to 3D shape of the spheroids. Two different reagents were
experimented to find out the best sensitive method. The first one is tetrazolium based
assay WST-8 reagent. The reagent wouldn’t penetrate effectively interior cells of 3D
spheroids whearas exterior cells were capable of taking the reagent inside easily. To
get the more accurate results, reagent must reach all the cells homogenously. The
disadvantagous of WST-8 was that it neeeds hardly pippetting step to spread 3D
spheroid and to get single cells. This step is necessary for distributon of drug
molecules homogenously through all cells. The second method was the use of ATP-
based chemiluminescence method. Since the reagent had cell lysis capacity itself,
there is no need to disaggregatate spheroids by rigorously pipetting step. The
pippetting step is time consuming and create lots of bubbles in the media which
directly effect reading capacity of spectrophotometer device. All in all, it can be sad
that ATP-based chemilumminescence technique was time consuming, more practical

and sensitive than WST-8 assay in viability of 3D spheroids.

In vitro studies involves 2D tumor colony formation assay. 2D colonies were
enumerated by using Image J tool after 21 (PC3) to 28 days (LNCaP) incubation
with SR-18292. The results demonstrated that SR-18292 restricted colony forming
ability in terms of size and number. LNCaP cells that reflect androgen positive
tumors were more sensitive to SR-18292 drug molecule than PC3 cells according to
2D and 3D cell culture experiments.

SR-18292 molecule was evaluated further in aspect of epithelial-mesenchymal
transition. SR-18292 significantly increased epithelial marker E-cadherin and
decreased mRNA expression levels of mesenchymal markers Slug, Snail and Twist.
Slug, Snail which are transcription factors. As an assumption, PGC-1 alpha might co-
activate the trancription of Slug, Snail and Twist. As a future perspective, potein-
protein interactions between PGC-1a alpha and Slug/Snail/Twist should be analysed
before and after SR-18292 exposure.
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There are rare studies related to SR-18292. This molecule has been discovered to be
an anti-diabetic drug in type Il diabetes (T2DM). SR-18292 is a small molecule
inhibitor of PGC-1a. co-activator targeting and suppressing the function of PGC-1a
with an action of getting it closer to a acetylation enzyme GCNS5 inducing increased
level of acetylation of PGC-1a leading to inactivation of PGC-1la function. Major
role of PGC-1a is to regulate mitochondrial metabolic activites of the cells by
elevating gluconeogenic gene expressions and glucose production mainly. It was
documented that targeting PGC-1a with SR-18292 gave rise to reduction of glucose
level and insulin sensitivity in isolated primary hepatocytes in diabetic mice (Sharabi
etal., 2017).

Little is known about the role of SR-18292 in cancer progression. Indeed, there is
only one study on investigation the anti-cancer effect of SR-18292. In that study,
researchers specifically figured out the effect of this metabolism-targeted molecule
on cancer stem-like cell subset in cholangiocarcinoma. The study aimed to
investigate the correlation between mitochondrial metabolism mediated by PGC-1a
and tumor initiating stem-like cells in cholangiocarcionma (Raggi et al., 2021).
Researchers enriched stem-like cells by formation of 3D cell culture of human
intrahepatic cholangiocarcinoma cells including HUCCT1 and CCLP1 cell lines.
They targeted mitochondrial metabolism of stem-like cells enriched spheroids by
SR-18292 and compared results of 3D spheroids with monolayer cell culture.
HUCCT1 and CCLP1 spheroids were treated with different concentrations of SR-
1892 (0, 12.5uM, 25 pM, 50 pM, 100 uM, 200 uM). Sphere viability less markedly
decrease 50 UM SR-18292 in both cells. Exposure to 200 uM SR-18292 had ability
to reduce sphere viability as a half. They showed that spheroids were more sensitive
to drug than monolayer cells since spheroids had more OXPHOS and mitocondrial
activities. In our study, I1Cso of SR-18292 was about 20 uM and 23 uM in PC3 and
LNCaP monolayer cells. The effect of SR-18292 on PC3 and LNCaP spheroids was
significantly observed after exposure to ICso of SR-18292 twice. Cell survival was
reduced 55% and 60% in PC3 and LNCaP spheroids which were treated with SR-
18292 twice in four days. Furthermore, Raggi et al also reported that SR-18292
significantly effected EMT markers such as E-cadherin, Vimentin, Slug and Snail of
HUCCT1 and CCLP1 spheroids. According to our results, exposure to SR-18292

71



ultimately reduced mRNA expression level of Vimentin, Slug, Snail and Twist and
elevated E-cadherin. To compare our results to the literature, PCa monolayer cells
and 3D cell culture were sensitive to SR-18292 molecule and SR-18292 might be a

potential drug molecule for PCa.

Targeting cancer metabolism through mitochondrial biogenesis has been attracted,
although much of the studies relied on targeting glycolysis. Mitochondira-associated
pathways such as oxidative phosphorylation and TCA cycle have fundemental roles
in prostate cancer (Xiao et al., 2010; Yu et al.,, 2011). A major mitochondrial
regulator PGC-1a is one of the directions toward developing targeted therapy against
PCa. PGC-1a has pro-cancer effects in many cancers such as breast cancer and
melanoma, through regulation of mitochondrial metabolism and homeostasis of
reactive oxygen species to increase survival and promote tumor growth (Klimcakova
et al., 2012; Liang & Ward, 2006; Ma et al., 2013; Torrens-Mas et al., 2017). On the
other hand, PGC-la has an anti-cancer effect that suppress tumor growth in

melanoma and epithelial ovarian cancer (Prieto et al., 2020; Zhang et al., 2007).

In prostate cancer, eventhough PGC-la is strongly suggested that it acts as an
oncogene, there are also studies related to its anti-cancer role. In 2016, it was
reported that PGC-lo. mediated metabolic activites accompanied cellular
transformation and cancer progression. The researchers performed bioinformatic
analysis, in vitro and in vivo studies by using mouse models. In silico analysis
showed that PGC-la downregulation was related to PCa progression. In vivo
experiments provided that PGC-1a deletion in mouse models promoted metastasis.
They found that PGC-1la co-activated Oestrogen-related receptor alpha (ERRa)
pathway that opposed metastasis capacity of PCa (Torrano et al., 2016). Furthermore,
the tumor suppresive role of PGC-la was investigated more in 2019. The
researchers supported the idea that PGC-1a was involved in reduction of PCa
migration and invasion through the activation of ERRa transcriptional program.
They demonstrated that PGC-1a and ERRa togetether was found to reduce MYC
expression. They are acting as tumor suppressors of PCa and attenuate tumor
aggressiveness (Valcarcel-Jimenez et al., 2019). These studies show how PGC-1a
suppresses PCa metastasis. However, our findings identify that chemical inhibiton of

PGC-1a resulted in downregulation of mesenchymal markers Vimentin, Slug, Snail
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and Twist. Also, transwell assay showed that PGC-1a has no effect on PCa migration

capacity.

On the other hand, Shiota at al demonstrated that PGC-1a has a pivotal role in PCa
cell proliferation PGC-1a was identified as a co-activator of AR transcription factor.
PGC-1a-AR interaction tiggers AR related gene expression that enhance cancer
progression. PGC-1a silencing repressed proliferation of AR-dependent PCa cells
(Shiota et al., 2010). Additionally, activated AMP Kkinase signaling pathway
stimulates PGC-1a related mitochondrial metabolic pathways to support cancer
growth further. Accordingly, AMPK-PGC-1a signaling cascade can be a potential
oncogenic pathway in PCa (Tennakoon et al., 2014a). In another study, the
relationship between p53 and PGC-lo was answered. P53 reduced PGC-la
expression and related mitochondrial pathways stimulating mitochondrial
dysfunction and apoptotic cell death in PCa cell lines (J. Li et al., 2020). Eventhough
there is discrepancy situation about the role of PGC-1a in PCa, a growing amount of
the studies presented that PGC-1a protein has an oncogenic function. Thus, this

protein can be a good target for PCa treatment.

We reported that, inactivation of PGC-la protein with SR-18292 has an anti-
tumorigenic effect in PCa. In vitro experiments using PC3, LNCaP and RWPE-1 cell
lines revealed that SR-18292 suppress PCa cell growth, decrease 2D colony number
and 3D spheroid growth. qPCR study showed that SR-18292 reduced epithelial-

mesenchymal-transition and migration-invasion capability of PCa cells.

To conclude, this study emphasized that anti-diabetic SR-18292 agent can be
repositioned to be used in PCa since it has a potential of being a novel drug molecule
as a targeted single therapy in PCa. SR-18292 should be more investigated to be able
to used as a single therapy or in a combination therapy with
chemotherapies/androgen deprivation therapies in order to prevent drug resistant

feature and tumor relapse.
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5. CONCLUSION AND FUTURE DIRECTION

To summarize, it was previously provided that PGC-1a has a dual function in distinct
cancer types. Notably, PCa is beneffiting from deregulated mitochondrial biogenesis
through PGC-1a that act as an oncogenic driver. An idea emerging from recent
literature is that since SR-18292 as an inhibitor of PGC-la reduces metabolic
pathways such as glucose production and fatty acid oxidation in T2DM, this inhibitor
might have an anti-proliferative function in PCa cells though acting on cancer cell
metabolism. This study allows us to figure out oncogenic role of PGC-1a in PCa.
Our findings identifies that inhibiton of PGC-1a results in anti-proliferative impact
on both AR-positive (LNCaP) and AR-negative (PC3) PCa cell lines.

It is now appreciated that SR-18292 antagonized PCa progression through reducing
the number of 2D tumor colonies, restricting 3D spheroid growth, decreasing the
expression of EMT markers including Slug, Snail and Twist. SR-18292 as an anti-
diabetic molecule is repurposed in this study. The emerging results from the study
shows that SR-18292 has a potential of being a candidate drug molecule in treatment
of PCa. The impact of SR-18292 should be investigated further by including the
impact of SR-18292 on PCa cell metabolism, cell death mechanism and the
interaction between PGC-1 with EMT markers to develop a targeted metabolic
modality against PCa. Also, this study might open new avenues in the identification
of metabolism-modulatory therapies against PCa.
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