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ABSTRACT

BEYOND CONVENTIONAL TREATMENTS: UNVEILING THE PROMISING
ROLE OF CHALCONE DERIVATIVES IN OVERCOMING
OVARIAN CANCER

idil Su Camitez
Master of Science in

Cellular and Molecular Medicine Master’s with Thesis Program

August 3, 2023

Epithelial ovarian cancer is an aggressive type of cancer in people with ovaries causing
significant mortality rates worldwide, and remains incurable especially in advanced
stages due to chemoresistance and drug-associated side effects. To address this issue,
identifying novel chemotherapeutic agents showing low side effects and enhanced anti-
cancer activity is crucial. In this thesis, a collection of chalcone analogues were examined
to evaluate their potential as anti-cancer agents against ovarian cancer cells. The specific
aim of this study was to identify and characterize novel agents that could overcome
chemoresistance and improve the efficacy of ovarian cancer treatment. To achieve this,
NCI-SRB assay was performed on four distinct cell lines, including both ovarian cancer
and non-tumorigenic cells, to investigate the potential cytotoxic activity of 16 novel
chalcone derivatives. Through the application of the NCI-SRB assay, chalcone
derivatives exhibiting promising efficacy against ovarian cancer cells were selected for
further analysis. To further characterize the underlying cell death mechanisms, various
experimental approaches including clonogenic assay, MUSE Annexin-V assay, Pl
staining, Caspase-3/7 assay, and western blot analysis were employed. It was revealed
that out of the 16 chalcone compounds tested, three exhibited promising activity against
ovarian cancer cells, having low ICso concentrations. After further investigating the
cellular pathways which these compounds targets, these derivatives were also found to
induce apoptotic cell death, cause DNA damage through phosphorylation of H2AX, and
cause a cell cycle arrest in ovarian cancer cells leading to SubG1 increase. Furthermore,
the anti-proliferative activities of selected chalcone compounds were confirmed both ex
vivo and in vitro using primary cell cultures isolated from tumor samples of ovarian
cancer patients, and chemoresistant ovarian cancer cells established in our lab, which
demonstrated a noticeable decrease in cell viability. Overall, this thesis highlights the
potential of the newly identified chalcone compounds as promising molecules in the
treatment of ovarian cancer. These promising results warrant further investigation and
development of these chalcones as therapeutic agents for ovarian cancer.



OZET

GELENEKSEL TEDAVILERIN OTESINDE: KALKON TUREVLERININ
YUMURTALIK KANSERI TEDAVISINDEKiI UMUT VEREN ROLUNUN
ARASTIRILMASI

Idil Su Canitez

Hiicresel ve Molekiiler Tip Tezli Yiiksek Lisans Programu,
Yuksek Lisans
Agustos 3, 2023

Epitelyal yumurtalik kanseri, kadinlarda yaygin bir kanser tiiri olup diinya genelinde
Oonemli 6liim oranlarina neden olmaktadir ve 6zellikle ileri evrelerde kemoresistans ve
ilagla iligkili yan etkiler nedeniyle tedavi edilemez durumdadir. Bu sorunu ¢6zmek igin,
daha az yan etkiye ve gelismis anti-kanser aktivitesine sahip yeni kemoterapo6tik ajanlarin
tanimlanmasi ¢ok 6nemlidir. Bu tezde, yumurtalik kanseri hiicrelerine kars1 anti-kanser
etki potansiyellerini degerlendirmek amaciyla yeni-sentez kalkon molekulleri
incelenmistir. Bu ¢alismanin asil amaci, kemorezistansa karsi koyabilen ve yumurtalik
kanseri tedavisinin etkinligini arttirabilen yeni ajanlarin belirlenmesi, karakterizasyonu
ve bu ajanlarin etki mekanizmalarinin aydinlatilmasidir. Bu amacla, 16 yeni kalkon
tiirevinin potansiyel sitotoksik aktivitesini arastirmak i¢in hem yumurtalik kanseri hem
de tlimorijenik olmayan hiicreler dahil olmak tizere dort farkli hiicre hatti iizerinde NCI-
SRB testi yapildi. NCI-SRB testinin uygulanmasiyla, yumurtalik kanseri hiicrelerine
kars1 etkili oldugu belirlenen kalkon molekiilleri ileri analiz igin secildi. Altta yatan hiicre
6lim mekanizmalarini aydinlatmak amaciyla klonojenik yontem, PI boyama, MUSE
Annexin-V boyama, Caspase-3/7 tahlili ve western blot analizi dahil olmak lzere ¢esitli
deneysel yontemler kullanildi. Test edilen 16 kalkon molekiiliinden ii¢linlin yumurtalik
kanseri hicrelerine kars1 diisiik 1Cso degerleri ile giiglii sitotoksik aktivite gosterdigi
ortaya ¢ikmustir. Bu molekdllerin etki sekli daha fazla arastirildiktan sonra, molekillerin
apoptotik hiicre 6liimiine neden oldugu, H2AX fosforilasyonu yoluyla DNA hasarina
neden oldugu ve yumurtalik kanseri hiicrelerinde SubG1 artisina neden olarak hiicre
dongusund etkiledikleri bulundu. Ayrica, se¢ilen kalkon molekiillerinin anti-proliferatif
aktiviteleri, yiiksek dereceli ser6z yumurtalik kanseri hastalarinin tiimor dokusundan elde
edilen ex vivo primer hiicre kilttrleri ile birlikte labimizda olusturulmus kemorezistans
gOsteren in vitro yumurtalik kanseri modellerinde dogrulanmis ve molekiiller hiicre
canliliginda belirgin bir azalmaya neden olmustur. Sonug¢ olarak, bu tez, yeni-sentez
kalkon molekiillerinin yumurtalik kanseri tedavisinde umut vaat eden kemoterapotik
ajanlar olarak potansiyelini vurgulamaktadir. Bu umut verici sonuglar, yamurtalik kanseri
icin potansiyel terapotik ajanlar olarak kalkon molekiillerinin daha fazla arastirilmasini
ve gelistirilmesini gerektirmektedir.
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Chapter 1: Introduction 1

Chapter 1:
INTRODUCTION

1.1  Epithelial Ovarian Cancer

Ovarian cancer (OC) is an important global health concern, representing a significant
contributor to cancer-related death and ranking as the eighth most prevalent cancer
diagnosed in women (Sung et al., 2021; Folsom et al., 2023). In 2020, 313,959 new cases
were detected and 207,252 cases who were diagnosed with OC died due to the disease,
contributing 3.4% of the total number of cases and 4.7% of the total deaths related to
cancer (Sung et al., 2021). These high death rates end up OC as the third most prevalent
gynecological cancer type, following cervical and endometrial cancers. Epithelial ovarian
cancer (EOC), besides, is known as the most common type of ovarian cancer,
corresponding to almost all ovarian malignancies with 90% prevalence percentage.
(Huang et al., 2022). It is an aggressive malignancy with only a few effective treatment
options and is considered incurable due to its heterogeneous nature on the molecular level
and mostly its diagnosis at a very late stage, showing metastatic properties in the abdomen
(Yeung et al., 2015). Its current therapy involves cytoreductive surgery followed by
platinum-based chemotherapy (Jayson et al., 2014). While only 20% of the patients are
diagnosed at the early stage, which is a non-metastatic stage still only restricted to ovaries,
up to 90% of these patients are considered curable with currently available treatments.
Advanced EOC with metastases, in contrast, shows a lower survival rate due to its

aggressive behavior and late diagnosis (Bast et al., 2009).

Several classifications have been made based on the different histological and
molecular characteristics of EOCs but the most commonly used system in the clinic
classifies EOCs into four main histotypes: (1) serous (consisting both high-grade and low-
grade carcinomas), (2) clear cell, (3) endometrioid, and (4) mucinous (Figure 1.1)
(Committee on the State of the Science in Ovarian Cancer Research, 2016). These
subtypes are categorized differently based on their origin, alterations, and potential for
targeted therapeutics (Figure 1.1) (Figure 1.2). According to each subtype and their risk
of recurrence, different systematic therapies are determined (Matulonis et al., 2016).

Although treatment strategies applied might vary according to each subtype, the primary
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treatment for epithelial ovarian cancer is the surgical removal of tumor as much as
possible followed by platinum and taxane-based chemotherapy (Bast et al., 2009). Among
the main histological subtypes of EOC, most patients (~ 70% of the patients) have high-

grade serous carcinoma as the prevalent histological subtype.
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Figure 1.1: The histological subtypes of epithelial ovarian cancer and their potential
cellular origins (created with BioRender.com). Note. Photographs of pathology slides
reprinted  from “[Ovary-Epithelial ~ Carcinoma]”, by BC Cancer, 2023,
(http://www.bccancer.bc.ca/health-professionals/clinical-resources/cancer-management-

manual/gynecology/ovary-epithelial-carcinoma). Copyright 2023 by BC Cancer.

1.1.1 High-Grade Serous Ovarian Cancer

High-grade serous ovarian carcinoma (HGSOC) emerges as the predominant
subtype of EOC, characterized by its aggressive behavior and limited treatment options,
resulting in poor patient outcomes (Bowtell et al., 2015; Kurman & Shih, 2016). HGSOC
is believed to be derived from either the epithelium of fallopian tube or ovarian surface

(Zhang et al., 2019). Despite the current standard treatments, a considerable proportion



Chapter 1: Introduction 3

of HGSOC patients inevitably develop chemoresistance, leading to a high mortality rate
and an urgent need for improved treatment strategies, and therapeutic interventions.
(Jayson et al., 2014; Vaughan et al., 2011).

Epithelial ovarian cancer

High-grade serous Low-grade serous Endometrioid Clear cell Mucinous
TP53 BRAF ARID1A ARID1A KRAS
BRCA1/2 KRAS PI3KCA PI3KCA ERBB2 ampl
NF1 NRAS PTEN PTEN

CDK12 ERBB2 PPP2R1A CTNNB1

Homologous PP2R1A

Recombination MMR deficiency

Repair genes

Pathway alterations

P13/Ras/Notch/

FoxM1

Figure 1.2: Mutation characteristics of epithelial ovarian cancer. Note. Reprinted from
“Ovarian cancer”, by Jayson, G. C., Kohn, E. C., Kitchener, H. C., & Ledermann, J. A.,
2014, Lancet, 384(9951), 1376-1388.

HGSOC is mostly characterized by abnormal p53 profiles, which is known as a
tumor suppressor gene referred as “the guardian of the genome” (Figure 1.2) (Saleh &
Perets, 2021). TP53 gene is frequently mutated in HGSOC patients, with up to 96% of
cases, and has a crucial part in tumorigenesis (Cancer Genome Atlas Research Network,
2011). Commonly, mutations in the TP53 gene also activate mutations in different
pathways such as the retinoblastoma (Rb) pathway, and cause their deregulation. The
PI3K/Ras pathways, on the other hand, are the key altered pathways identified in
HGSOC, including RAS/ERK and PI3K/AKT signaling (Nakamura et al., 2017).
Additionally, approximately 25% of HGSOC patients harbor germline mutations in
BRCA genes, leading to disrupted DNA repair mechanisms and increased susceptibility
to ovarian cancer (Alsop et al., 2012; Pennington et al., 2014). Normally, the BRCA genes
play an important role in double-stranded DNA damage repair through homologous

recombination (Jayson et al., 2014). The mutations in these genes disrupt critical cellular
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processes involved in cell proliferation, survival, and metastasis, such as cell cycle

regulation and DNA repair, leading to genomic instability and tumor evolution.

Up to 75% of the patients with advanced-stage HGSOC show recurrence. While
treatment, selection of the most appropriate treatment and apply this therapy at the most
appropriate phase remains as a challenge (Luyckx, et al., 2022). Patients with advanced
HGSOC with distance metastasis do not usually respond to standard therapy. Therefore,
there is a desperate need for novel treatment options. Recently, in addition to the use of
standard platinum and taxane-based chemotherapy drugs including carboplatin and
paclitaxel, Poly (ADP-ribose) polymerase inhibitors, referred as PARP inhibitors, have
been discovered as promising drugs in the treatment of ovarian cancer, particularly in
tumors harboring defects in homologous recombination (HR) repair pathways, such as
tumors with BRCA1/2 mutations (Liu et al., 2014). PARP inhibitors exploit synthetic
lethality, selectively targeting cancer cells with defective HR repair mechanisms and
leading to their cytotoxicity (Lord & Ashworth, 2017; Pujade-Lauraine et al., 2017).
Clinical trials have shown the efficacy of PARP inhibitors, including olaparib and
niraparib in improving overall survival in HR-deficient HGSOC patients. However, the
development of acquired resistance to PARP inhibitors also represents a significant
challenge in the treatment of ovarian cancer, limiting their long-term effects (Mirza et al.,
2016).

To solve the issue of chemoresistance and develop novel therapeutic strategies, it
Is important to investigate the molecular mechanisms taking part in resistance
development. By unraveling the complex interplay between DNA repair dysregulation,
genomic instability, and acquired resistance, new therapeutic targets can be identified and
used to overcome resistance and improve patient outcomes in ovarian cancer. Therefore,
by aiming to reverse the resistance, discovering new treatment strategies is of great

importance to characterize new drugs which might be used in HGSOC therapy.

1.2 Small Molecule Inhibitors

Tumor resection surgery combined with chemotherapy, hormonal therapy, and/or

radiotherapy has long been the main treatment strategy (conventional therapy) for cancer
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(Debela et al., 2021). Chemotherapy, specifically, is the most commonly-used cancer
treatment, which aims to kill cancer cells or to reduce their proliferation rate by chemical
drugs. Although It is the most frequently applied treatment strategy, the search for more
effective treatments has continued due to its ineffectiveness to distinguish between tumor
cells and normal cells in the body, thus causing many different side effects and
cytotoxicity (Zhong et al., 2021). Accordingly, with the discovery of different molecular
drivers and oncoproteins for each cancer type in recent years, the development and
characterization of small molecule inhibitors that specifically target the cancer-promoting

mechanisms in which these proteins are involved have gained great importance (Sun et

al., 2021).
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Figure 1.3: Timeline for the discovery of small molecule inhibitors targeting cancer cells.
Note. Reprinted from “Small molecule inhibitors targeting the cancers”, by Liu, G. H.,
Chen, T., Zhang, X., Ma, X. L., & Shi, H. S., 2022, MedComm, 3(4), e181.
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As part of "targeted cancer therapy", the discovery of novel small molecules that are more
effective and less cytotoxic, targeting only cancer cells without harming normal cells, is
increasing day by day (Figure 1.3) (Liu et al., 2022). Small molecule inhibitors target
and stick to the pocket on the surface of target proteins, leading to their inhibitory effect
on downstream protein-protein interactions in cell signaling pathways involved in cancer
progression, including gene expression regulation, signal transduction, DNA repair, and
cell growth (Wu et al., 2023). Therefore, the discovery of novel molecular targets of
cancer and the subsequent development of novel targeted molecules for these targets are

promising for new treatment strategies for patients with cancer.

1.3 Chalcones

Chalcones are precursors of flavonoids which are basic chemical structures found
in many natural compounds, especially in plants such as fruits, vegetables, and tea
(Rozmer & Perjési, 2014). They are types of ketones with two aromatic rings which are
linked by a three-carbon a,B-unsaturated carbonyl system (Figure 1.4) (Rudrapal et al.,
2021; Ouyang et al., 2021).

O C
(E)-Chalcone (Z)-Chalcone

Figure 1.4: The main structures of chalcones. (E)-chalcone representing trans- isomers

while (Z)-chalcone as cis- isomer. Note. Retrieved from “Chalcone derivatives: role in

anticancer therapy”, by Ouyang, Y., Li, J., Chen, X., Fu, X., Sun, S., & Wu, Q., 2021,
Biomolecules, 11(6), 894.

As a pioneer in the discovery of the therapeutic effects and medicinal uses of
chalcones, in the early 1970s, It was reported that a chalcone has been isolated as a novel

compound from Pityrogramma triangularis, following the isolation of isoliquiritigenin
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and isoliquiritin, also types of chalcones, from Glycyrrhiza glabra which is an already
proven medicinal plant used against various human disorders (Fenwick et al., 1990;
Rudrapal et al., 2021).

The successful medical use of natural chalcones has paved the way for the
development of novel synthetic chalcones with enhanced biological properties. Thus,
currently, besides being naturally occurring, chalcones can be also synthetically
synthesized (Karthikeyan et al., 2015). Recently, chalcones have received great attention
due to the manipulation of their main structure easily, the ease of their synthesis, as well
as their wide range of biological properties (Maciejewska et al., 2022). Although the
biological activities they show are very diverse, the most prominent ones are anti-
bacterial, anti-viral, anti-diabetic, anti-fungal, anti-inflammatory, antioxidant, and most

importantly anticancer (Figure 1.5) (Jandial et al., 2014).

Anti-cancer

Anti-oxidant Anti-inflammatory
Apoptosis Bioactivities
Cell cycle arrest
NF-kB mjp- Anti-diabetic Anti-bacterial
Tubulin polymerization
MDR inhibition

) Biomolecular Interactions Anti-microbial Anti-fungal
N ’. ' Anti-allergic

Chalcones

Figure 1.5: Chalcones possess a wide range of biological activities through multiple

biomolecular mechanisms. (created with BioRender.com) (Jandial et al., 2014).

Chalcones can act on various drug targets and key molecular interactions that may
normally play roles in important cellular processes such as multi-drug resistance (MDR)
mechanism, angiogenesis, and apoptosis (Figure 1.5) (Jandial et al., 2014). In Figure 1.6,
the chemical structures and activities of several chalcones which have been already

approved and clinically used are shown.
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Figure 1.6: Chemical structures of clinically used chalcones. Note. Retrieved from
“Novel chalcone-derived pyrazoles as potential therapeutic agents for the treatment of
non-small cell lung cancer”, by Maciejewska, N., Olszewski, M., Jurasz, J., Serocki, M.,
Dzierzynska, M., Cekala, K., Wieczerzak, E., & Baginski, M., 2022, Scientific
reports, 12(1), 3703.
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1.3.1 Anticancer Activity of Chalcones

Chalcones demonstrate a broad range of biological and pharmacological activities

and potential in vitro and in vivo activity against cancer through different cellular

mechanisms including apoptosis induction, angiogenesis inhibition, cell cycle arrest,

tubulin polymerization inhibition, and MDR inhibition (Figure 1.7) (Maciejewska et al.,

2022).

Overcome MDR
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Figure 1.7: The molecular targets of chalcones for their anti-cancer effects. Note.

Reprinted from “Chalcone derivatives: role in anticancer therapy”, by Ouyang, Y., Li, J.,
Chen, X., Fu, X., Sun, S., & Wu, Q., 2021, Biomolecules, 11(6), 894.
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As an example of natural chalcones, Xanthohumol, which is found in the Humulus
lupulus plant, is demonstrated as a wide-range cancer chemo-preventive agent (Figure
1.6) (Harish et al., 2021). Isoliquiritigenin (ISL), having a chalcone structure, was also
shown to have anti-cancer properties against multiple cancers, including ovarian cancer,
breast cancer, gastrointestinal cancer, and lung cancer by suppressing cancer cell
proliferation, inducing apoptosis, reducing metastasis, and lastly enhancing the sensitivity
of cancer cells to chemotherapy (Wang et al., 2021). In a recent study, It was revealed
that in vitro ISL treatment reduced the cell growth in ovarian carcinoma through the
induction of apoptosis, which resulted in the inhibition of ovarian cancer metastasis by
inducing epithelial to mesenchymal transition (Chen et al., 2019; Wang et al., 2021). At
the same time, Nardoaristolone A, a naturally occurring chalcone extracted from
Nardostachys chinensis, has been shown to be an effective compound in the use of

medical applications for various skin and endometrium cancers (Matos et al., 2015).

Since the natural chalcones demonstrate a variety of anticancer activities and the
modification of their structure is easy, their core structure has been significantly modified
to change and enhance the anticancer activities of these molecules (Abdollahi et al.,
2012). Their biological activities and the molecular targets to which they bind change
after the addition of various functional groups such as halogens, carboxyls, aryls,
hydroxyls, etc., which gains chalcones more improved pharmacological or biological
actions (Gomes et al., 2017). These minor modifications mentioned above or even more
complex ones that are arisen from the hybridization of chalcones with already approved
anticancer molecules (resulting in chalcone hybrids) have promising effects in
overcoming drug resistance and improving therapeutic strategies in cancer (Gao et al.,
2020). Thus, either natural or synthetic, chalcones are important compounds to develop

novel synthetic chalcone derivatives with enhanced anticancer properties.

In the literature, anticancer effects of a wide range of synthetic chalcones have
been reported. In a recent study, It was shown that a novel methoxyphenyl chalcone
derivative reduced the cell growth of ovarian cancer cells by apoptosis induction when
introduced either as monotherapy or in combination with cisplatin, resulting in a
synergistic effect (Su et al., 2017). In the same study, It was also cited that chalcone

compound had a modulatory effect on the G2/M phase of the cell cycle (Su et al., 2017).
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In another study, through the induction of SubG1 arrest and the inhibition of Akt
phosphorylation, novel synthetic chalcones led to cell death in hepatocellular carcinoma
(HCC), a type of liver cancer (Sahin et al., 2020). These chalcones have caused both p21
activation and NF«B inhibition whose downstream pathways play important roles in the
cell cycle arrest and apoptosis induction (Sahin et al., 2020; Abbas & Dutta, 2009;
Naugler & Karin, 2008). Moreover, another novel chalcone derivative was shown to have
a high cytotoxic activity against MCF-7 cell line, type of breast cancer cells, and a
promising activity for its tubulin polymerization inhibition (Wang et al., 2020). In a
different study, It was shown that two novel chalcone derivatives induced cell death in
glioblastoma cell lines, which are a type of brain cancer cells, by either the induction of
apoptosis through the activation of effector caspase, caspase-3, and the initiator caspases,
caspase-8 and caspase 9 or through the increase in reactive oxygen species levels
respectively (Champelovier et al., 2013). Besides, many scientists have demonstrated the
effects of chalcones on the activation of the pro-apoptotic protein Bax, whose activation
resulted in mitochondria-mediated apoptosis induction (Hsu et al., 2009; Yun et al.,
2006). Moreover, a novel coumarin-chalcone hybrid was also reported to induce DNA
damage and activate p53, which is an important tumor suppressor protein, through its
phosphorylation (Singh et al., 2014; Ashraf et al., 2017; Mufoz-Fontela et al., 2016). In
the same study, the anticancer activity of novel chalcone hybrids was also shown in vivo
in tumor xenografts of NOD/SCID mice (Singh et al., 2014). Therefore, there are various
studies demonstrating the anticancer and therapeutic effects of chalcones in several

cancer types through different biological mechanisms.

1.4 Aim of The Study

In light of the anticancer activities of chalcones in the literature, the aim of this
study was to initially investigate the anticancer effects of a library of novel chalcone
derivatives on human ovarian cancer cells, where the biological activities of compounds
that demonstrated promising therapeutic effects against ovarian cancer cells were further

investigated.
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Chapter 2:
MATERIALS AND METHODS

2.1 Materials

2.1.1 Equipment and Materials

Equipments and materials used in this thesis are demonstrated below.

Table 2.1: Equipment and materials used in this project.

Equipment Supplier Company
Pipettes Eppendorf Reference, Research
Pipette Tips Sarstedt
Sterile Disposable Serological Pipettes Sarstedt
Microfuge Tubes Eppendorf Safe-Lock Microcentrifuge Tubes
TC-Treated Cell Culture Plates for Adherent Cells Sarstedt
TC-Treated Cell Culture Dishes for Adherent Cells Sarstedt
Cell strainers Sarstedt
Forceps Electron Microscopy Sciences (EMS)
Scalpel Handle Electron Microscopy Sciences (EMS)
Analytical Balance Shimadzu ATX224
Microscope Slides Thermo Fischer
Confocal Microscope Leica DMi8 /TCS SP8-DLS
Waterbath (Thermostat) Memmert
Centrifuge Themo Scientific
Inverted Microscope Nicon Eclipse TS100
Biosafety Cabinet LABCONCO Clgsasblilr;e'[;/pe A2 Biosafety
CO> Incubator New Brunswick Galaxy 170 S
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Magnetic stirrer with heating

WiseStir MSH-20A

Vortex

Stuart SA8

Heating Block

Denville Scientific Inc. D1100

pH Meter

Mettler Toledo

Microplate Reader

Synergy H1 Plate Reader

Scanner

HP Scanjet G4050

Flow Cytometry

Beckman Coulter CytoFLEX Flow Cytometer

Cell Analyzer

Guava® Muse® Cell Analyzer

Transfer System

Trans-Blot® Turbo™ Transfer System

Electrophoresis System

Mini-PROTEAN Vertical Electrophoresis
System

Imaging System

Licor Odyssey® Fc Imaging System

2.1.2 Commercial Kits

Kits used in this project are demonstrated in Table 2.2.

Table 2.2: Commercial kits used in this thesis.

Kits

Supplier Company/Catalog Number

Muse® Annexin V & Dead Cell Assay Kit

Millipore, #MCH100105

Muse® Caspase-3/7 Assay Kit

Millipore, #MCH100108

Pierce™ BCA Protein Assay Kit

Thermo Fischer, #23225

2.1.3 Chemicals and Media Components

Chemicals and media components used are shown in Table 2.3.
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Table 2.3: Chemicals and media used in the study.

Chemical/Solution

Supplier Company/Catalog Number

FGF

Sigma, #F0291

EGF Human

Sigma, #SRP3027

Hydracortisone

Sigma, #H0888

Insulin from Bovine Pancreas

Sigma, #11882

Dimethyl Sulfoxide (DMSO)

Sigma, #D8418

1X Dulbecco’s Phosphate Buffer Saline (DPBS)

w/o Calcium, w/o Magnesium

Biowest, #L.0615

1X Hanks’ Balanced Salts Solution (HBSS)

w/o Calcium, w/o Magnesium

Biowest, L0605

RPMI 1640

Capricorn, #RPMI-A

Dulbecco’s Mod. Of Eagle Medium/Ham’s F12
50/50 Mix (DMEM:F12)

Multicell, #319-075-CL

Fetal Bovine Serum (FBS)

Biowest, S1600H

Penicillin-Streptomycin Solution 100X (P/S)

Biowest, #0022

Amphotericin B

Gibco, #15290018

0.05% Trypsin-EDTA Solution

Multicell

Collagenase/Dispase, 100 mg

Roche, 10269638001

Sulforhodamine B Sodium Salt

Sigma, S1402

Trichlorocetic acid (TCA)

Sigma, T4885

Acetic Acid (Glacial)

Isolab, 901.013.2500

Tris

Biorad, 161-0719

Carboplatin (Clinical Grade)

Kocak Farma, 8680150010030
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Cisplatin (Clinical Grade)

Kocsel llac, 8699715772092

Crystal Violet

Pro Lab Diagnostics

Methanol Isolab, 947.046.2500
Ethanol Isolab, 920.026.2500
Propidium iodide (PI) Sigma, P4864
TritonX-100 Sigma, X100
RNAse A Thermo Fischer, 1209021

Paraformaldehyde

Sigma, #158127

Tween-20

Sigma, #P1379

Superblock

ScyTek Laboratories

Mounting Medium with DAPI

Abcam, #ab104139

RIPA Lysis Buffer

Ecotech ClearBand, RIPA-100

PhosSTOP

Roche, #4906837001

Protease Inhibitor Cocktail

Roche, #05892791001

4x Laemmli Sample Buffer

Biorad, #1610747

2-Mercaptoethanol

Biorad, #1610710

4-15% Protein Gels

Mini-PROTEAN® TGXT™ Precast Protein Gels

10x Tris/Glycine/SDS Buffer

Biorad, #161077EDU

Blotting-Grade Blocker (Nonfat Dry Milk)

Biorad, #1706404

Bovine Serum Albumin

Sigma, #A2153

Sodium Azide

Sigma, #71289

Ponceau S

Ecotech ClearBand, #PS05

Pierce™ ECL Western Blotting Substrate

Thermo Fisher, #32106




Chapter 2: Materials & Methods 16

Sodium Chloride (NaCl) Isolab, #969.036
Sodium Hydroxide (NaOH) Isolab, #969.112
Sodium Phosphate Monobasic Sigma, #S0751
Sodium Phosphate Dibasic Sigma, #79510

2.1.4 Buffers and Solutions

Prepared buffers and solutions are given in Table 2.4 below.

Table 2.4: Buffer and solutions prepared in the study.

50%TCA Solution

Trichloroacetic Acid

ddH,O

Diluted from 100% TCA solution to 50% TCA in ice-cold dH-O.

1% Acetic Acid Solution

Acetic Acid
ddH,0

1% (v/v) acetic acid in ddH,O.

SRB Solution

Sulforhodamine B Sodium
Salt (SRB)

Acetic Acid

0.4% (w/v) SRB stain in 1% Acetic acid solution.

10 mM Tris base solution
(pH:10.5)

Tris Base

ddH:0

0.3 g Tris base in 500 mL ddHO.

Propidium lodide (PI)
Solution

Propidium lodide, Triton100-
X, RNaseA ,1x DPBS

Dissolved 50 pg P1/ml, 0.1 mg/ml RNase A, and0.05% Triton100-X
in ice-cold 1x DPBS.
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1 N NaOH Preparation

Sodium Hydroxide (NaOH)

ddH-0

1 ml NaOH + 9 ml ddH,0

0.2 M Phosphate Buffer
(pH:7.4)

Sodium Phosphate Monobasic
Sodium Phosphate Dibasic

ddH,0

Dissolved 4.15 g sodium phosphate monobasic and 22.5 g sodium
phosphate dibasic in 1 L ddH0.

4% Paraformaldehyde
Solution (pH:7.4)

Paraformaldehyde
0.2 M Phosphate Buffer
1 N NaOH

ddH,O

Dissolved 40 g paraformaldehyde in 400 ml ddHO.

Solution heated till 58-60°C and 1 N NaOH was added until a clear

appearance obtained.

Added 500 ml 0.2 M phosphate buffer into the solution.

Permeabilization Solution

(IF)

TritonX-100

ddH-0

0.1% TritonX-100 in 100 ml ddH,0O

Wash Solution (IF)

Tween-20

ddH:0

0.1% Tween-20 in 100 ml ddH.0

RIPA Lysis Solution

RIPA Buffer

Protease Inhibitor Cocktail
(100X)

PhosSTOP (20X)

1X Protease Inhibitor Cocktail and 1X PhosSTOP in 100 ul RIPA
Buffer

1x Running Buffer

10x Tris/Glycine/SDS (TGS)

ddH:0

100 ml 10x TGS + 900 ml ddHO
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10x TBS (pH:7.6-7.8)

Tris Base

NaCl

ddH:0

24 g Tris base + 88 g NaCl + 1 L ddH,0O

Ix TBS-T

10x TBS
Tween-20

ddH-0

1 ml Tween-20 + 100 ml 10x TBS + 900 ml ddH,0O

Transfer Buffer

10x TBS

Methanol

ddH,O

100 ml 10x TGS + 200 ml Methanol + 700 ml ddH,O

Blocking Buffer

Blotting Grade Blocker

Ix TBS-T

5 g Blotting Grade Blocker + 100 ml 1x TBS-T

10% Sodium Azide Solution

Sodium Azide (NaNs)

ddH:0

5 g NaN3 +50 ml ddH,0

Primary Antibody Solution
for Western Blot

Bovine Serum Albumin (BSA)
Sodium Azide (NaNs3)

TBS-T

3% BSA + 0.02% NaNsin TBS-T
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2.1.5 Antibodies

Antibodies used for western blot and immunofluorescence protocols in this

study are listed in Table 2.5 below.

Table 2.5: Antibodies used in immunofluorescence and western blot in the study.

Primary Antibodies Company/Catalog Number Dilution
Procaspase 3 Mouse mAb Santa Cruz, #sc7272 1:1000
Cleaved Caspase-3 Rabbit - )
mAb (D175) (5A1E) Cell Signaling, #9664S 1:50
Akt Rabbit Ab Cell Signaling, #9272S 1:1000
P-Akt (S473) Rabbit Ab Cell Signaling, #9271L 1:500
PARP (46D11) Rabbit mAb Cell Signaling, #9532S 1:1000
p53 (DO-7) Mouse mADb Cell Signaling, #48818S 1:1000
P-p53 (S15) (16G8) Mouse Cell Signaling, #9286P 1:500
mADb
H2A.X Rabbit Ab Cell Signaling, #2595 1:1000
Phospho-Histone-H2A. X
(Ser139) (D7T2V) Mouse Cell Signaling, #80312S 1:500
mAb
Bax Rabbit Ab Cell Signaling, #2772S 1:1000
Cyclin D1 Cell Signaling 1:1000
E-cadherin Mouse mAb Cell Signaling, #14472S 1:1000
Vinculin Mouse Ab Abcam 1:1000
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GAPDH Mouse Ab Abcam, #ab8245 1:1000
Secondary Antibodies Company/Catalog Number Dilution

Goat Anti-Mouse 19G H&L Ab #ab9723 1:2500

(HRP) cam, #a :

Goat Anti-Rabbit 1IgG H&L Ab 4ab6721 1:2500

(HRP) cam, #a :

Goat anti-Mouse 1gG (H+L)

Cross-Adsorbed

ReadyProbes™ antibody Invitrogen, #R37121 1:10

conjugated to Alexa Fluor™

594

2.2 Methods

2.2.1 Cell Culture

Human ovarian cancer cell lines OVCAR-3, OVSAHO, and KURAMOCHI were
kind gifts from Professor Ingrid Hedenfalk (Lund University, Sweden) while human
normal breast cell line MCF-12A was a kind gift from Rengul Cetin Atalay and Deniz
Cansen Yildirnrm (ODTU CanSyL, Turkey). All ovarian cancer cell lines were cultured in
RPMI-1640 (Capricorn, #RPMI-A) supplemented with 10% heat-inactivated fetal bovine
serum (Biowest, #5160H) and 1% Penicillin/Streptomycin (Biowest, #.0022). MCF-12A
cell line was cultured in DMEM:F12 (Multicell, #319-075-CL) supplemented with 10%
heat-inactivated fetal bovine serum, 1% Penicillin/Streptomycin, 10ng/ml EGF (Sigma,
#SRP3027), 500ng/ml Hydrocortisone (Sigma, #H0888), and 10ug/ml insulin (Sigma,
#11882). The cells were grown and maintained in a 37°C humidified incubator with 5%

CO:z2 and routinely screened for Mycoplasma contamination.

2.2.2 lIsolation of Ovarian Cancer Cells from Human Solid Tumor Specimens

Solid tumor samples of high-grade serous ovarian cancer were collected during
surgeries at Koc University Hospital from areas macroscopically identified as ovarian

cancer by pathologists (Tumors were collected by Prof. Dr. Cagatay Taskiran, Dr. Dogan
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Vatansever, and Dr. Burak Giray). Tumor samples were placed in a sterile container filled
with ice-cold 1x DPBS or 1x Hanks’ Balanced Salts Solution (HBSS). Working in a
sterile biosafety hood, the samples were taken into a glass petri dish (200 mm x 100 mm)
containing 15 ml of fresh 1x DPBS and using sterile forceps and scalpels, cut into small
tumor pieces (2 mm x 2 mm or less). The minced tissue was taken into a 15 ml tube
containing 5 ml Collagenase/Dispase (Roche, #10269638001) (3 mg/ml; 2.4U/ml
dispase, 0.3 U/ml collagenase) in 1x DPBS and agitated at 37° C for 1 hour. As a next
step, the cell sample was taken onto a cell strainer placed on a 50 ml falcon tube.
Approximately 15 ml of 1x DPBS was added onto the mesh to dilute enzyme solution.
The cell suspension was collected in the 50 ml sterile falcon tube. The sample was then
centrifuged at 400 g for 5 minutes. The supernatant was discarded and the cell pellet was
resuspended in 10 ml DMEM:F12 supplemented with 20% FBS, % 1P/S, and 0.1% Amp
B. The cell suspension was cultured into a 100 mm x 100 mm petri dish in a 37° C
incubator with %5 CO2. The spent medium was changed after five days at the earliest
from the initial plating. The medium continued to be changed for the following two weeks

when necessary and the isolated cells were used for downstream experiments.

2.2.3 Sulforhodamine B (SRB) Cytotoxicity Assay

Sulforhodamine B (SRB) colorimetric assay was used throughout this study in
order to investigate the anti-proliferative and cytotoxic effects of novel chalcone
compounds on three human ovarian cancer cell lines: OVCAR-3, OVSAHO, and
KURAMOCHI, and a non-cancerous human breast cell line: MCF-12A and to determine
their effective concentrations Besides, cytotoxic effects of the compounds were also
investigated against primary cells isolated from solid tumors obtained from a HGSOC
patient and carboplatin/olaparib-resistant OVCAR-3 and OVSAHO cell lines established
in our lab. Carboplatin and cisplatin were used as reference drugs. Briefly, all cell lines
were seeded into 96-well plates at 5000 cells/well in 100 ul of their corresponding growth
medium and distributed evenly. After 24 hours of incubation, the cells were treated with
increasing five concentrations of compounds (0-40 uM) by % serial dilution. To do that,
the medium was discarded and 150 ul of fresh growth medium containing corresponding
compounds or agents (at the concentrations of 40, 20, 10, 5, 2.5 uM) was applied to the

wells. Following drug treatment, the plates were incubated in a 5% CO: incubator for 48
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hours or 72 hours (Initial screenings were performed for 72 hours). After respective
incubation times, 37.5 ul of %50 TCA solution (Final percentage was 10%) was added
to each well and incubated at +4 °C, dark for 1 hour in order to fix the cells. To remove
TCA solution, the cells were washed 4 times with ddH20 and left to dry at room
temperature. The fixed cells were stained with 50 ul of SRB solution and incubated at
RT, dark for 30 minutes. The excess dye was removed by washing the plates 5 times with
1% acetic acid and left to air-dry at RT. Finally, stained cells were dissolved in 150 ul of
10mM Tris Base solution, and absorbance reading was performed at 564 nm by using the
Synergy H1 Plate Reader (Biotek, USA). The results were obtained by n=3 independent
experiments. Since all the compounds were dissolved in DMSO, DMSO was applied as
a negative control and the absorbance values of compounds were normalized to DMSO-
treated samples. The cell viability was calculated as percentages and % values were fitted
to a non-linear dose-response inhibition curve to generate 1Cso values of the compounds.

The equation used in order to calculate the ICso values is given as

50 — y; 2.1)
ICsy = exp (Wf)

2.2.4 Clonogenic Assay

The colony-formation ability of OVCAR-3, OVSAHO, and KURAMOCHI cell
lines as a response to increasing doses of compound treatment was investigated by using
a clonogenic assay. Cells were seeded into 12-well plates with 1000 cells/well in 2 ml
growth medium and distributed evenly. Afterwards, the cells were treated with respective
concentrations of compounds of interest (at the concentrations of 1, 2.5, 5, 10, and 20
uM) for 24 hours or 48 hours. 1 ml fresh medium containing compounds was added onto
the spent medium, resulting in corresponding compound concentrations. At the end of the
treatment period, the medium was discarded and replaced with fresh medium. Until the
cells showed colony formation, the medium was changed with fresh medium when
necessary, and they were expected to form colonies. After the cells showed colony
formation (approximately 15-16 days), the incubation time was stopped and the cells were
washed twice with 1x DPBS. Afterwards, cells were fixed with 100% ice-cold methanol

for 5 minutes. Cells were washed twice with 1x DPBS again and then stained with 0.5%
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Crystal Violet solution for 15 minutes. To remove excess dye, the cells were washed with
ddH20 and left to dry at RT. The colonies were scanned to the computer, photographed,
and counted by ImageJ software. The number of colonies depending on the compound
treatments was analyzed. The compound-treated samples were normalized to negative

controls (DMSO-treated samples).

2.2.5 Analysis of Cell Cycle Distribution by Flow Cytometry

Ovarian cancer cell lines OVCAR-3, OVSAHO, and KURAMOCHI were
cultured into 6-well plates with 100000 cells per well. 24 hours after seeding, medium
was aspirated and cells were treated with corresponding compound concentrations (ICvs)
or DMSO control for 48 and 72 hours. After the respective incubation times, spent
medium was taken in a 15 ml falcon tube. The cells were rinsed once with 1x DPBS and
then collected in the same falcon tube after trypsinization. Cell suspension was
centrifuged at 2000 rpm for 6 minutes. As a next step, supernatant was discarded and cell
pellet was resuspended in 5 ml 1x DPBS. Samples were again centrifuged at 2000 rpm
for 6 minutes. Supernatant was aspirated and the cell pellet was dissolved in 1 ml 1x
DPBS. While vortexing the tubes containing cell suspension at medium speed, 2.5 ml of
ice-cold absolute ethanol (70% final percentage) was slowly added to the tubes to fix the
cells. After fixation, samples were stored at +4 °C for at least 24 hours. To begin with
staining procedure, the fixed samples were then centrifuged at 1500 rpm for 5 minutes.
Afterwards, the cell pellet was resuspended in 500 ul of Propidium lodide (PI) solution
and incubated at 37°C, dark for 40 minutes. 3 ml 1x DPBS was added to each well and
the samples were then centrifuged at 1500 rpm for 5 minutes. Lastly, the cell pellet was
resuspended in 500 ul of 1x DPBS and the samples were transferred to the Beckman
Coulter CytoFLEX Flow Cytometer (Beckman Coulter, USA) for running 10000 events
per sample. Data was analyzed using CytExpert program and gates were determined
according to DMSO control in order to evaluate the effects of compounds on cell cycle

through DNA analysis. The results were obtained by n=3 independent experiments.
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2.2.6  Apoptosis Assays

Two different apoptosis-related assays were used throughout this, Muse Annexin
V & Cell Death Assay for detecting cells in different stages of apoptosis and Muse

Caspase-3/7 Assay for determining apoptosis stages based on Caspase-3/7 activation.

2.2.6.1 Muse Annexin V & Dead Cell Assay

Annexin V assay was performed by using Muse® Annexin V & Dead Cell Assay
Kit (Millipore, #MCH100105). Firstly, OVCAR-3 and OVSAHO cells were seeded into
6-well plates with 100000 cells/well in 3 ml growth medium. After 24 hours, the cells
were treated with corresponding compound concentrations (1C7s) for 48 hours. Cells were
collected by trypsinization and cell suspension was then centrifuged at 400 g for 4
minutes. The supernatant was removed, and the pellet was resuspended in 100 pul of ice-
cold 1x DPBS. Cell concentration was adjusted to 300-500 cells/ul per sample. 100 ul of
cell suspension was mixed with 100 pl of Annexin V & Dead Cell Reagent. After gently
pipetting up and down the sample, samples were incubated at RT for 20 minutes and
analyzed with Guava® Muse® Cell Analyzer (Luminex, USA) with 5000 events per
sample. Gates were chosen according to DMSO control. The results obtained by n=3

independent experiments.

2.2.6.2 Muse Caspase-3/7 Assay

Caspase-3/7 assay was performed by using Muse® Caspase-3/7 Assay Kit
(Millipore, #MCH100108) according to the manufacturer’s instructions. OVCAR-3 and
OVSAHO cells were seeded into 6-well plates with 100000 cells/well and allowed to
attach for 24 hours. Next, the cells were treated with compounds of interest at 1Czs
concentration for 48 hours. After incubation, the cells were collected by enzyme, trypsin,
rinsed once with 1x DPBS and centrifuged at 400 g for 4 minutes. Caspase-3/7 Reagent
working solution was prepared by 1:8 stock solution dilution in 1x DPBS. At the same
time, Caspase 7-AAD working solution was also prepared by 2:150 dilution by diluting
Caspase 7-AAD stock solution in 1X Assay Buffer BA per sample. Cell concentration
was adjusted to 300-500 cells/pl per sample. 50 ul of cell suspension was added into each

tube and 5 ul of Muse® Caspase-3/7 Reagent working solution was added to the cells.
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Samples were then incubated for 30 minutes in a 37°C incubator with 5% CO2. After
incubation, 150 pl of Caspase 7-AAD working solution was added to each tube. Samples
were mixed by pipetting up and down and incubated at RT for 5 minutes, protected from
light. Lastly, samples were transferred to Guava® Muse® Cell Analyzer (Luminex, USA)
for analysis of 5000 events per sample. Gates were decided according to DMSQO control.

The results were obtained by n=3 independent experiments.

2.2.7 Immunofluorescence

Ovarian cancer cell line, OVCAR-3, was cultured in 24-well plates on coverslips
(preferably 12 mm-13 mm coverslips) at 100000 cells/well. 24 hours later, growth
medium was changed with fresh medium containing the desired compounds or DMSO
control at 1C7s concentration for 48 hours. After the desired incubation time, cells were
fixed with 4% Paraformaldehyde. Briefly, the spent media was discarded and the cells
were rinsed twice with 1x DPBS. Then, the cells were fixed with 4% Paraformaldehyde
at RT for 20 minutes by adding directly into the wells. The plates were rinsed three times
with 1x DPBS and kept overnight at +4°C until the immunostaining protocol the other
day. The next day, the cells were rinsed twice with 1x DPBS and permeabilized for 15
minutes at RT, dark with 0.1% TritonX-100 in 1X DPBS. The cells were then washed
once with 0.1% Tween-20 in 1x DPBS, and blocked with SuperBlock (ScyTek
Laboratories) for 20 minutes at RT. After 20 minutes of incubation, the blocking solution
was discarded and coverslips were placed on 17.5 pl of the following primary antibody
solution, Phospho- Histone H2A.X (Ser139) Mouse mAb antibody (Cell Signaling,
#80312S) diluted in SuperBlock (1:100) and incubated overnight at +4°C. The next day,
the slides were taken out of +4°C and immersed into washing buffer a couple of times for
washing. After that, coverslips were placed on 15 pl of the following secondary antibody
solution (1:10), Goat anti-Mouse 1gG (H+L) Cross-Adsorbed ReadyProbes™ antibody
conjugated to Alexa Fluor™ 594 (Invitrogen, #R37121) diluted in 1x DPBS and
incubated at 37°C for 1.5 hours, RT. After desired incubation time, 6 ul of Mounting
Medium with DAPI (Abcam, #ab104139) was placed on Thermo SuperFrost microscope
slides (Thermo Fischer). The coverslips incubated with secondary antibody were
immersed into a washing buffer to remove excess antibody solution and then placed on

mounting medium by sealing with nail polish to stabilize the coverslips. They were kept
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at +4°C (dark) until visualization and visualized by confocal microscope (Leica DMi8

ITCS SP8-DLS). The results were obtained by n=3 independent experiments.

2.2.8 Western Blot

To analyze changes in protein levels, OVCAR-3 cell line was seeded in 150-mm
petri dishes at 1500000 cells/well and incubated for 24 hours for attachment. Cells were
then treated with the respective drug concentrations for 48 hours. At the end, cells were
collected by enzyme trypsin (spent media included), washed once with 1x DPBS, and
dissolved in 100 ul RIPA mixture on ice. By vortexing every 5 minutes, cell suspension
was incubated on ice. The cells were then centrifuged at 14000 g at +4°C. The supernatant
was collected for further analysis. Protein concentrations were determined by Pierce’s
BCA Protein Assay Kit (Thermo Fischer, #2325.). 20 ug protein for each sample was
mixed with 4x Laemmli Sample Buffer (containing 1:10 B-Mercaptoethanol), and ddH:0O,
resulting in 2 ug protein/pl. Samples were then incubated at 95 °C for 5 minutes. Samples
were loaded as 10 pl for each well (20 pg/well) on a 4-15% Mini-PROTEAN® TGX™
Precast Protein Gels (Biorad, #4561086) and run at 80 V. After the proteins are separated
using SDS-polyacrylamide gel electrophoresis and transferred onto a PVDF membrane
via Bio-Rad Trans-Blot® Turbo™ Transfer System (Biorad, USA) for 30 minutes, The
membrane was blocked with blocking solution (5% non-fat dry milk dissolved in 1x TBS-
T) for 1 hour at room temperature. Then, the membrane was rinsed three times for 5
minutes each with 1x TBS-T. After that, the primary antibodies diluted at specified
dilutions were added onto the membrane, shaken and incubated at 4°C overnight. The
next day, after washing three times with 1x TBS-T, the membrane was incubated in HRP-
conjugated secondary antibodies diluted to 1:2500 in blocking solution. The membrane
was again washed three times for 5 minutes each with 1x TBS-T and Pierce™ ECL
Western Blotting Substrate (Thermo Fisher, #32106) was applied to the membrane for
chemiluminescence signal detection and images were captured through Licor Odyssey®

Fc Imaging System.
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2.2.9 Investigation of Synergistic Effects of Chalcones and Carboplatin against

Carboplatin-Resistant Ovarian Cancer Cells

To investigate if chalcones act synergistically with carboplatin against carboplatin-
resistant OVCAR-3 cell line, mono and combinational treatments of a chalcone (MC013)
and carboplatin were applied through SRB assay. Carboplatin-resistant OVCAR-3 cells
were either treated with increasing concentrations of MC013 (0 uM, 2.5 uM, 5uM, and
10uM), carboplatin (0 uM, 5uM, 10uM, 20uM, and 40 uM) or both for 72 h. Absorbance
values were normalized to negative controls and the inhibition was calculated as
percentages. The combinational index (CI) values were obtained and CI values = 1, >1,

and <1 demonstrated additive, antagonistic or synergistic interactions respectively.

Chapter 3:
RESULTS

3.1 Initial in vitro cytotoxicity screening of novel chalcone derivatives

To investigate the anti-proliferative activities of 16 novel chalcone compounds on
human ovarian cancer cells, the cytotoxic effects of each compound were first evaluated
by using SRB assay. Their biological activities were evaluated against three human
HGSOC cell lines: OVCAR-3, OVSAHO, KURAMOCHI, and a non-tumorigenic
normal breast cell line: MCF-12A. Carboplatin and cisplatin, which are commonly used
chemotherapeutic drugs in ovarian cancer treatment, were used as references. Cells were
treated with increasing five concentrations of compounds (0-40 uM) for 72 h respectively.
The obtained results are presented as ICso concentrations (half-maximal inhibitory

concentration) (Table 3.1).
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Table 3.1: In vitro cytotoxicity evaluation of novel chalcones and reference drugs for

72h, presenting as 1Cso + SD (M) concentrations (NCI-SRB assay).

OVSAHO OVCAR-3 KURAMOCHI MCF-12A
MCO013 127+1.1 74+15 112+1.8 226+15
MCO016 283+ 17 134+2 10+1.2 205+1.3
MCO017 NI NI 39.2 +£28.8 NI
MCO019 NI 335+41 NI >40
MC022 NI NI 15.7+0.2 NI
MC023 27.3+3.8 13.8+15 NI 21.3+54
MC025 NI NI NI NI
MCO030 245+19 104+1.6 12.7+3.8 28.8+1.6
MCO033 NI NI NI NI
MCO035 243+18 196+ 28 113+14 52+19
MC049 NI NI NI 346+5
MCO058 NI NI 26.3+1.4 9.2+24
MC059 NI NI 242+28 21.4+0.6
MCO060 128+1.2 8.9+1.0 114+35 275+0.9
MCO061 276+3.2 172+1 NI 21.2+39
MC062 384+28 144+13 13.8+0.6 36.1+£5.7
Carboplatin 50.6+25 257+0.8 36.1+4.7 NI
Cisplatin 5.1+0.9 46+0.1 8.2+0.01 N/A

*NI: No Inhibition, **N/A: Not available

3.2  MCO013, MCO030, and MCO060 decreases the cell viability and proliferation of

high-grade serous ovarian cancer cells

During the preliminary evaluation, it was revealed that among all the derivatives
tested, MC013, MC030, and MCO060 exhibited significant cytotoxic activity against

ovarian cancer cells, with low ICso values (Table 3.1). Other derivatives were either less
effective or had no activity against cancer cells. Besides, MC013, MC030, and MC060

were less cytotoxic against non-tumorigenic human normal breast cells than they were to

ovarian cancer cells, showing that these compounds had potent anti-proliferative
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activities on ovarian cancer cells while they did not significantly affect the cell viability
of human normal breast epithelial cells (Table 3.1) (Figure 3.1). Furthermore, all three
derivatives were more effective against ovarian cancer cells respectively compared to the
reference drug, cisplatin. Dose-response survival curves of corresponding compounds can

be observed in Figure 3.1 below.
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Figure 3.1: Dose response curves obtained by investigating the cell viability effects
of MCO013, MCO030, and MCO060 after 72 hours treatment by NCI-SRB assay. Cells
were treated with five different concentrations (2.5 uM, 5 uM, 10 pM, 20 uM, and 40
puM) of MC013, MCO030, and MCO060 respectively and analyzed with SRB assay. The
obtained cell index data were normalized to DMSO control and dose-response curves
were plotted for OVSAHO, OVCAR-3, KURAMOCHI, and MCF-12A cells. Bars
represent the SEM obtained in n = 3 independent experiments.
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The cytotoxic activity of MC013, MC030, and MC060 was also investigated in OVSAHO
and OVCAR-3 cells at 48h time point and their 1Cso values were calculated (Table 3.2).

Table 3.2: In vitro cytotoxicity evaluation of MC013, MC030, and MCO060 against
OVSAHO and OVCAR-3 cells at 48h time point, presenting as ICso £ SD (uUM)

concentrations (NCI-SRB assay).

OVSAHO OVCAR-3
MCO013 174+1 11.0+0.3
MCO030 288+£6.2 191+1.2
MCO060 208+23 104+0.4

As a further investigation, anti-proliferative activities of the promising chalcone
derivatives, MC013, MC030, and MC060, were further tested against primary cells
isolated from solid tumors of patient #1 diagnosed with HGSOC, and
carboplatin/olaparib-resistant OVCAR-3 and OVSAHO cell lines established in our lab.
It was found out that MC013, MCO030, and MCO060 also demonstrated significant
cytotoxic and growth-inhibitory effects against primary HGSOC cells and in vitro models
of chemoresistant ovarian cancer cells (Table 3.3). Cells from resistant cell lines showed
a response similar to HGSOC cell lines, only giving slightly higher 1Cso values (Table
3.3). It was also revealed that these three chalcone molecules might act on
carboplatin/olaparib-resistant ovarian cancer cells through a different mechanism than
carboplatin and olaparib itself since they demonstrated significant cytotoxic activities
while cells were resistant to conventional chemotherapeutic drugs, carboplatin, and

olaparib.
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Table 3.3: In vitro cytotoxicity evaluation of MC013, MCO030, and MCO060 against
primary cultures & in vitro chemoresistant models of ovarian cancer cells, presenting as

ICs0 = SD (UM) concentrations (NCI-SRB assay).

Carboplatin- Olaparib- Carboplatin- Olaparib-

Patient #1 Resistant Resistant Resistant Resistant

OVSAHO OVSAHO OVCAR-3 OVCAR-3

MCO013 5512 21+£0.2 169+1.2 11+05 143+04

MCO030 85+1 274 +1 27.3+£15 224+11 227+0.6

MCO060 7+1.6 255+13 21.7+£19 152+6 177+ 04
Carboplatin <25 >200 N/A 8uM +£1.6 N/A
Cisplatin <2.5 N/A N/A N/A N/A

Olaparib N/A N/A 197+ 44 NA 1129+6

Thus, based on the previous results obtained from the initial cytotoxicity screening
and their further investigation, chalcone derivatives exhibiting promising efficacy against
primary, chemo-resistant, and established ovarian cancer cells (MC013, MC030, MC060)
were selected for further analysis, showing anti-cancer potential.

3.3  MCO013, MC030, and MCO060 effectively inhibit the colony-formation abilities

of ovarian cancer cells

To further investigate the anti-proliferative properties of MC013, MC030, and
MCO060 on HGSOC cell lines, a colony-formation assay was performed for each
compound respectively, for 24 h and 48 h time points. Considering the fact that cancer
cells are prone to grow and proliferate by forming colonies, a clonogenic assay was
performed to determine the effects of three selected derivatives on the capability of a

single ovarian cancer cell to survive and grow into a colony (Franken et al., 2006).

HGSOC cell lines were treated with 1 pM, 2.5 uM, 5uM, and 10 uM
concentrations of selected compounds or 0 uM (DMSO controls) for 24 h or 48 h.
Changes in the colony formation ability of compound-treated cells compared to the

controls are shown in Figure 3.2.



Chapter 3: Results

A MCO013 (uM)

OVSAHO

OVCAR-3

“; o 3 - = e =2,

é '.; '_~\‘l‘ 0 .". ¢ o ‘ .\ £\

48h Lot e ) gy 1 ,
T YT | |

~ ../ - ‘//

KURAMOCHI




Chapter 3: Results

33

OVSAHO

OVCAR-3

KURAMOCHI

MCO030 (uM)




Chapter 3: Results 34

C MCO60 (uM)

OVSAHO

OVCAR-3

KURAMOCHI

Figure 3.2: Long-term colony-formation assay of 3 HGSOC cell lines; O VSAHO,
OVCAR-3, and KURAMOCHI after (A) MCO013, (B) MC030, or (C) MCO060
treatment. Cells were grown in the absence or presence of selected compounds at

different concentrations for 16-21 days, fixed and stained with crystal violet.
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Based on the data obtained (Figure 3.2), It was found that treatment with each
three compounds decreased the colony numbers formed in all ovarian cancer cell lines in
a dose-dependent manner respectively when compared to control cells. Besides,
compounds inhibited the colony-formation ability of cancer cells in a time-dependent
manner as well, showing a higher reduction in 48 h treatment than 24 h in all cell lines.
While all selected compounds lead to a significant decrease in colony formation abilities
of all cancer cells, especially MCO060 reduced the number of colonies formed in both
OVSAHO, OVCAR-3, and KURAMOCHI the most (Figure 3.2c). Moreover, no cell
lines were observed to form colonies at compound doses of 10 uM at both 24h and 48 h.
These data correlated with the results obtained previously with the SRB assay, showing
that the selected derivatives have promising anti-proliferative effects on ovarian cancer

cells.

3.4  Selected compounds modulate significant alterations in the cell cycle profiles of

ovarian cancer cells

Cell cycle mechanism, which controls cell proliferation, is disrupted in cancer
cells in almost every case, causing them to divide continuously and excessively
(Matthews et al., 2022). In light of this information, the effects of selected chalcones on
the cell cycle machinery of ovarian cancer cells were further investigated. For this
purpose, propidium iodide (PI) staining method was performed. HGSOC cell lines were
either treated with 1C7s concentrations of selected compounds or DMSO controls for 48
h or 72 h periods and stained with red-fluorescent DNA-intercalating dye, propidium
iodide. The cell cycle profiles of each cell line after treatment are shown in Figure 3.3.
The results demonstrated that compound treatments caused major alterations in the cell
cycle characteristics of ovarian cancer cells (Figure 3.3). All compounds induced the most
significant changes in OVSAHO and OVCAR-3 cell lines at 48h time point respectively
by leading to a significant increase in SubG1 cell populations, following the significant
decrease in % of cells in GO/G1 phases (Figure 3.3B) At 48h time point, neither of the
chalcones did show a significant alteration in the cell cycle distribution of KURAMOCHI
cells. Furthermore, at 72h time point, MC030 and MCO060 further caused a prominent
increase in the SubG1 cell population of OVCAR-3 cells while their effect on the SubG1
phase did not prolong for OVSAHO cells. Regarding the compound treatment,
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KURAMOCHI cells also had a slight increase in the % cells in the SubG1 phase of the
cell cycle at 72h in contrast to their 48h cell cycle profile.
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Figure 3.3: Cell cycle analysis of ovarian cancer cells. (A) Representative cell cycle
histograms after Pl staining. OVSAHO (top), OVCAR-3, (middle), and KURAMOCHI
(bottom) cells were grown in the absence or presence of selected compounds at IC7s
concentrations for 48h or 72h. The peak around 30-40 PE-A represents GO/G1 phase
(2N); around 60-80 represents G2/M phase, and the area in between represents S phase.
(B) The guantitation of cell cycle distribution analysis in bar graphs.
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Therefore, these results suggested that MC013, MC030, and MCO060 led to
significant alterations in cell cycle profiles of OVCAR-3 and OVSAHO cells at 48h by
inducing SubG1 arrest, which could occur as a result of apoptotic cell death. The
promising apoptosis-inducing abilities of these selected compounds on OVSAHO and
OVCAR-3 cells were further investigated.

35 MC013, MC030, and MC060 induced apoptotic cell death in OVSAHO and
OVCAR-3 cells

After it was found that the selected molecules caused a significant increase in the
SubG1 cell populations of OVSAHO and OVCAR-3 cells, it was decided to conduct a
detailed investigation into whether the compounds cause apoptotic cell death. The sub-
G1 phase of the cell cycle, which resides on the left side of the GO/G1 population,
represents the fragmented DNA content lost from permeabilized cells as a result of cell
death (Plesca et al., 2008). Since DNA fragmentation is one of the certain characteristics
of apoptosis, our findings in cell cycle analysis suggested that selected chalcones might
have acted on OVSAHO and OVCAR-3 cells through apoptosis induction (Matassov et
al., 2004). To further define whether the cell viability decrease in ovarian cancer cells
with the SubG1 increase was due to apoptotic cell death or another type of cell death such
as necrosis, which also shows DNA lost profiles, Annexin-V/7-AAD double staining was
performed. After OVSAHO and OVCAR-3 cells were treated with the compounds (1C7s)
for 48h, the fraction of live, early apoptotic, late apoptotic, and dead cell populations were

determined by MUSE cell analyzer (Figure 3.4).

Apoptosis results in some characteristic changes in the cell one of which is the
phosphatidylserine (PS) externalization to the outer surface of the cell membrane.
Annexin-V has a high-affinity binding for PS and therefore, annexin-V (+) populations
demonstrate the externalization of phosphatidylserine, which is normally a component of
the inner membrane of the cell, to the outer surface and its externalization used as an
ongoing apoptosis marker. To selectively distinguish the apoptotic cells between dead
cells, 7-AAD which is a fluorescent marker binding to DNA is also used as a dead cell
marker (Vermes et al., 1995; Zembruski et al.,2012).
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Figure 3.4: Apoptosis induction analysis of OVSAHO & OVCAR-3 cells after 48h

compound treatment. (A) Representative plots of apoptosis profile. (B) The quantitation

of analysis is presented on bar graphs. Error bars represent the SEM of data obtained in

n=3 independent experiments; two-tailed Student’s t-test in comparison to DMSO; ™
p>0.05, * p<0.01, ** p<0.001, *** p<0.0001, **** p<00001.
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In light of this information, MUSE Annexin-V & Death Cell assay demonstrated
that live cells% in both OVSAHO and OVCAR-3 cells significantly decreased when
treated with each compound respectively (Figure 3.4). At the same time, Annexin-V (+)
cells increased to around 60-80% of the total cell population for samples treated with
MCO013, MCO030, and MCO060 respectively both in OVSAHO and OVCAR-3 cells while
their corresponding controls did not have any significant Annexin-V (+) cell population
as expected (Figure 3b). While all of the compounds significantly increased the total
apoptotic cells in OVSAHO and OVCAR-3 cells, especially MC013 showed the most
significant effect against ovarian cancer cells. In both cell lines, 48h exposure to each
compound led to a potent increase in the late apoptotic cell populations (Annexin-V (+),
7-AAD (+)) with a slightly increased early apoptotic cell fractions (Annexin-V (+), 7-
AAD (-)) (Figure 3a). Neither of the cell lines had Annexin-V (-) 7-AAD (+) cell
populations (such as necrotic cell death), which proved that the selected chalcones
induced apoptotic cell death. Thus, selected chalcones, MC013, MC030 and MCO060,
resulted a prominent decrease in cell viability and induced a significant apoptotic cell
death in ovarian cancer cells, OVSAHO and OVCAR-3.

3.6 Selected chalcones effectively induced caspase-dependent apoptotic cell death

through caspase-3/7 activation

To investigate the ability of selected chalcones to induce apoptosis on OVSAHO
and OVCAR-3 cell lines in more detail, the MUSE Caspase-3/7 assay was performed for
each compound for a 48h time point, respectively. With the aid of annexin-V/7-AAD
double staining, chalcones were found to induce apoptosis in OVSAHO and OVCAR-3
cells at 48h, which correlated with the SubG1 increase in their cell cycle distributions. As
a next step, it was decided to investigate the compounds’ ability to activate caspase-3 and
caspase-7. Caspase-3 and caspase-7 are proteases that play role in apoptosis as effector
caspases. After initial pro-apoptotic signals come and apoptosis starts, effector caspases
are activated and cleave important proteins in downstream pathways, by eventually
promoting cell death. Thus, activation of caspase-3/7 is also one of the characteristic
changes in the apoptosis process just like the externalization of phosphatidylserine
(Elmore, 2007).
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Figure 3.5: Caspase-3/7 activation analysis of OVSAHO & OVCAR-3 cells after 48h
compound treatment. (A) Plots of the MUSE caspase-3/7 assay. (B) The quantitation of
analysis is presented on bar graphs. Error bars demonstrate the SEM of data obtained in
n=3 independent experiments. Statistical differences were analyzed with two-tailed
Student’s t-test in comparison to DMSQO; " p>0.05, * p<0.01, ** p<0.001, *** p<0.0001,
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The differences in the active/inactive Caspase-3/7 populations in OVSAHO and
OVCAR-3 cells are demonstrated in Figure 3.5. The results confirmed the previous
annexin-v & death cell assay findings and showed that MC013, MC030 and MC060
caused significant apoptosis induction (Figure 3.5). Besides, it also revealed that cell
populations at where caspase-3 and caspase-7 are activated were significantly increased
after each drug treatment respectively (Figure 3.5b). Correlated with the previous
findings, late apoptotic cell populations were significantly higher and the early apoptotic
cells were slightly increased. Neither of the cell lines had Caspase-3/7 Reagent (-) 7-AAD
(+) cell populations which again proved that the selected chalcones induced apoptotic cell
death rather than necrosis. Since the total apoptotic cells% were mostly similar to total
caspase3-7 activation% in both cell lines, it was concluded that selected chalcones
induced caspase-dependent apoptotic pathway in ovarian cancer cells, OVSAHO and
OVCAR-3.

3.7 MCO013, MC030, and MCO060 target ovarian cancer cells via inducing DNA

damage

Considering the previous findings in the literature that some anti-cancer drugs
induce DNA damage, DNA damage accumulation after chalcone treatment was

investigated in ovarian cancer cells (Reuvers et al., 2020).

When cells are exposed to a DNA damage-inducing agent, double-strand breaks
may form and could lead to several deficiencies if they are left unrepaired including
genomic instability, cell survival, or cancer. The cells then activate their DNA damage
response mechanisms to repair the damage. As one of the steps in this activation process,
phosphorylation of the histone variant H2A.X to yH2AX has a crucial role in the DNA
damage response mechanism. Thus, the increased yH2AX levels in the cells are used as
a DNA damage marker, as a result of double-strand breaks (Reuvers et al., 2020;
Podhorecka et al., 2010).

To be able to investigate the DNA-damage-inducing capabilities of chalcone
compounds, OVCAR-3 cells were treated with MC013, MC030, or MC060 (IC7s) for 48h
respectively. Cells were then incubated with phospho-Histone H2A.X primary antibody
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conjugated with Alexa Fluor 594 secondary antibody (red) and visualized by confocal
microscopy. The nuclei were stained with DAPI (blue). The differences in yYH2AX levels

between chalcone-treated and control cells are demonstrated in Figure 3.6 below.
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Figure 3.6: Detection and quantification of yH2A.X levels using
immunofluorescence assay. (A) Representative fluorescent images of yH2A.X staining
after 48h compound exposures of OVCAR-3 cells (Scale bar: 10um) (Blue: DAPI, Red:
YH2A.X). (B) The quantitation of changes in YH2A.X levels is presented on bar graphs.
yH2A.X intensities were normalized to DAPI. Error bars represent the SD of data and
statistical differences were analyzed with two-tailed Student’s t-test in comparison to

DMSO.

All selected chalcones were shown to induce a significant increase in yH2A.X
levels in OVCAR-3 cells respectively, which was the main indicator of DNA damage
increase (Figure 3.6). No change in DMSO control was observed as expected. As a result,
after 48h exposure to either of the selected chalcones, OVCAR-3 cells had prominent

DNA damage, proving that chalcones act on OVCAR-3 cells via DNA damage.

3.8 MC013, MC030, and MCO060 deregulates several apoptosis-related proteins

Based on our previous data, selected chalcones were shown to have significant
effects on the cell cycle, apoptosis, and DNA damage profiles of ovarian cancer cells. To
further characterize the possible molecular mechanisms which are responsible for their
apoptosis-inducing action in ovarian cancer cells, the expression levels of apoptosis-

related proteins were determined by performing a western blot analysis. OVCAR-3 cells
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were treated with the corresponding MC013, MC030, and MCO060 concentrations (1C7s)
for 48h, proteins were isolated and protein levels were investigated through western blot
(Figure 3.7a).
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Figure 3.7: Apoptosis-related proteins targeted by selected chalcones. (A)
Representative images of blots. (B) The quantitation of changes protein levels is

presented on bar graphs. Images were quantified using ImageJ software.

To confirm the caspase-3/7 activation assay results which demonstrated the
increase in the activated caspase-3 levels in the ovarian cancer cells after chalcone
treatment, caspase-3 changes were measured at protein level this time. It was found that

for each treatment, the expression of the cleaved forms of caspase-3 (17-19kDa) was
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significantly increased in OVCAR-3 cells while their corresponding full-length caspase-
3 expression did not change (Figure 3.7). Since the cleavage of full-length caspases to
their cleaved forms lead to their activation, the significant increase in the cleaved caspase-
3 levels in OVCAR-3 cells demonstrated that chalcones induced apoptosis through the
activation of the caspase cascade. In the next step, full-length and cleaved poly (ADP-
ribose) polymerase-1 (PARP-1) expression levels were also measured to see if PARP-1
cleavage, which is an indicator of apoptosis, was induced as a result of effector caspase-
3 activation (Chaitanya et al., 2010). It was revealed that cleaved PARP-1 (89 kDa) levels
in OVCAR-3 cells were significantly increased compared to the control after being
exposed to selected chalcones respectively (Figure 3.7b). Thus, downstream cleavage of
PARP-1 after caspase cascade activation confirmed that caspase-mediated apoptosis was
induced in OVCAR-3 cells.

In the literature, it was demonstrated that cellular stresses such as DNA damage
can induce apoptosis (De Zio et al., 2013). In the previous results, we found that selected
chalcones stimulated DNA damage in OVCAR-3 cells with the aid of the
immunofluorescence protocol, which showed increased levels of yH2A.X. To confirm
the increased YH2A.X expression, its expression was also measured at the protein level
by western blot. As a result of 48h exposure to each chalcone, phosphorylated H2A. X
levels in OVCAR-3 cells were significantly increased in OVCAR-3 cells, correlated with
the previous findings (Figure 3.6) (Figure 3.7). This finding also prompted us to
investigate whether there are any changes in the levels of the p53, which is stimulated in
response to cellular stresses such as DNA damage, which can restrict cell division
throughout the cell cycle and also induce apoptosis (Ozaki & Nakagawara, 2011).
Western blot analysis revealed that along with the increase in YH2A. X, selected chalcones
induced the phosphorylation of p53 in OVCAR-3 cells, which meant the activation of
p53 (Figure 3.7). Thus, our findings demonstrated that p53 (tumor suppressor) was
activated in OVCAR-3 cells as a response to DNA damage caused by chalcones and could

be the regulator of downstream apoptosis mechanism.

To characterize the downstream regulatory effects of p53 and to further
investigate which apoptotic pathway was induced after chalcone treatment, the expression

levels of proapoptotic protein Bax were measured. In the literature, it was shown that p53
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has a role as an upstream regulator of proapoptotic protein Bax, whose translocation from
cytosol to outer membrane of mitochondria plays a significant role in p53-induced and
mitochondria-dependent apoptosis and is an initial step for caspase activation (Chipuk et
al., 2004). Western blot analysis of Bax revealed that there was a significant increase in
Bax levels in OVCAR-3 after compound treatment especially with MC030 and MCO060,
which was compatible with the information in the literature (Figure 3.7b).

3.9  Selected chalcones stimulated cell cycle arrest in OVCAR-3 cells through cyclin

D1 down-regulation

Cyclin D1 is a cell cycle regulatory protein that is important in cell cycle
progression through the G1 phase of the cycle. Its overexpression is linked to tumor
growth and cancer progression and seen in many cancer types (Qie & Diehl, 2016). Our
findings in PI staining prompted us to further investigate the cell cycle characteristics of
OVCAR-3 cells after chalcone treatment. As a result of the PI staining experiment, it was
observed that chalcone molecules had a significant effect on the cell cycle profiles of
ovarian cancer cells and caused subG1 arrest (Figure 3.3). In addition, it was previously
mentioned that the activation of p53 protein after DNA damage may cause cell cycle
arrest. In line with this information, it was desired both to confirm the results obtained
from PI staining and to measure the expression levels of cyclin D1 regulated by the p53

protein, which has an important role in the cell cycle.
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Figure 3.8: Cyclin D1 protein levels in OVCAR-3 cells after chalcone treatment. (A)
demonstrates the representative blot images of cyclin D1 and its housekeeping control
protein, vinculin. (B) The quantitation of cyclin D1 levels are in bar graphs. Images were

analized using ImageJ software.
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Western blot analysis demonstrated that 48h treatment with chalcone compounds
respectively led to a significant decrease in cyclin D1 levels in OVCAR-3 cells compared
to the control, especially after MC013 and MCO030 treatment (Figure 3.8). This result
suggested that p53 could be responsible for the downregulation of cyclin D1, which

resulted in cell cycle arrest correlated with our previous findings.

3.10 MCO013 slighlty decreased Akt phosphorylation in OVCAR-3 cells

In several studies in the literature on the mechanism of action of synthetic
chalcones, it was shown that chalcones act via the PI3K/Akt pathway (Sahin et al., 2020;
Noser et al., 2022) On the other hand, PI3K/AKT signaling pathway is one of the key
altered pathways identified in HGSOC, which is hyperactivated in a majority of cases
(Dobbin & Landen, 2013). In light of this information, activation of Akt was investigated
through phosphorylated Akt expression levels by western blot. Results revealed that
among selected molecules MCO013 caused a slight decrease in phosphorylated Akt levels
in the OVCAR-3 cells, which suggested that chalcone treatment might have an impact on
PI3K/Akt pathway by decreasing hyperactivated p-Akt levels (Figure 3.9).

DMSO  MCO13  MCO30  MCDBO DMSO  MCO13  MCO30  MCO60
1Crs ICrs ICrs ICrs o ICrs
Pak - - g LTk
Vinculin - S -— e e 17 Wnculin“ p— --117
MW (kDa) MW (kDa)
p-Akt Akt
c e
K] o2
2 10 2 10
4 e
a (-3
3 3
£ £
£ os 2 os
° e
a o
$ $
k] k]
g0 e o0
O ] (o] %]
o"" & “é‘"“ ‘;:?bg o\‘" *o& *(PQF “p@“

Figure 3.9: Investigation of akt phosphorylation in OVCAR-3 cells after chalcone
treatment. (A) Representative blot images. (B) Band analysis was demonstrated in bar

graphs.
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3.11 MCO013, MC030, and MC060 might have a significant effect on epithelial-
mesenchymal transition (EMT) mechanism

Epithelial-mesenchymal transition is an important mechanism in tumorigenesis
by increasing migratory and metastatic properties of tumor cells. It is represented by
lower E-cadherin levels and higher N-cadherin expression (Micalizzi et al., 2010). Thus,
to investigate whether the selected chalcones show any effect on EMT mechanisms on
ovarian cancer cells, E-cadherin expression levels were measured. Western blot analysis
revealed that E-cadherin levels significantly increased in OVCAR-3 cells treated with
each chalcone respectively while DMSO still had the low level of E-cadherin expression
(Figure 3.10). This suggested that selected chalcones may act on EMT pathway in
OVCAR-3 cells and decrease their migratory and invasive properties as a result of the E-

cadherin increase.
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Figure 3.10: Quantification of e-cadherin levels in OVCAR-3 cells by western blot.
(A) Representative blot images showing the E-cadherin increased induced by selected
chalcones. (B) Relative protein expression was in bar graph. Band intensities were

measured using ImageJ software by normalizing to equal loading control GAPDH.

3.12 MCO013 and carboplatin have no synergistic effect on carboplatin-resistant
OVCAR-3 cells

Based on our previous results, it was revealed that selected chalcones act on

ovarian cancer cells through cell cycle arrest, apoptosis induction, and DNA damage.
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Since these molecules demonstrated promising anti-cancer effects on carboplatin-
resistant OVCAR-3 cells as well (Table 3.3), these abilities of chalcones prompted us to
question if they synergistically act with carboplatin on carboplatin-resistant OVCAR-3
cells. For this, MC013, which showed the most promising effect on carboplatin-resistant
OVCAR-3 cells with a low 1Cso profile, was chosen for testing. Carboplatin-resistant
OVCAR-3 cells were either treated with increasing concentrations of MC013 (0 pM, 2.5
UM, 5uM, and 10uM), carboplatin (0 pM, 5uM, 10uM, 20uM, and 40 uM) or both for
72 h. After 72h, the inhibition effects were calculated as percentages (Table 3.4). The
combination index data revealed that MC013 and carboplatin had no combinational effect

on resistant cells (Table 3.5).

Table 3.4: Growth inhibition % for the combinational treatment of MC013 and

carboplatin on carboplatin-resistant OVCAR-3 cells.

Carboplatin-Resistant OVCAR-3

Carboplatin
40 uM 20 uM 10 uMm 5uM 0uM
10 uM 90.56 82.73 78.11 74.83 60.67
5uM 87.95 74.82 56.33 42.84 57.70
MCO013
2.5 uM 90.38 77.58 59.56 37.33 35.51
ouM 88.23 66.12 53.01 41.71 25.63

Table 3.5: Combination index values for the combinational treatment of MC013 and

carboplatin on carboplatin-resistant OVCAR-3 cells.

Carboplatin-Resistant OVCAR-3

Carboplatin
40 uM 20 uM 10 uM 5uM 0pM
10 uM 1.05 1.05 1.04 1.03 1.17
5uM 1.08 1.15 1.42 1.76 1.19
MCO013
2.5uM 1.02 1.01 1.17 1.67 1.47
ouM 1.03 1.13 1.23 1.36 1.74
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Chapter 4:
DISCUSSION

High-grade serous ovarian carcinoma is the most common epithelial ovarian
cancer in women and also the deadliest one, characterized by limited treatment options
and a high mortality rate. Due to its chemoresistance profile and poor response to
conventional chemotherapy, it is essential to come up with new treatment options for the
treatment of HGSOC (Bowtell et al., 2015; Jayson et al., 2014). With this aim, the
discovery of new drugs that might be used in HGSOC therapy has gained great

importance.

In the literature, chalcones extracted from several medicinal plants were shown to
have cytotoxic and anti-cancer activities against several tumor types at nM or uM
concentrations (Constantinescu & Lungu, 2021; Constantinescu & Mihis, 2022). Besides,
most of the studies revealed that chalcones are easy to synthesize in the lab and the
modification of their main structure, which provides their activity, is also easy. In this
thesis, cytotoxic activities of newly synthesized 16 chalcone molecules (synthesized by
Michael Christodoulou and his research team at the University of Milano) were
investigated on human ovarian cancer cells. Their action on proliferation, cell cycle
distribution, colony formation ability, apoptosis profile, and DNA damage response of
ovarian cancer cells was further determined. Our main aim was to identify and
characterize novel chalcones that might be used as small-molecule inhibitors against
ovarian cancer. Accordingly, cell viability assay, cell cycle analysis, apoptosis assay,
caspase3-7 activation assay, DNA damage analysis through immunofluorescence, and
western blot analysis were performed to investigate their anticancer activity. Therefore,
as a result of these several investigations, we found out that especially 3 compounds
among all 16 chalcones demonstrated promising anticancer activities against primary,
carboplatin/olaparib-resistant, and established ovarian cancer cell lines, which proves that

further research is required.

Throughout this project, firstly, the cytotoxic activity of novel 16 synthetic

chalcones was investigated against a panel of four cell lines; three of them established
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HGSOC cells and one of them was a breast normal epithelial cell line. As shown in Table
3.1, MC013, MCO030, and MCO060 (Figure 4.1) showed strong cytotoxic activity against
ovarian cancer cells at mostly 10 uM concentrations while they were less cytotoxic to
breast normal epithelial cells, which makes them promising molecules as anti-cancer
therapeutics since any harm to normal cells is not be desired for targeted small molecule
inhibitors (Padma, 2015). Two of the chalcones were not cytotoxic to any of the cell lines
while the other 11 molecules were either effective to only one of the cell lines or not. This
data confirms that chalcones are easily modified and their anti-cancer activities can be
improved through structural changes as shown for MC013, MC030, and MCO060.
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Figure 4.1: Chemical structures of MC013, MC030, and MCO060.

Since MC013, MC030, and MC060 showed potent anti-proliferative activity
against high-grade serous ovarian cancer cells, their activities were further tested on an
enlarged panel of ovarian cancer cells consisting of primary cells obtained from a patient
diagnosed with HGSOC and chemoresistance ovarian cancer cell lines established in our
lab. As shown in Table 3.3, these selected compounds demonstrated high cytotoxicity
around 10-20 puM concentrations again but this time to ovarian cancer cells that were
more clinically relevant with their chemoresistance behavior and patient-derived profiles.

These results confirmed that their anti-proliferative activities and potential as anticancer
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therapeutics were high against several types of ovarian cancer cells with different origins,

thus they were selected for further investigation.

To further investigate the anti-proliferative activities of MC013, MCO030, and
MCO060 on HGSOC cells, a clonogenic assay was performed. Colony formation analysis
demonstrated that all 3 compounds significantly decrease the colony-formation abilities
of ovarian cancer cells in a dose and time-dependent manner. This data correlates with
our previous results showing their growth-inhibitory effects and also emphasizes the
promising role of selected chalcones as anti-cancer molecules. To further determine their
mechanism of action, the cell cycle profiles of ovarian cancer cells after each chalcone
treatment were observed. Cell cycle analysis through PI staining revealed SubG1/G1 cell
cycle arrest by selected chalcones in OVCAR-3 and OVSAHO ovarian cancer cell lines
especially at 48h time point, which supports the idea that these molecules induce
apoptosis in ovarian cancer cells. Cell cycle machinery is important for cells to control
their growth potential and any change in this mechanism may cause cells to proliferate
continuously, leading to several disorders including cancer. Cancer cells are characterized
by disrupted cell cycle mechanisms resulting in their continuous growth (Otto & Sicinski,
2017). Thus, the development of drugs playing roles in the cell cycle and prevent the
impaired cell cycle mechanisms of cancerous cells is very important in cancer therapies
(Bai et al., 2017). For instance, one of these drugs, paclitaxel, is one of the
chemotherapeutic drugs that is used in the first-line standard therapy for ovarian cancer
with platinum-based drugs. At high doses, it acts on the cell cycle through G2/M arrest
and prevents cell proliferation by eventually leading to apoptosis. At low doses, instead,
it induces apoptosis at GO/G1 phases (Kampan et al., 2015). Thus, in light of this
information, the effects of our selected molecules on the cell cycle of ovarian cancer cells
by leading to SubG1/G1 arrest confirmed their promising role as anti-cancer agents and
it was a significant finding to further investigate their anticancer properties and their role
in apoptosis induction of ovarian cancer cells. According to the findings we obtained
during the cell cycle analysis, the investigation of possible apoptosis induction of selected
molecules in OVCAR-3 and OVSAHO cells was decided. For this, MUSE Annexin-V &
Cell Death apoptosis assay was performed. The results revealed that all selected
compounds significantly increased the number of total apoptotic cells in OVSAHO and

OVCAR-3 compared to DMSO controls. These findings were correlated with the cell
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cycle analysis results and confirmed that selected chalcones induced cell death in high-
grade ovarian cancer cells through apoptosis. As a next step, the apoptotic pathway the
compounds act on was determined by analyzing the differences in the active/inactive
Caspase-3/7 populations in OVSAHO and OVCAR-3 cells. The results confirmed the
previous findings and showed that MC013, MC030 and, MC060 caused significant
apoptosis induction. Besides, caspase-3/7 activated cell populations were found to be
significantly increased after each chalcone treatment compared to DMSO controls, which
suggested that selected chalcones induced caspase-dependent apoptotic pathway in
OVCAR-3 and OVSAHO cells. Previous findings revealed that some synthetic chalcones
induced DNA damage in cancer cells by leading to the activation of stress-induced
apoptosis (Singh et al., 2014). Based on this information, we decided to investigate the
ability of selected chalcones to induce DNA damage in ovarian cancer cells and chose
OVCAR-3 as a model cell line against which selected chalcones showed higher cytotoxic
activity. Our results demonstrated that each of the chalcones significantly stimulated
DNA damage in OVCAR-3 cells respectively. All of these findings prompted us to
identify possible downstream signaling pathways which were targeted by chalcones. By
performing western blotting, changes in protein levels associated with apoptosis were
firstly investigated. Western blot analysis revealed that chalcones deregulated several
apoptosis-related proteins in OVCAR-3 cells, confirming their apoptosis induction. Our
results suggested that chalcone treatment induced caspase-3 and PARP-1 cleavage in
OVCAR-3 cells, which is a certain hallmark of apoptosis. After an initial signal comes
telling the cell to go through apoptosis, initiator caspases such as caspase-8 or caspase-9
activate downstream signaling cascades and eventually activate the effector caspases,
caspase-3 and caspase-7 by inducing their cleavage. Their activation also induces the
cleavage of PARP-1 and eventually results in apoptosis (Mcllwain et al., 2013; Chainya
et al., 2010). Thus, our results proved the apoptotic effects of selected chalcones at the
protein levels as well and also correlated with the previous results obtained from Annexin-
V and Caspase-3/7 apoptotic assays. We also confirmed the DNA damage induced by
chalcones by western blotting. Increased levels of yYH2A.X in OVCAR-3 cells treated
with chalcones also prompted us to investigate whether there were any changes in the
tumor suppressor protein p53 levels, which is the main regulator of stress-induced
apoptosis mechanisms (p53-induced apoptosis). The results revealed that OVCAR-3 cells
treated with selected chalcones demonstrated an increase in phosphorylated p53 (active
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p53) and Bax levels, and a decrease in CyclinD1 levels. Our findings suggested that as a
response to chalcone treatment, cellular stress and DNA damage were induced in
OVCAR-3 cells and possibly with the other stress-induced regulatory proteins (DNA
damage response), p53 (tumor suppressor) was activated as a response to this change. In
the literature, it was indicated that p53 has a role as an upstream regulator of Bax (Chipuk
et al., 2004). Based on this information and our results demonstrating Bax increase, in
OVCAR-3 cells, activated p53 possibly upregulated proapoptotic protein Bax which has
an important part in the mitochondria-dependent apoptosis pathway (Wang & Youle,
2009). Its upregulation induced its translocation from cytosol to the outer membrane of
mitochondria, which was a stimulator of downstream signaling cascades resulting in the
cleavage of caspase-3/7 first followed by the cleavage of PARP-1 as a last step (Finucane
etal., 1999). Meanwhile, activated p53 possibly downregulated cyclinD1, which is a cell
cycle regulatory protein and its deactivation resulted in SubG1/G1 cell cycle arrest
eventually causing apoptosis (Williams & Schumacher, 2016). This suggested
mechanism of action for selected chalcones was confirmed in this study by cell cycle
analysis, apoptosis assays, immunofluorescence, and western blot analysis. In addition to
this, chalcones were previously shown to act via the Akt pathway (Sahin et al., 2020). In
addition to this, PI3K/Akt signaling pathway is one of the main altered pathways
characterized in HGSOC, which is hyperactivated in a majority of cases. Its activation
promotes cellular survival and growth in cancer cells (Dobbin & Landen, 2013; Gasparri
etal., 2017). In light of this, the phosphorylated Akt levels in chalcone-treated OVCAR-
3 cells were investigated. Western results revealed that while there was no significant
change in p-Akt levels for MC030 and MCO013-treated cells, p-Akt decrease in MCO013-
treated OVCAR-3 cells was observed. This suggested that MC013 molecule might
decrease the hyperactivation of Akt in OVCAR-3 cells, resulting in the prevention of
cellular survival. As a last step, the effects of chalcones on the epithelial-mesenchymal
transition mechanism (EMT) in OVCAR-3 cells, which play an important role in
tumorigenesis, were investigated (Dudas et al., 2020). It is identified by decreased e-
cadherin levels and increased n-cadherin levels (Gravdal et al., 2007). Western blot
analysis revealed that e-cadherin levels in chalcone-treated OVCAR-3 cells were
significantly increased. This could be a preliminary result whose further investigation is
required, which might show that MC013, MC030, and MCO060 act on the EMT pathway

in OVCAR-3 cells by reversing its function back and decreasing their migratory potential.
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CONCLUSION

In the present study, novel chalcone molecules MC013, MC030, and MC060 were
identified as promising anti-cancer agents against high-grade serous ovarian cancer.
These promising results require further investigation and characterization of these

chalcones as therapeutic agents for ovarian carcinoma.

After the confirmation of apoptosis induction by these chalcones and the
investigation of their mechanism of action in ovarian cancer cells, their upstream action
mechanisms remain to be elucidated. The results demonstrate that chalcones have
important activity against cancer cells. However, further experiments including wound
healing, ROS assay, and in vivo experiments on ovarian cancer xenograft models are

necessary to confirm their anticancer properties.

Overall, this thesis gives primary information about the potential of novel

chalcone compounds as promising therapeutic agents in ovarian cancer treatment.
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