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ABSTRACT

BIOACTIVITY ANALYSIS OF NOVEL INDOLE DERIVATIVES ON
HEPATOCELLULAR CARCINOMA AS SIRTUIN INHIBITORS

Binarci, Biisra
Master of Science, Molecular Biology and Genetics
Supervisor : Prof. Dr. Mesut Muyan
Co-Supervisor: Dr. Deniz Cansen Kahraman

September 2021, 96 pages

Hepatocellular carcinoma is ruthless cancer, a subtype of primary liver cancer
and affects many people with various ethnic backgrounds and age intervals. Indole
derivative molecules are potent chemicals used in several drugs and target many
essential proteins malfunctioning multiple diseases. One of the targets of indole
derivatives is histone deacetylases (HDACs), which reverses histone acetylation
modifications that open DNA to lead transcription machinery to promote
transcription. This study screened 28 novel indole derivatives for their cytotoxicity
capacity against three different cancer types. Four of them were selected based on
the inhibitory concentration 50 (ICso) values and structure-activity relations. Then,
their targets were investigated with the DEEPScreen database and with molecular
docking studies. In silico studies predicted that the molecules might interact with
Sirtd, which is class 11l HDAC. For in vitro validation, the nuclear fraction of HCC
cells was used in Sirtuin enzymatic activity assays. After the validation, one of the
most critical targets of Sirtl, p53, which is also a vital tumor suppressor and
mutagenized in HCC, was investigated. As a possible mechanism of action of the
compounds, they could increase the acetyl-p53 level by blocking Sirtl and lead p53-
derived G1-mediated apoptosis in HCC cells.

Keywords: Sirtuin family, HCC, indole derivatives, anticancer activity
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INDOL TUREVI YENI SIRTUIN iNHiBITORLERININ HEPATOSELLULAR
KARSINOMA UZERINDE BiYOAKTIVITE ANALIZi

Bmarci, Biisra
Yiiksek Lisans, Molekiiler Biyoloji ve Genetik
Tez Yoneticisi: Prof. Dr. Mesut Muyan
Ortak Tez Yoneticisi: Dr. Deniz Cansen Kahraman

Eyliil 2021, 96 sayfa

Primer karaciger kanserinin alt siniflarindan olan hepatoselliiler karsinoma (HSK) farkli
etnik grup ve yas araliklarimi etkileyen agresif bir kanser tiiriidiir. Bir¢ok ilacin
yapitaslarindan olan indol tiirevi molekiiller hastaliklarin olusmasinda rol alan birgok
proteini hedefleyebilir. Indol tiirevi molekiillerin hedefleri arasinda histon deasetilazlar
(HDAC) da yer almaktadir. Bu enzim histon deasetilasyonunu saglayarak DNA
molekiiliiniin transkripsiyon mekanizmasina baglanmasini ve aktif hale gelmesini 6nler. Bu
calismada, 28 yeni iretilen indol tirevi molekiillerin 3 farkli kanser tiirline karsi
sitotoksisitesi arastirilmis ve en etkili olanlar1 se¢ilmistir. Se¢ilen molekiillerin olasi hedef
proteinleri DEEPScreen ve molekiiler kenetlenme g¢alismalar ile arastirilmis ve 3. Sinif
HDAC enzimi olan Sirtl proteininin olabilecegi saptanmustir. In silico ¢alismalarin
desteklenmesi i¢in HSK hiicrelerinin ¢ekirdek kisminda enzimatik aktivite deneyleri
yapilmustir. Ayrica, Sirtl’in hedefledigi, ayn1 zamanda HSK’de mutasyona ugramis 6nemli
tiimdr baskilayict protein p53 de ¢alisilmistir. Calisma sonunda, molekiillerin muhtemel
caligma prensibi olarak Sirtl enzimini bloklayip p53 proteini aktif hale getirip HSK
hiicrelerinde G1 fazinda tutuklama yaratip hiicrelerin apoptozuna sebep olabilecegi

saptanmistir.

Anahtar Kelimeler: Sirtuin protein sinifi, HSK, indol tiirevleri, antikanser aktivite
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CHAPTER 1

INTRODUCTION

Due to high incidence and mortality rates, a lot of people around the world suffer
from cancer. Hepatocellular carcinoma is also a ruthless cancer type that affects
many ethnic groups and age intervals. Apart from the mutagens, several metabolic
diseases such as NAFLD, cirrhosis and viral infections result in HCC, which puts
the illness at the center of many types of research. Targeted therapy is one of the
most powerful methods to survive cancer. Since proteins are functional elements in
a cell for various crucial processes such as proliferation, survival, immunity, etc.,
protein malfunctioning is the initial step to cancer in many cases. That is why
targeting a compromised protein to fix it or block it can be an opportunity to Kill

cancer cells.

This thesis studied bioactivities and the effects of novel indole derivatives on
hepatocellular carcinoma. For this purpose, newly synthesized indole derivative
small molecules were investigated for their cytotoxicity against hepatocellular
carcinoma cell lines. Indole derivatives are potent and promising candidates against
cancer with less toxic effects on patients. Previous studies show that these
compounds primarily target tyrosine kinases, estrogen receptors, topoisomerases,
NF«B/PIs/Akt/mTOR pathway, and HDACs. In addition, they also induce apoptosis,
regulate tubulin assembly to interfere with tumorigenesis (Devi et al., 2021).

Firstly all compounds were screened against Huh7, MCF7, HCT116 cancer cell
lines, and the most powerful ones were selected based on their cytotoxicity and
structure for future studies. The 1Cso concentrations and cytotoxicity of the molecules
were determined with SRB assay. Since these molecules were novel and their targets

were unknown, in silico screening for drug-target interaction estimation with the



selected molecules was performed with the DEEPScreen prediction algorithm.
Sirtuin proteins were promising with a high probability for interactions. The findings
were further investigated via AutoDock4 molecular docking software to estimate the
target of the molecules. The most promising result was Sirtl protein according to

DEEPScreen and molecular docking studies.

Further validation of the in silico effects in vitro with Sirtuin enzymatic activity
assay allowed us to hypothesize that these molecules might target Sirt1 to inhibit its
function. Sirtl is a class I1l HDAC, one of the favorite targets of indole derivatives,
and it is overexpressed in HCC patients, which were the main factors that
strengthened this hypothesis. Also, one of the targets of Sirtl, tumor suppressor
protein p53, was investigated. Sirtl deacetylases p53 to inhibit its function as tumor
suppression in cancer cells. Blocking Sirtl could elevate acetyl p53 level, which was

investigated via western blot experiments in this study.

Furthermore, with 1C100 concentrations, the real-time proliferation profile of
HCC cells was monitored with the RTCEs system. Cell death (specifically apoptosis)
mechanisms were studied with fluorometric methods, including Annexin V staining
on flow cytometry and Hoechst staining on the fluorescent microscope and in protein
level via Western Blot experiments. Lastly, cell cycle arrest was investigated via
propidium iodide staining on flow cytometry.



CHAPTER 2

LITERATURE REVIEW

21 HEPATOCELLULAR CARCINOMA

Hepatocellular carcinoma (HCC) is the fourth most common reason for cancer-
related deaths worldwide (Cancer Today, 2018.). The epidemiology, risk factors,
trends, molecular and phenotypic profiles of HCC have been resolved over the
past few decades. Unfortunately, although valuable progress in understanding HCC
has been made, the incidence and mortality continue to increase (Yang et al.,
2019).

2.1.1 Epidemiology

HCC is a subgroup of primary liver cancer, and it accounts for more than
80% of total primary liver cancer cases worldwide (Yang et al., 2019). The incidence
and mortality rates show variations in countries due to differences in demographic
features, exposure to risk factors, and healthcare sources of countries (Mcglynn et
al., 2015). The age of onset of HCC also varies over countries (J. W. Park et al.,
2015).

The survival rate of HCC varies over countries like other rates. One common
aspect of this disease is that the survival rate dramatically decreases when time

passes after the diagnosis. (Sarveazad et al., 2019).



2.1.2 Risk Factors

HCC develops when patients have chronic hepatitis B (HBV) and C (HCV)
viruses, alcohol abuse, metabolic liver diseases (NAFLD, cirrhosis, obesity),
exposure to toxins such as aflatoxins, aristolochic acid. Thus, each risk factor
contributes differently to the initiation and progression of HCC in patients (Yang et
al., 2019).

2.1.3 Pathogenesis of HCC

HCC pathogenesis involves several alterations affecting different molecular
pathways and cellular events (Ho et al., 2016). However, thanks to both
bioinformatic and wet-lab studies, the HCC metabolism and microenvironment have

been resolving.

2.1.3.1 Genomic Alterations

Copy number alterations are observed in the HCC genome as gains and losses
at several chromosomes according to whole genome and whole exome sequencing
of HCC samples (Kan et al., 2013) (Schulze et al., 2015) (Totoki et al., 2014). 27-
40% of HCC patients have a mutation in the -catenin gene, a proto-oncogene in
WNT signaling; it is also a putative driver for alcohol-related HCC (Ally et al.,
2017). In addition, 21-31% of HCC patients have a mutation in TP53 protein, a
master cell cycle regulator and a vital tumor suppressor protein (Ally et al., 2017).
Another genetic alteration observed around 60% of HCC patients are recurrent
somatic mutations in the promoter of TERT (Nault et al., 2013). This mutation is
mainly detected during the transformation of premalignant lesions formed in
cirrhosis into HCC (Nault et al., 2013). Among the risk factors of HCC, HBV is the

one that directly integrates its viral genome into the human genome and disrupts



tumor suppressors or enhances proto-oncogenes and accounts for nearly 50% of
HCC cases worldwide (El-Serag, 2011) (Lau et al., 2014).

2.1.3.2  Epigenetic Alterations

Misregulation of epigenetic mechanisms participates in HCC tumorigenesis.
Several non-coding RNAs, microRNAs, piRNAs have been identified in HCC
patients (Ma et al., 2014).

2.1.3.3  Altered Cell Signaling Pathways

Several cell signaling pathways have roles in HCC tumorigenesis, survival
and metastasis with their downstream and upstream effects inside the cell. In brief,
Wnt and Hedgehog signaling in differentiation and development, p53/p21 and RB1
signaling in genomic stability and cell cycle regulation, EGF/EGFR, HGF/MET,
IGF/IGFR, PIBK/AKT/mTOR and RAS/MAPK growth factor-related signaling in
cell survival, VEGF/VEGFR, PDGF/PDGFR and FGF/FGFR pathways in
angiogenesis, JAK/STAT signaling in cytokine production are very crucial pathways
that influence biological processes in HCC (Moeini et al., 2012) (Whittaker et al.,
2010) (X. Wu & Li, 2012)(Figure 2.1).



Figure 2.1: Schematic overview of signaling. Several cell signaling pathways with
their essential roles in HCC cancer cells are seen. (License number: 5125921445891)

214 Prevention and Treatment of HCC

For the prevention of HCC, the elimination of risk factors are essential. For
HBV and HCV infections, HBV vaccines are available. (Chang et al., 2016). Apart
from chronic hepatitis, metabolic disorders are also risk factors for HCC. Pursuing a
healthy lifestyle is a powerful strategy to keep the body healthy and free of metabolic
disorders. Avoiding excessive alcohol, fast food consumption and smoking,
minimizing dietary aflatoxin exposure, and spending time in exercising are very
efficient ways to prevent liver injury due to fatty liver, leading to HCC (Patel et al.,
2017) (Liu et al., 2012).

If HCC is not prevented, several treatment methods are followed, including
surgical resection, liver transplantation, local ablation of tumor tissue, transarterial
embolization, and radiotherapy (Yang et al., 2019). Additionally, there are systemic
pharmacological treatment protocols available for the treatment of advanced-stage
HCC patients. Sorafenib (small-molecule multikinase inhibitor), lenvatinib

(multikinase inhibitor), cabozantinib (tyrosine kinase inhibitor), ramucirumab



(antiangiogenic) and nivolumab (immune checkpoint inhibitor) are some of the
successful drugs that improve the survival of HCC patients (Yang et al., 2019).

2.2 EPIGENETICS

DNA is not kept in its linear state; instead, it is compacted into chromatin
structures with nucleosomes formed from histones (Chen et al., 2014). Because of
the compactness, transcription machinery cannot find a place to bind to DNA.
Therefore, chromatin packages should be regulated to regulate gene transcription.
This regulation is performed by epigenetic mechanisms that are inheritable gene

expression changes without altering the DNA sequences (Chen et al., 2014).

2.2.1 Epigenetic Modifications

To coordinate gene expression, chromatin structure is remodeled with
epigenetic modifications: DNA methylation, histone covalent modifications, and
ncRNASs. These modifications build epigenetic codes modulating gene expression
unique to cell types, differentiation stages and diseases (Sharma et al., 2009). In the
scope of this study, only histone modifications, specifically histone acetylations, will

be emphasized.

2.2.1.1 Histone Modifications

N-terminals of histones extend out of the nucleosome core, and the amino
acids of the terminals can easily undergo covalent modifications: methylation,
acetylation, sumoylation, ubiquitination, and phosphorylation (Bannister &
Kouzarides, 2011). Individually or in combination, these covalent modifications
regulate gene expression. The modifications are performed via enzymes. For histone
acetylation, histone acetylases are utilized, which use acetyl-CoA as a cofactor and

transfer the acetyl group to lysine amino acids on histone N-terminal tails for
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acetylation. With acetylation, initially positively charged lysine groups are
neutralized and even become negative. Since DNA is also negatively charged,
acetylation event weakens the interactions between DNA and histones, making DNA
more prone and available to let transcription factor binding and gene expression
(Bannister & Kouzarides, 2011). HDACs, reverse this action and lead DNA to be
more compact to interfere with gene expression. HDACs are composed of 4 different
classes, and class 11l HDACs (Sirtuins) is the main topic within the context of this

study.

2.3  SIRTUINS

Sirtuins are homolog of yeast Silent Information Regulators 11 (Sir2), and
they use NAD™ as a cofactor for deacetylation events. Humans have seven isoforms
of sirtuins (Sirtl to Sirt7) with different functions and various cell locations. Because
of their connection to cancer, sirtuins are valuable therapeutic targets for cancer

treatment strategies (Y. Wang et al., 2019).

2.3.1 Functions and localization of Sirtuin isoforms in human

Sirtl, Sirt6, Sirt7 mainly locate in the nucleus; Sirt3, Sirt4, Sirt5 are found in
mitochondria, and Sirt2 is primarily in the cytoplasm. However, these locations can
be tissue or cell type-specific and vary from cell to cell (Tanno et al., 2007). Although
their localization differs, all Sirtuins share a common NAD™ binding catalytic
domain where deacetylation events occur. Via the catalytic domain, acetyl groups of
proteins are transferred to ADP-ribose, and the deacetylated product is released (Liou
etal., 2005) (Figure 2.3.1).
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Figure 2.3.1: Schematic representation of deacetylation function of Sirtuins.

2.3.2 Sirtuin isoforms and diseases

Over the past few years, many studies reported that Sirtuin activity regulates
various biological activities related to disease and the health status of life. Most
importantly, several Sirtuin isoforms have roles in cancer and can be used as

potential therapeutic targets for cancer treatment.

2.3.21 Sirtl

Sirtl is the most well-studied member of the Sirtuin family in the nucleus and
mainly involves mechanisms and diseases such as stress response, apoptosis, gene
stability, cancer, and cardiovascular diseases by regulating acetylation status of NF-
kB, FOXO1, HIFla, p53 and Ku70 (Y. Wang et al., 2019). Sirtl deacetylation
prevents the tumor suppressor role of p53, which suppresses apoptosis in cancer cells
and for this reason, some Sirtl inhibitors are used to activate p53 function for
anticancer activity (Heltweg et al., 2006). Likewise, Sirtl deacetylation blocks
FOXO protein family transcription, thereby FOXO-dependent apoptosis pathways
in cancer cells (Brunet et al., 2004). Ku70 is also an essential protein that functions
in DNA repair, and differently, Sirtl deacetylation enhances Ku70 DNA repair



activity and participation in Bax-mediated apoptosis (Jeong et al., 2007).
Deacetylation of NF-kB by Sirt] sensitize cells to TNFa-induced apoptosis (Yeung
et al., 2004). This paradox is always with Sirtuins; while they can be pro-apoptotic,
they can be anti-apoptotic simultaneously. Likewise, while promoting cancer by
blocking p53 tumor suppressor activity, they can prevent cancer by developing

genome stability with Ku70 deacetylation.

2322  Sirt2

Sirt2 localizes in the cytoplasm, and its main target is a-tubulin. a-tubulin
deacetylation plays a role in the differentiation of oligodendrocytes, mainly found in
glial cells in the central nervous system; that is why Sirt2 is primarily related to
neurodegenerative disorders (Sakai et al., 2015). Also, Sirt2 deacetylases H4K16
histone, which regulates the cell cycle's G2 to M phase transition. Therefore, if Sirt2

is overexpressed in a cell, it delays the exit of cell division (VVaquero et al., 2006).

23.23  Sirt3

Sirt3 locates typically in the nucleus; however, when cells are under stress,
Sirt3 goes to mitochondria to take action (Osborne et al., 2014). Thus, Sirt3 has a
role in extending cell life by regulating cellular energy metabolism and removing
ROS in mitochondria (Someya et al., 2010). Additionally, Sirt3 is found to be
downregulated in many cancers such as breast, prostate, and hepatocellular
carcinoma, suggesting that activation of Sirt3 may have anticancer effects for those
cancers (Kim et al., 2010).

Unlike Sirtl-2-3, Sirt4-5-6-7 has less deacetylation function, and their

mechanisms are still under investigation.
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24  SIRT1 AND HEPATOCELLULAR CARCINOMA

One class 11 HDAC (Sirtuin) family member is Sirt1, which is overexpressed
in HCC patients and cell lines (Al-Bahrani et al., 2015). Sirtl overexpression can
influence the activity of tumor suppressors and oncogenes that directly affect HCC
progression.

24.1 Sirtl overexpression promotes HCC metastasis

Sirtl deacetylation function regulates EMT-related genes such as Snail and
Twist (Palmirotta et al., 2016). Sirtl deacetylation directly increases the activity of
those EMT genes, promoting metastasis and invasiveness of HCC (Hao et al., 2014).
Additionally, Sirtl regulates HCC metastasis via PGC-1a protein. PGC-1a is a
transcriptional coactivator that has a role in mitochondrial biogenesis and respiration.
Also, PGC-1a is the direct target of Sirtl, and PGC-1a activation by Sirt] promotes
mitochondria biogenesis which alters energy metabolism and metastasis capacity of
HCC (Li et al., 2016).

2.4.2 Sirtl overexpression decreases survival of HCC

Patients who have a higher Sirtl level have less chance of survival from HCC.
Sirtl level is also related to tumor size, and in advanced HCC, Sirtl level is higher.
However, there is a controversial situation for Sirtl and HCC; in a healthy state, Sirtl
expression protects the body from malignancies. Therefore, it suggests that Sirtl is
beneficial for a healthy state and does not initiate HCC; however, when the tumor

starts, Sirtl changes its role (Farcas et al., 2019).
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243 Sirtl in cell growth and proliferation of HCC cell lines

When Sirtl is silenced, inhibition of HCC cell line growth and cell cycle
arrest (at G1 phase) is observed in one study (Choi et al., 2011). The acetylation
status of p53 tumor suppressor protein with the regulation of Sirtl deacetylation
activity is involved in the mechanism of HCC cell survival. Sirtl deacetylates and
inactivates the tumor suppressor function of p53 upon DNA damage (Figure 2.4.1).
Another study found that AMPK is downregulated in HCC cells. If AMPK is
induced, it inhibits the deacetylation activity of Sirtl, which in turn increases
acetylated and active p53 compared to control groups. Therefore, HCC cell growth
is arrested at the G1 phase triggering apoptosis (Lee et al., 2012). That is why p53,
one of the main targets of Sirt1, is a critical mediator for poor HCC cell survival due

to overexpressed Sirtl.
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Figure 2.4.1: Sirtl and p53 role in HCC proliferation. (License number:
5125930560322)

2.4.4 Sirtl inhibition has an antitumor effect on HCC

Because of the tumor-promoting effects of Sirtl expression in HCC, there are
therapeutic approaches to inhibit Sirtl from defeating HCC. Knockdown studies
have shown that HCC proliferation regresses in vivo and in vitro (Portmann et al.,
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2013). Sirtuin modulators mainly target Sirt1 since it is the most well-studied Sirtuin
member, and also, Sirtuin families are conserved for their catalytic domains. To
inhibit Sirtl activity, many inhibitors are developed to defeat related diseases (Hu et

al., 2014). Some Sirtuin inhibitors are listed below.

2.4.4.1 Dulcitol

Dulcitol is a natural product extracted from burning bush. Although its
targets are still under investigation, in one study, dulcitol induces apoptosis by
inhibiting Sirt1, which activates p53 tumor suppressor function in HepG2 cells (Lin
et al., 2020) (Figure 1.4.2).
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Figure 2.4.2: The mechanism of action of Dulcitol in HepG2 cells. (License
number: 5125930768604)

2.4.4.2  Nicotinamide and its analogs

Nicotinamide is the first drug that is developed to target Sirtuins. Itis

effective on leukemia and prostate cancer (Audrito et al., 2011; Jung-Hynes et al.,
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2009). Nicotinamides also inhibit HCC cell growth, induce apoptosis and increase
acetyl p53 level in the early stage (S. Y. Park et al., 2012).

2.443 EX-527

This selective Sirtl inhibitor is used as a drug for leukemia patients. For
HCC, it is shown that EX-527 increases apoptosis and decreases cell migration and

tumor growth both in vitro and in vivo (Farcas et al., 2019; Cea et al., 2011))

Many other Sirtuin inhibitors, such as Suramin, Tenovin and Splitomicin, are

not effective against HCC, yet protective for other diseases (Hu et al., 2014).

25 Indole derivatives in cancer

Indole is a heterocyclic compound, and thanks to its versatile structure and
relevance to many biologic elements, 80% of the therapeutic drugs contain this ring.
Many antibiotics (penicillin, streptomycin, etc.), antidepressants (i.e., imipramine),
diuretics (i.e., indapamide) and many more are heterocyclic moieties (Sachdeva et
al., 2020).

Indole rings are counted as a “privileged scaffold” since they can bind to
multiple receptors and proteins with high affinity. Therefore, they are preferable for
researchers to design multi-target molecules for cancer therapy (Sravanthi & Manju,
2016). Indeed, nearly 60% of the anti-cancer compounds contain heterocyclic rings
(Martins et al., 2015). Indoles can regulate DNA synthesis to control the proliferation
and apoptosis of tumor cells (S. Wang et al., 2016). Additionally, indoles can
influence the activity of the enzymes, which have a role in hepatitis viral replication,

lipogenesis and metabolism of hepatotoxic substances to protect the liver, which is
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essential to prevent HCC (S. Wang et al., 2016). Indole derivative compounds can
also induce apoptosis and cell cycle arrest in HCC (Hawash et al., 2021).

2.6 Bioinformatics in cancer research

Bioinformatics is the utilization of informatics in biological studies such as
cancer. With machine learning and artificial intelligence development, a natural
system with its environment can easily be mimicked in a computer environment.
Thanks to this improvement, invisible high-throughput data can be compared and
contrasted with control groups or within groups with high accuracy and precision.
The data could include drugs (drug banks), genes (gene banks), and proteins
(proteomics) and reveal relations between them. De nova drug to protein interaction,
stability, and affinity could be predicted and represented with an image via
bioinformatics (D. Wu et al., 2012).

CanSyL (Cancer Systems Biology laboratory) develops powerful databases
collaborating with various researchers and universities in Middle East Technical
University. CROssBAR is a database that comprehensively integrates large-scale
biological and clinical information to predict the connection between gene-protein,
gene-gene, protein-protein, drug-protein, drug-drug, gene-drug (CROssBAR Project,
n.d.). Additionally, DEEPScreen software, which is also utilized in this study, was
developed by the same group to predict drug-to-target interactions (Rifaioglu et al.,
2020).
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CHAPTER 3

MATERIALS AND METHODS

3.1 MATERIALS

3.1.1 Cell Culture Reagents

All cell culture reagents, including the media, PBS, and the compounds for the

treatment, were from different companies and are shown in Table 3.1.1.

Table 3.1.1: Cell Culture Reagents and equipment

Name Manufacturer Catalog no Storage
Biological B101-050-
Dulbecco’s Modified Eagle’s medium Industries 1A +4 °C
Fetal bovine serum Gibco™ 10270 -20 °C
Non-essential amino acids Lonza BE12-114E +4 °C
Penicillin/streptomycin Gibco™ 15140-122 -20 °C
Biological B101-104-
RPMI 1640 medium Industries 1A +4 °C
DMEM-F12 HyClone SH30023.01 +4 °C
L-glutamine Gibco™ 25030 -20 °C
Phosphate-buffered saline Gibco™ 14190 RT
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Trypsin-EDTA Gibco™ 25200 -20 °C

Dimethyl Sulfoxide (DMSO) Sigma-Aldrich  D2650 RT

Selisistat (EX-527) Selleckchem S7577 +4 °C

Doxorobicine DABUR 7AA015 +4 °C
Corning Life

Plates, cryovials Sciences (USA) RT
Costar

Serological pipettes, sealed-cap Corporation

polycarbonate centrifuge tubes (Cambridge) RT

3.1.2 Reagents for Cytotoxicity Assay

The reagents required for the SRB assay and real-time RTCESs experiments are
listed in Table 3.1.2.

Table 3.1.2: Reagents for SRB assay and RTCEs experiments

Name Manufacturer Catalog No  Storage
Trichloroacetic acid Sigma-Aldrich 27242 +4 °C
Sulforhodamine B Sigma-Aldrich 251403 RT
Tris-base Sigma-Aldrich 18524 +4 °C
E-plate 96 ACEA Biosciences 5232368001 RT
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For the SRB assay, washing steps were performed with a Clonefill washing
instrument (Genetix), and the absorbance values were read on the microplate reader
(BMG Labtech, SuperStar Nano).

RTCEs plates were placed on its platform on a real-time cell analyzer instrument

(ACEA Biosciences), and cell index values were obtained with the device.

3.1.3 Reagents for apoptosis detection and cell cycle analysis

Annexin V assay for apoptosis detection and propidium iodide staining for cell
cycle profiling was performed via novocyte flow cytometer (ACEA Biosciences).

Each experiment was performed with Kits (Table 3.1.3).

Samples stained with Hoechst 33258 fluorescent dye were observed under the
fluorescent microscope (Nikon elipse 5i with the ds-fi camera, Japan). The

experiment’s required equipment is seen in Table 3.1.3.

Table 3.1.3: Reagent required for apoptosis and cell cycle profiling studies.

Name Manufacturer  Catalog No storage
FITC Annexin V Apoptosis Detection Parmingen, BD 556547 +4 °C
MUSE Cell Cycle Kit Millipore MCH100106 +4 °C
Hoechst 33258 dye Sigma-Aldrich 33258 +4 °C
Coverslips Marienfeld RT
3.14 Reagents for western blotting

All the necessary solutions and materials for western blot experiments are shown

in Table 3.1.4.
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Table 3.1.4: Western blot reagents

Name Manufacturer Catalog No

Mini PROTEAN TGX Stain-Free Gels Bi-Rad 4568043-46  +4°C
Odyssey Blocking buffer (PBS) Li-cor 402-467-0973 +4 °C
Trans Blot Turbo 5X Transfer Buffer Bio-Rad 10026938 +4 °C

Trans Blot LF PVDF Membrane and

Filter Papers BioRad 1620260 RT
Trans Blot PVDF Membrane BioRad 1704156 RT
Bicinchoninic Acid Protein Assay Kit Sigma B9643 RT
Protease Inhibitor Cocktail Tablet Roche 5892970001 +4°C
PhosStop Tablet Roche 4906837001 +4°C
DTT Carlo Erba 3086612 RT
Bradford Reagent Sigma B6B916 +4°C
Bovine Serum Albumin Sigma AT906 +4°C
SuperSignal WestFemto ECL Thermo 34095 +4°C

Chameleon® Duo Pre-stained Protein
Ladder Li-cor 928-60000 -20°C

Chameleon® Vue Pre-stained Protein
Ladder Li-cor 928-50000 -20°C
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Trans-Blot Turbo 5X Transfer Buffer Bio-Rad 10026938 +4°C

10X Tris/Glycine/SDS (TGS) Running
Buffer Bio-Rad 161-0772 RT

Western Blot Running Tanks, transfer
tools Bio-Rad RT

The power supply for the running of the gels was from Bio-Rad. In the
chemiluminescent system, the images were taken with a C-Digit device (Li-cor). In
the fluorescent method, the images were taken with an Odyssey-CLx device (Li-
cor). The primary antibodies in the experiment are listed in Table 3.1.5, and the
secondary antibodies are in Table 3.1.6.

Table 3.1.5: Primary antibodies that were used in western blot.

Antibody Name Manufacturer Catalog No  Dilutions

PARP CST 9532S 1:500
p53 CST 9282S 1:1000
acetyl-p53 (Lys382) CST 2525S 1:100
Sirtl Santa Cruz sc-15404 1:500
calnexin CST 2679S 1:2000
B-actin CST 4967 1:2000
HDAC1 Santa Cruz sc- 81598 1:1000
GAPDH ProteinTech 60004 1:10000
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Table 3.1.6: Secondary antibodies that were used in western blot

Antibody Manufacturer | Catalog | Dilution | Method
no
Anti-rabbit Sigma A6154 1:5000 chemiluminescent
Anti-mouse Sigma T7782 1:5000 chemiluminescent
800CW anti-rabbit | Li-cor 32211 1:20000 | fluorescent
680RD anti-rabbit | Li-cor 68071 1:20000 | fluorescent
3.1.5 Reagents for the Sirtuin mechanism related experiments

For the Sirtl ELISA experiment, SIRT1 Human SimpleStep ELISA Kit
(ab171573) was used. For the enzymatic activity assay, Universal Sirt Activity Assay
Kit (ab156915) was utilized.

3.1.6 General Reagents

Most of the chemicals and reagents used in the experiments are listed in Table 3.1.7.

Table 3.1.7: Chemicals used in the experiments

Name Manufacturer  Catalog No storage
Acetic Acid Sigma 27725 RT
Ethanol Sigma E6133 RT
Methanol Carlo Erba 41272 RT
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Isopropanol Sigma 34863 RT

Tween 20 Millipore 9005-64-5 RT
Sodium Dodecyl Sulfate Bioshop 56-40-6 RT
Glycine ACROS Organics 50-01-1 RT
Glycerole Sigma G9012 RT
NaCl Applichem A4555-0250 RT

3.2  SOLUTIONS AND MEDIA

3.2.1 Cell Culture Solutions

DMEM growth medium 10% Fetal Bovine Serum (FBS),
100 units/ml
Penicillin/Streptomycin, 2 mM
L-Glutamine, 1% non-essential

aminoacids

RPMI 1640 growth medium 10% Fetal Bovine Serum (FBS),
100 units/ml
Penicillin/Streptomycin, 2 mM

L-Glutamine

DMEM- F12 growth medium 10% Fetal Bovine Serum (FBS),
100 units/ml
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Freezing medium

3.2.2 SRB assay solutions

SRB stain

%10 TCA

10 mM Tris-Base (TBS)

Penicillin/Streptomycin, 2 mM
L-Glutamine, 1% non-essential
aminoacids, 20 ng/ml EGF, 10
ug/ul insulin, %2,5

Hydrocortisone

10% DMSO in Fetal Bovine
Serum (FBS)

SRB stain was dissolved in 1%
acetic acid as %0.4 w/v

100% TCA was diluted with
cold ddH20

Tris was dissolved in cold
ddH20 as %0,12 w/v

3.23 Western blotting and protein extraction solutions

1X PhosStop

23
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1X Protease Inhibitor Cocktail

NP-40 lysis buffer

10X Phosphate buffer saline (PBS)

10X Tris buffered saline (TBS)

TBS-T

BSA Blocking buffer
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1 tablet of protease inhibitor
cocktail was dissolved in 1 ml
ddH20

150 mM NaCl, 50 mM TrisHCI
(pH=8), 1% NP-40, 0,1% SDS,
1X protease inhibitor cocktail,
1X phosphoStop in ddH20

80 gr NaCl, 2 gr KCI, 14.4 gr
NaxHPOg4, 2.4 gr KH2PO4 were
dissolved in 1 ml ddH.0; ph is
adjusted to7.2 or 7.4

12.2% (w/v) of Trisma base,
87.8% (w/v) of NaCl in 1 ml
ddH20, pH=7.6

0.1% Tween-20 was dissolved
in 1X TBS

5% (w/v) BSA in 0.1% TBS-T



1X Tris/glycine/SDS (TGS) running buffer

Semi-dry transfer buffer (for 1 L)

Mild stripping buffer (for 200 ml)

3.3 METHODS

3.3.1 In silico studies

10X TGS was diluted with
ddH:0, the final volume was
600 ml per 2 gels.

200 ml 5X Trans-Blot Transfer
Buffer, 200 ml EtOH, 600 ml
cold ddH»0

1.5 g Glycine, 0.1 g SDS, 1 ml
Tween 20, 100 ml ddH:0,
adjusting ph to 2.2

3.3.1.1 DEEPScreen Drug-Target Predictions

First, as a query, SMILES form of the compounds (Table 3.3.1) are submitted to

DEEPScreen, which converts them to 2-D images and learns complex features from

these representations with deep convolutional neural networks. Then the software

facilitates these properties to discover unknown drug-target interactions (Rifaioglu

et al., 2020). The information related to the proteins (targets) comes from the curated

bioactivity data. The highly optimized software has a sophisticated algorithm to

include positive, negative, and internal controls to provide the best predictions.

ChEMBL identity numbers given in Table 3.3.1 were used in the predictions.
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Table 3.3.1: Identity of the inputs used in DEEPScreen

Targetname | ChEMBL Id*

Sirtl CHEMBL4506

Sirt2 CHEMBL4462

Sirt3 CHEMBLA4461

Compound Canonical Smiles**

name

EK-79 Cnlc2ccecec2cclclnne(n1Celceececl)SCeleec(ccl)C(F)(F)F
EK-99 Cnlc2ccecc2eclclnne(nlCeleccecl)SCeleec(ccl)OC(F)(F)F
EK-101 Cnlc2cccec2eclclnne(nlcleccecl)SCeleec(ccl)C(F)(F)F
EKK-115 Cnlc2ccecc2eclclnne(n1CCeleccecl)SCeleec(ccl)C(F)(F)F

*Extracted from ChEMBL database (https://www.ebi.ac.uk/chembl/)

**Created with Open Babel GUI software

3.3.1.2

Molecular Docking Studies

For Sirtl protein, PDB id= 4i5i; for Sirt2 protein, PDB id; 4rmg were used.

From the 4i5i PDB file, the atomic coordinates of EX-527 were removed. From the
4rmg PDB file, SirReal2 atomic coordinates were erased. The atomic coordinates for

NAD™ were kept in both files. Then files were loaded to AutoDock4 software, and
grid box centers were set to 12.336, -6.797, 23.362 for Sirtl docking studies, and -
13.855, -20.491, 0.664 for Sirt2 dockings. In all docking studies, grid points were
60,60,60 for x,y, and z, respectively. The spacing was 0.375 A°.

The 3D structure of the novel compounds was first created with ChemSketch

software and converted to a PDB file via Open Babel GUI software.
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http://www.ebi.ac.uk/chembl/)

3.3.2 Cell Culture and Treatment

HCT116, MCF7, Huh7, HepG2, Hep3B, Hep3B-TR, Mahlavu were maintained
in DMEM. SNU475 was held in RPMI 1640; DMEM-F12 medium was used for
MCF12A. All cells were incubated at 37°C in a humidified 5% CO2, 95% air
incubator.

Indole derivative compounds for the screening were synthesized at Gazi
University, Department of Pharmaceutical Chemistry (collaboration with Prof. Dr.
Sultan Baytasg). The compounds were dissolved in DMSO as 40 mM stocks

according to the formula below:

m
M=" n=1,502>M=M_m
v

v Mw

For the treatment, cells were seeded to the respective plates with optimized
numbers (Table 3.3.2.1 and 3.3.2.2). After 24 hours from the seeding, media was
removed, and cells were washed with 1X PBS. New media with the compounds was
added to cells. Vehicle control/negative control cells were treated with only DMSO
(final concentration does not exceed %0.2 v/v). Cells in the positive control group
were treated with commercial SIRT1 inhibitor EX-527 or doxorubicin.

Table 3.3.2.1: Number of cells seeded to 96-well plates

Cell line Number of cells per well (96-well plate)
Huh7 2000 cell/well
SNU475 2000 cell/well
Mahlavu 1000 cell/well
HepG2 3000 cell/well
Hep3B-TR 2000 cell/well
Mcf7 2000 cell/well
HCT116 3000 cell/well
MCF12A 7000 cell/well
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Table 3.3.2.2: Number of Huh7 and SNUA475 cells seeded to different plates

12-well plate 6-well plate 100mm dish | 150mm dish
(cell/well) (cell/well) (cell/dish) (cell/dish)
Huh7 30.000 60.000 200.000 500.000
SNU475 20.000 40.000 150.000 375.000
3.33 General Cell Culture Techniques

3.3.3.1 Cell Freezing

The cells were precipitated via centrifuge, at 1800 rpm, for 5 minutes. Then,
the supernatant was discarded, and the pellet was resuspended in a freezing medium
(1 ml/10° cells). The suspensions were transferred to cryovials, which were stored at

-80° then in liquid nitrogen.

3.3.3.2  Cell Thawing

The frozen cells were taken from liquid nitrogen and heated at 40° for 2-3
minutes in the water bath. Then the freezing medium was diluted via the respective
medium of the cell of interest, and it was removed with centrifugation at 1500 rpm,
for 5 minutes, at +4°. The next day, the cells were checked, and if they were confluent
enough, they were passaged; if not, the medium was changed to remove dead and

unattached cells from the environment.

3.3.3.3  Cell Passaging

When cells reached 80-90% of confluency within 3-4 days, a portion of the

cells (1:20 to 1:5 depends on confluency) were passaged to new dishes for
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continuous growth. First, the old medium was aspirated, and plates were washed with
1X PBS to remove all medium remainings. Then the adequate amount of trypsin to
cover the surface of the dishes was added and incubated for 2-3 minutes at the
incubator to detach cells. After that, the respective medium was added to stop trypsin
activity, and cells were resuspended in their medium. According to passaging

dilution, the corresponding portions of cells were seeded into new dishes.

3.34 NCI-60 SRB assay

Huh7, SNU475, Mahlavu, HepG2, Hep3B-TR, Mcf7, HCT116 and MCF12A
cells were seeded in triplicates to 96-well plates (Table 3.3.2.1) in 150 ul media.
After 24 hours, the medium was refreshed, and the compounds dissolved in DMSO
were applied as 40 uM, 20 uM, 10 uM, 5 uM, and 2.5 uM concentrations. DMSO
was also used with the same concentrations as vehicle control. After 72 hours of
incubation with the compounds, the medium was removed, and wells were washed
with 1X PBS. Then, cells were fixed with 50 pl of 10% TCA and kept at 4°C in the
dark for 1 hour. TCA fixation was ended by washing wells with ddH20 four times.
Wells were stained with 50 pl of 0.4% SRB dissolved in 1% acetic acid solution for
15 minutes in the dark at room temperature. After the staining, wells were washed
with 100 ul of 1% acetic acid. SRB dye was solubilized in 10 mM Tris-base (pH=8)
for 15 minutes on the shaker at room temperature. Absorbance values were obtained
at 515 nm with a microplate reader. Values were normalized against DMSO treated
wells to detect the growth inhibition percentage of the compounds for each
concentration, and ICso concentrations were determined using the concentration

versus percent inhibition curves generated.

3.3.5 Real-time Electronic Sensing (RTCEs) for Cytotoxicity testing

Huh7, HepG2, Mahlavu, SNU475 and Hep3B-TR cells were seeded in triplicates

in 100 pl media (Table 3.3.2.1) to E-Plate 96 plates which were placed on
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xCELLigence station in 5% CO2 at 37 °C incubators. The cell index (CI) values
were recorded every 30 minutes. After 24 hours, the medium was refreshed with 100
ul of the medium containing ICsp and 1C100 concentrations of the compounds and
DMSO. ClI values were recorded every 30 minutes for 72 hours to observe the real-
time response of the cancer cells to the compounds.

3.3.6 Apoptosis Detection

3.3.6.1  Annexin V assay

When cells undergo apoptosis, phosphatidylserine residues flip to the
extracellular environment from an intracellular place. Annexin V can stain these
extracellular phosphatidylserine residues to measure apoptosis. Huh7 and SNU475
cells were seeded to 6-well plates(Table 3.3.2.2). After 24 hours, the old medium
was refreshed with new media containing an IC10 concentration of the compounds.
After 24 hours of treatments, all the attached and detached cells were collected and
resuspended with Annexin V Apoptosis Detection kit’s 1X assay buffer as 100 pl
per 10° cells. Then kit’s protocol was followed to detect early and late apoptotic cells

on flow cytometry.

3.3.6.2 Immunohistochemistry Staining with Hoechst 33258

fluorescent dye

Huh7 and SNU475 cells seeded with coverslips (Table 3.3.2.2). The next day,
the medium was refreshed, and the 1C100 concentration of the compounds was given
to cells on the coverslips. After 12,24,36,48, and 72 hours of treatment, the media
were aspirated, wells were washed twice with 1X PBS, and cold 100% Methanol
was added to the cells for fixation. Cells were fixed and permeabilized for 10

minutes. Then methanol was removed, and cells were washed with 1X PBS twice.
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For the staining, Hoechst 33258 (300 pg/ml) was prepared as a 1 pg/ml stain (%v/v)
in 1X PBS (400 pl/well). After 5 minutes of incubation with the dye at room
temperature and at dark, ddH2O was used for washing. Then for the destaining
process, the wells were incubated with ddH20O at dark, at room temperature for 10
minutes. Finally, coverslips were mounted on slides with a tiny drop of glycerol to

visualize stained nuclei under the fluorescent microscope.

3.3.7 Cell Cycle Analysis with Propidium lodide Staining

Huh7 and SNU475 cells were seeded to 6-well plates (Table 3.3.2.2). After 24
hours, the old media were refreshed with new media containing the I1Ci00
concentration of the compounds. After 24 hours of the treatment, all the attached and
detached cells were collected, and pellets were fixed with 1 ml cold 70% EtOH on
the vortex. After at least 3 hours of fixation at -20°, EtOH was removed by diluting
it with cold PBS and centrifugation at 2000 rpm, 5 minutes, +4°. Then, fixed cells
were stained with the propidium iodide solution as 200 ul per 10° cells. The
manufacturer's protocol was followed for the analysis (MUSE Cell Cycle Kit,
Millipore, MCH100106).

3.3.8 Western Blotting

3.3.8.1 Sample Preparation

Huh7 and SNU475 cells were seeded to dishes (Table 3.3.2.1). The next day,
the media were refreshed with the media containing ICi00 concentration of the
compounds 24 or 48 hours, depending on the proteins explored. The old media and
collected cells (scraped in 1X PBS on ice) were precipitated via centrifugation with
13.000 rpm, 6 minutes and at +4°. The precipitated cells were washed with cold 1X
PBS at 1800 rpm for 5 minutes centrifugation.
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3.3.8.1.1 Crude Protein Extraction

The 1X PBS was aspirated, and according to the pellet volume, 20 to 100 ul NP-
40 lysis buffer was used for resuspension. The pellets were incubated on ice for 45
minutes and every 10 minutes intervals; samples were on vortex to speed up the lysis
process. Then the proteins were collected via centrifugation at 14.000 rpm for 20

minutes at +4°. Extracted proteins were in the supernatant.

3.3.8.1.2 Nuclear and Cytoplasmic Protein Extraction

Nuclear Extraction Kit (ab113474) protocol was followed to separate

cytoplasmic proteins from nuclear proteins.

3.3.8.2  Protein Quantification

3.3.8.2.1 Bicinchoninic Acid (BCA) Assay

Bicinchoninic Acid Protein Assay Kit (B9643) was utilized to quantify
proteins isolated via crude protein extraction. A 25 ul sample was mixed with a 200

ul BCA working reagent (containing a 1:50 ratio of volumes from reagent A and

reagent B, respectively). The standard proteins were prepared as 2mg/ml,
Img/ml, 0.5mg/ml, 0.25mg/ml and 0.125mg/ml BSA protein (20mg/ml stock) by
ddH20 as diluent. ddH20 was used as blank as well. When the samples, standards
and blank conditions were added to 96-well microplate wells, the incubation with
the working reagent was performed at 37°C, for 30 minutes. After incubation, the
plate was read on 562 nm, blank absorbance value (OD) was subtracted from the
sample and standard OD, the standard curve was created with the standard proteins.

With linear regression, the equation was found (y=ax, a was the slope). Then OD
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values of the samples were used (as y in the equation) to determine their

concentration (x in the equation).

3.3.8.2.2 Bradford Assay

The concentration of the samples whose proteins were separated as nuclear and
cytoplasmic ones were determined with Bradford assay as suggested by the Nuclear
Extraction Kit’s protocol. For the Bradford assay, 5 pl of the samples were mixed
with 250 pl of Bradford reagent for the reaction. Standard proteins were prepared
the same as the BCA assay. All conditions with Bradford reagent were added to 96-
well microplates and incubated on the shaker, at dark, for 3 minutes at room
temperature. Then the absorbance values were read on 495 nm, and the

concentrations were calculated the same as in the BCA protocol.

3.3.8.3  Gel loading and Running

15 well or 10 well comb stain-free ready-to-use gels were used for Western Blot.
For 15 wells comb gels, 20 pg to 50 pg proteins in 12 ul; for 10 well comb gels, 40
ug proteins in 25 ul were loaded. Before sample loading to the wells, the mix of the
protein, DTT, loading dye was prepared and heated at 95°C for 7 minutes for
denaturation of the proteins. Then samples were spun down. The Bio-Rad system

was used for all Western Blot experiments.
Running was done for 30-40 minutes with 120V with TBS running buffer.

Two systems were utilized for western blot experiments, which are fluorescent
systems and chemiluminescent systems. For both the methods, cassette preparations,
gels, and running conditions were the same, but the ladder and loading buffers
differed. An autofluorescent ladder that can also be visible (Chameleon Duo, Licor)
was used in the fluorescent system. In the chemiluminescent system, a visible protein
ladder (Chameleon Vue, Licor) was utilized.
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3.3.84  Semi-dry transfer

In the fluorescent system, the low-fluorescent (LF) PVDF membrane; in the

chemiluminescent system, the PVDF membrane was used.

For the semi-dry transfer, semi-dry transfer buffer and Trans-Blot transfer
devices were utilized. First, the membranes were soaked in MetOH for 30 seconds
to activate them. Next, the transfer stacks were soaked into transfer buffer for 2
minutes. The membrane and gel were placed between two transfer stacks, and the

system was set to Trans-Blot.

3.3.8.5 Blocking

For the fluorescent system, LICOR’s Oddesy Blocking buffer (PBS) to the
membrane was added and incubated for an hour at room temperature or overnight at

+4°C with gentle shaking.

The same protocol was applied with %5 BSA in %0.1 TBS-T blocking buffer

to block the membrane in the chemiluminescent system.

3.3.8.6  Primary and secondary antibody incubations

For each system, the primary antibodies were prepared in their blocking
buffers. Only in the fluorescent method, %0.01 (v/v) Tween20 was added as well.
Primary antibody incubation was performed for 2 hours at room temperature or
overnight at +4°C with gently shaking. When incubation was over, if the fluorescent
system was utilized, three times washing (5 minutes per each) with %0.1 TBS-T,;
and if the chemiluminescent procedure was followed, five times washing (5 minutes
X2, 10 minutes, 5 minutes X2) with %0.1 TBS-T with the agitation was done.

For the chemiluminescent system, HRP-conjugated anti-mouse or anti-rabbit

secondary antibodies were used in its blocking buffer. Fluorescently conjugated anti-
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rabbit or anti-mouse secondary antibodies were prepared in its blocking buffer with
%0.1 Tween and %0.02 SDS in the fluorescent system. The incubation time for the
secondary antibodies was an hour at room temperature with gentle shaking.
Fluorescent antibodies were incubated in the dark. The washing steps were the same

as the previous one.

3.3.8.7 Visualization of the membranes

In the chemiluminescent system, the membranes were incubated with ECL
substrate (reagent A and reagent B as a 1:1 volume) in the dark for 5 minutes. After

incubation, the membranes were visualized.

3.3.8.8  Stripping

In the chemiluminescent system, if necessary, the membranes were stripped
for re-incubations. After the image was taken, ECL-substrate was removed by
rinsing the membrane with ddH2O. Then the membrane was stripped in mild
stripping buffer for 15 minutes with agitation. Finally, the membrane was washed
with %0.1 TBS-T for 5 minutes 3 times, and blocking was done before the primary

antibody incubation.

3.3.9 Human Sirtl ELISA

Samples were prepared by seeding Huh7 and SNUA475 to dishes (Table 3.3.2.2).
Since the basal level of Sirtl was investigated, no treatment was done, and cells let
to grow for 3-4 days. When cells reached confluency, they were scraped, and proteins
were isolated with Nuclear Extraction Kit (ab113473). Sirtl standard protein
(200ng/ml stock) was prepared as 200ng/ml, 100ng/ml, 50ng/ml, 25ng/mi
12.5ng/ml, and 6.25ng/ml. SIRT1 Human SimpleStep ELISA Kit (ab171573)’s

protocol was followed. ELISA plate was read at 450 nm. An S-shape standard curve
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was constructed, and the basal amount of Sirtl in Huh7 and SNUA475 cells was
calculated in the ng unit.

3.3.10 Enzymatic Activity Assay

Samples were prepared by seeding Huh7 and SNU475 to dishes (Table 3.3.2.2).
Cells were grown for 2-3 days without treatment. Then, they were scraped, and
proteins were isolated with Nuclear Extraction Kit (ab113473). Standards
(deacetylated histones in 50ng/ul stock) were prepared as 80ng, 40ng, 20ng, 10ng,
and 5 ng. Universal Sirt Activity Assay Kit (ab156915)’s protocol was followed,
and the plate read at 450 nm and 655 nm.

Inhibition calculations;
Firstly OD values at 655 nm were subtracted from OD values at 450 nm.
Then this formula was followed;

Inhibition % = 1 — (( Inhibitor Sample OD — NNC OD)/(No Inhibitor Sample
0D — NNC 0D))x 100%

NNC is the negative control that has no cofactor in it.
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CHAPTER 4

RESULTS

There were 28 newly designed and synthesized compounds to study. Firstly, their
general cytotoxicity against several cancer types was studied to select the most potent
molecules, considering their structure-activity relationships. Secondly, with the
selected molecules, their possible targets were predicted with in silico studies, and
the predictions were validated with in vitro methods in HCC. Lastly, the most potent
compounds' general cytotoxicity, their effect on HCC cell survival were investigated.

4.1 The selection of the most potent compounds

Although HCC cancer progression was the main focus, before going deep into
HCC, all 28 compounds were screened against colon, breast and HCC representative
cancer cell types to reveal their anti-cancer property. The cytotoxicity of the
compounds against HCC, breast cancer and colon cancer cell lines were assessed
with SRB assay, which is also used to calculate the 1Cso concentrations of the

molecules.

Calculated 1Csg values of the compounds were below 10 uM concentration yet;
some were not very effective with 1Csg values reaching 30-40 uM and more (Table
4.1). Based on the ICso values and structure-activity relationships, EK-79, EK-99,
EK-101 (leading compound) and EKK-115 were selected for further experiments.

Table 4.1: 1Cso (uM) values of novel indole derivatives on Huh7 (HCC); MCF7

(breast cancer); HCT116 (colon cancer) with NCI-60 SRB assay, after 72 hours
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than +£10% for each value. The experiments were performed as triplicates.
**Selected compounds based on the 1Cso values

*k*k,

The lead compound from which all other structures were derived.

4.2  Target predictions for the compounds

After the selection, DEEPScreen software was used to predict drug-target
interactions with high accuracy. Then, obtained targets were used in Autodock4
software to dock the potent compounds to the possible targets for further validation.
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Lastly, one of the small molecule inhibitors, whose target was found in DEEPScreen
results, was investigated for its similarity to the compounds.

4.2.1 DEEPScreen drug-target interaction predictions

The prediction study revealed that selected compounds might actively interact
with Sirtl and Sirt2 proteins from the Sirtuin family (Table 4.2.1).

The results have shown that EK-79, EK-99, EK-101, and EKK-115 are predicted
to interact with Sirtl and Sirt2 but not with Sirt3. Since the predictions' accuracy was
very high (more than %50), further in silico and in vitro analysis of these compounds
continued during the study (Table 4.2.1).

Table 4.2.1: The predictions from DEEPScreen analysis for the interactions

between Sirtl, Sirt2, Sirt3 and the novel indole derivatives

Compound Sirtl Sirt2 Sirt3
EK-99 Inactive

EKK-115 Inactive Inactive

Accuracy (%) %75 %385 %380

* Active: there is an active drug-target interaction
** Inactive: there is an inactive drug-target interaction (no interaction)

*** Accuracy: Performance of the prediction model, indicating the reliability of predictions.

4.2.2 Molecular Docking Studies with Autodock4

To further validate the DEEPScreen results, molecular docking studies have been
performed between EK-79, EK-99, EK-101, EKK-115 molecules and Sirt1-Sirt2
proteins. For molecular docking, AutoDock4 software was utilized (Morris et al.,
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2009). The estimated free energy for binding the compounds and Sirtl was
promising (Figure 4.1.2.1 and Table 4.1.2.1).

A. Docking of EX-527 to Sirtl, AG= -9.82




D. Docking of EK-101 to Sirtl, AG=-11.32 kcal/mol

3

NAD ’ Q \\ EK-101

BN

&\

.\ ,

g

\\\

Figure 4.2.2.1: Visualization of molecular docking of the compounds to Sirtl.
Docking of Sirtl to A. EX-527 B. EK-79 C. EK-99 D. EK-101, and E. EKK-115 in
the presence of NAD™ cofactor. (Figures created in Chimera 1.15 RC)

The .dlg file retrieved from each molecular docking process in Autodock4
provides estimated binding energy (AG) for the best docking pose between the
molecule and the target (Malmstrom & Watowich, 2011). The calculated binding
energy for the best docking pose was less than -7 (Table 4.2.2.1) for all the
compounds.
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Table 4.2.2.1: Estimated binding free energy of the docking of the compounds

to Sirtl
Compound Binding free energy
EK-79 AG= -11.44 kcal/mol
EK-99 AG=-7.12 kcal/mol
EK-101 AG=-11.32 kcal/mol
EKK-115 AG= -7.40 kcal/mol
EX-527 AG=-9.82 kcal/mol

The EK-79, EK-99, EK-101, and EKK-115 docking to the Sirt2 part is seen
in Figure 4.2.2.2.

A. Docking of SiReal2 to Sirt2, AG=-7.12 kcal/mol
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Figure 4.2.2.2: Visualization of molecular docking of the compounds to Sirt2.
Docking of Sirt2 to A. SiReal2 B. EK-79 C. EK-99 D. EK-101, and E. EKK-115 in
the presence of NAD" cofactor. (Figures created in Chimera 1.15 RC)

According to the best docking pose images (Figure 4.2.2.2) and free binding
energies (Table 4.2.2.2), the compounds interact with Sirt2 but are not as strong as
Sirtl (Table 4.2.2.1). DEEPScreen analysis revealed that EK-79, EK-99, and EK-
101 interact with Sirt2 with %80 accuracy (Table 4.2.1); however, it was not robustly

proved by molecular docking.
Table 4.2.2.2: The estimated free binding energies for molecular docking of the

compounds to Sirt2

Compound Binding energy
SiReal2 AG=-7.12 kcal/mol
EK-79 AG=-7.75 kcal/mol
EK-99 AG=-6.80 kcal/mol
EK-101 AG=-7.78 kcal/mol
EKK-115 AG=-6.68 kcal/mol
4.2.3 Structural similarity between the compounds and the positive

control

Since both DEEPScreen and Autodock4 results suggested the interactions of the
compounds to Sirtl with high confidence, further studies primarily focused on Sirt1-
related mechanisms. A positive control, EX-527 (Selisistat), as the Sirtl binding
molecule was selected in these studies. An online tool was utilized to reveal how the

potent compounds were structurally similar to EX-527

(https://chemminetools.ucr.edu/) (Backman et al., 2011). The compounds shared
approximately %25 of their chemical structure with EX-527 (Table 4.2.3). This

standard structure can be indole itself.
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Table 4.2.3: MCS Tanimoto coefficient within the compounds

EK-79 EK-99 EK-101 EKK-115
EK-79 1 0.72 0.77 0.72
EK-99 0.72 1 0.54 0.7
EK-101 0.77 0.54 1 0.55
EKK-115 0.72 0.7 0.55 1

EX-527

Structural similarity between the compounds and EX-527 revealed that the

molecules do not resemble chemically and structurally. However, discovering a
novel compound that does not have similarities is considered a possible advantage

in terms of its uniqueness in the mechanism of action.

4.3 In vitro validation of Sirtl targeting of the compounds

With the investigation and the determination of the compounds' target(s) via in
silico methods (Part 4.2), in this part, in vitro validation of the compounds targeting

Sirtl mechanisms is explained.

4.3.1 Localization of Sirtl in HCC cells

Sirtl mainly functions in nuclear compartments, yet, it can relocate itself to the
cytoplasm (Yanagisawa et al., 2018). To clarify the basal amount of Sirtl in the
nuclear and cytoplasmic regions of two representative HCC cells (Huh7 and
SNUA475), nuclear and cytoplasmic proteins were first extracted separately (Figure
4.3.1.1). In SNUA475 cells, extraction of nuclear and cytoplasmic regions was more
apparent (Figure 4.3.1.1B) than Huh7 cells (Figure 4.3.1.1A).
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Figure 4.3.1.1: The separation of nuclear and cytoplasmic proteins. A. Nuclear

(HDACTI) and cytoplasmic (B- actin) protein controls after the extraction of Huh7
cells. B. Nuclear (HDAC1) and cytoplasmic (B- actin) protein controls after the

extraction of SNU475 cells.
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Although the main compartmentalization of Sirtl is the nucleus, according to
ELISA results, the cytoplasmic fraction of both Huh7 and SNU475 cells contained
more Sirtl, which has a tumor-suppressive role in the cytoplasm of HCC cells (Mao
et al., 2014) (Figure 4.3.1.2). The localization of Sirtl was investigated in protein
expression level with the Western Blot experiment (Figure 4.3.1.2B). Thus, the two
works supported each other.

Additionally, one of the most crucial targets of Sirt1, which is the p53 acetylation
level, was observed with the Western Blot (Figure 4.3.1.2B). There was basal level
acetyl p53 in cancerous cells even in the presence of Sirtl (Figure 4.3.1.2B-C). The
acetyl p53 basal presence might be related to the other factors/proteins affecting

acetylation modification on p53.

The results might also be affected by the efficient nuclear-cytoplasmic
separations.
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Figure 4.3.1.2: Determination of the amount of nuclear and cytoplasmic Sirtl
level in HCC cells. A. In bar graphs, Sirtl amount (fold change according to Huh7-
nuclear Sirtl concentration) in Huh7 and SNUA475 cells was shown. Sirtl standard
curve for ELISA assay was shown on the left. B. The conformation of Sirtl level in
Western Blot experiment. C. The normalization of the intensities was done according

to loading controls.

4.3.2 Changes in HCC Sirtuin activity induced by the compounds

Universal Sirt Activity assay was utilized in the nuclear fraction of SNU475 and
Huh7 to examine how the novel compounds influence Sirtuin enzymatic activity. In
Huh7 cells, the inhibition capacity of EK-99, EK-101 and EKK-115 was robust in
the nuclear Sirtuins (Figure 4.3.2.1A). To further validate these results in protein
level, acetyl-53 expression was examined in the Western Blot experiment (Figure
4.3.2.1B). Acetyl-p53 increase in the presence of EK-99, EK-101, and EKK-115
compounds in Huh7 was similar to Sirtuin inhibition capacity (Figure 4.3.2.1).
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Figure 4.3.2.1: Investigation of the Sirtuin activity in Huh7 cells. A. Sirtuin

inhibition in the nuclear fraction of Huh7 cells.1C100 concentrations were used, and
nicotinamide was a positive control (n=2). B. Acetyl-p53 expression level upon the

compound treatments (IC100 concentrations, 48 hours) in the nuclear fraction of Huh7

cells.

In SNU475 cells, EK-79, EK-99 and EK-101 strongly inhibited nuclear

Sirtuin activity, even more than the positive controls (Figure 4. 3.2.2A). However,

acetyl-p53 was increased in all treatment groups up to 2 fold (Figure 4.3.2.2B).
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Figure 4.3.2.2: Investigation of the Sirtuin activity in SNU475 cells. A. Sirtuin
inhibition in the nuclear fraction of SNU475 cells. 1C100 concentrations were used,
and nicotinamide was a positive control (n=2). B. Acetyl-p53 expression level upon
the compound treatments (IC100 concentrations, 48 hours) in the nuclear fraction of
SNUA475 cells. HDAC1 was the nuclear loading control. Bar graphs indicate a
normalization of the expression level of acetyl-53 according to loading control.
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4.4  The cytotoxicity of the selected compounds against HCC

In this part, the cytotoxicity of the chosen four molecules with the positive
control was investigated. The potency of the molecules for interfering with HCC cell
survival was studied. In this scope, the profile of proliferation, cell death, cell cycle

of HCC cells was examined upon the molecules treatment.

4.4.1 Cytotoxic activity of the potent compounds against HCC panel

The positive control EX-527 and the compounds EK-79, EK-99, EK-101, EKK-
115 cytotoxicity were investigated against five different HCC cell lines.

The SRB experiments were repeated at different times throughout the study.
Table 4.4.1 represents the average of all the ICso values calculated from each SRB

experiment.

The concentrations were an indicator for the cytotoxicity against HCC cells. The
growth inhibition capacity of the molecules was also promising (Supplementary
Figure 1).

Table 4.4.1: 1Cso (uM)” values of selected indole derivatives on Huh7, SNU475,

Mahlavu, HepG2, and Hep3B-TR cells via SRB assay, after 72 hours treatment.

Compound Huh7 SNU475  Mahlavu HepG2 Hep3B-TR

EK-79 4.8 8.9 13.1 7.4 8.8
EK-99 2.0 9.3 10.5 6.7 3.4
EK-101 4.2 13.2 10.8 7.6 6.7
EKK-115 5.1 6.4 3.2 3.4 5.3
EX-527 3.4 13.0 21.3 141 24.3

“R?values were within the range of 0.75 to 0.99 for each value. The experiment was
performed as technical replicates and biological replicates.
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Apart from HCC cells, non-cancer MCF-12A cell viability was also studied as
negative control (Figure 4.4.1.2). The ICso concentrations of the compounds on

normal-like cells were much higher than the concentrations effective on cancer cells.

A. B.
1Cs0 (uM)
MCF-12A

100- EK-79 >40 uM

Bl EK-79

3 EK-99
50- B EK-101 EK-99 >40 uM

3 EKK-115

EK-101 | 29,0 uM

growth inhibition (%)

EKK-115 17,2 uM

-50

concentrations

Figure 4.4.1.2.: IC50 (uM) values of selected indole derivatives on non-cancer
MCF-12A cells A. Growth inhibition capacity of the compounds in 72 hours. B.
Calculated 1Cso (uM) concentrations in 72 hours (R?values were within the range of
0.9 to 0.99 for each value. The experiment was performed as triplicates.).

Huh7 and SNU475 cells were used as representative epithelial and
mesenchymal-like (H et al., 2009) HCC cells, respectively, for the following
experiments.

4.4.2 Real-time proliferation observation of HCC cells upon the

compounds

RT-CES technology was utilized to monitor real-time HCC cell proliferation,
treated with EK-79, EK-99, EK-101, and EKK-115. Compounds were given in
increasing concentrations determined based on the previously performed SRB
experiments for Huh7 and SNU475 cells. DMSO was used as a negative control to

compare proliferative activity to treatment groups in 72 hours. There was a
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significant growth inhibition of each HCC cell line upon the compound treatment
compared to DMSO (Figure 4.4.2.1).
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Figure 4.4.2.1: Real-time observation of the proliferation of HCC cells treated
with the selected compounds. HCC cell lines such as Huh7 (A), SNU475 (B),
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growth curves in 72 hours. The experiment was performed in triplicates, and the
results were represented as the average of all replicates.

Based on the percent inhibition vs. concentration curves generated from the
normalized cell index values of treatment and control groups (Figure 4.4.2.1), the
ICso doses for 72 hours were calculated. The results are shown in Table 4.4.2.
Compared to the SRB results, the 1Cso values calculated from the RT-CES
experiments were found more reliable. This is because the sensitivity and accuracy
of this system are much higher (eliminating technical-induced variance), unlike SRB

assay, which is cruder (R et al., 2012).

Table 4.4.2: The effective doses based on the real-time proliferation curves

ICs0 (based on RT-CES analysis)

Compound Huh7 SNUA475
EK-79 6.0 uM 9.5 uM
EK-99 3.6 uM 10.4 uM
EK-101 6.5 uM 152 uM
EKK-115 9.3 uM 14.1 uM

Mahlavu, HepG2 and Hep3B-TR cells also showed a similar response to the
compounds for cell proliferation (data not shown).

The cell proliferation profile of the treated HCC cells promisingly suggests that
the compounds induce cell death or cell cycle arrest in HCC cells. Therefore, further

investigations were focused on these two phenomena of cancer.

4.4.3 The morphological changes of the HCC cells upon the treatment

To monitor the appearance of the cells treated with the molecules, observations
under the light microscope were done for 12, 24, 36, 48 and 72 hours (supplementary

figures 2 and 3). For the treatment, the 1C100 doses considering the RT-CES analysis
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results were used. Since after 24 hours, cells start to dye or proliferate slowly, it was
set as the time point for further experiments.

4.4.4 Potential cell death mechanisms in HCC triggered by the

compounds

The apoptotic capacity of the indole derivatives for Huh7 cells was first
monitored with Hoechst 33258 staining. Nuclear blebbing is the form of fragmented
DNA that occurs at the end of apoptosis (In Fight against Cancer, a Closer Look at
Nuclear Blebbing -- ScienceDaily, n.d.) and can be observed with the staining.
Fragmented DNA and nuclear blebbing were observed with all the treatment groups
in 24 hours (Figure 4.4.4.1A). Representative images for the other time points are

given in supplementary figure 4.

Flow cytometric analysis was conducted to detect early and late apoptotic cell
proportions of Huh7 and SNU475 cells in response to the compounds. After 24 hours
of treatment of the cells, in Huh7 cells, EK-79, EK-99, and EK-101 compounds
increase the FITC positive cells by forcing the cells to apoptosis. (Figure 4.4.4.1B-
C). Doxorubicin is a well-known chemotherapeutic agent in HCC that induces

apoptosis and is used as a positive control.
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Figure 4.4.4.1: Investigation of cell death mechanisms in Huh7 cells. A. Hoechst
images of treated Huh7 cells for 24 hr. Nuclear blebbing was shown with yellow
arrows. B. Flow cytometry analysis of Annexin V assay, the concentration of the
compounds is 1Ci0, and treatment time is 24 hours. Q2-1 quadrant represents
propidium iodide (Pl)+/annexinVV- necrotic cells; Q2-2 quadrants represents
Pl+/annexinVV+ late apoptotic cells; Q2-3 represents Pl-/annexinV+ early apoptotic
cells; Q2-4 quadrant represents Pl-/annexinV- live cells. Images were representative
of 2 independent biological replicates. C. Statistical analysis Huh7 cells with

treatment and control group (n=2, Student t-test, p<0.05).

Western Blot experiment was also conducted to observe the expression of
apoptotic proteins in Huh7 cells. PARP is a family of proteins functioning in DNA
repair, genomic stability, and apoptosis. 89 kDa cleaved fragment of PARP is
catalytically active and has a role in apoptotic cell death (Chaitanya et al., 2010). In
Huh7 cells, EK-101 led to PARP cleavage similar to the positive control to trigger
apoptosis (Figure 4.4.4.2).
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Figure 4.4.4.2: Western blot analysis with apoptotic proteins in Huh7 cells. Cells
were treated with the 1C100 concentration of the compounds for 24 hours. Calnexin

is the loading control, and the bar graph represents the fold change.

The cell death response of SNU475 induced by the compounds was shown in
Figure 4.4.4.3 and supplementary figure 5. All of the compounds triggered SNU475
cells to undergo apoptosis. In addition to apoptosis, the EK-101 molecule caused

necrosis to the cells (Figure 4.4.4.3C).
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Figure 4.4.4.3: Investigation of cell death mechanisms in SNU475 cells. A.
Hoechst staining of treated SNU475 cells for 24 hours. B.Flow cytometry analysis
of Annexin V assay, the concentration of the compounds is IC10o, and treatment time

is 24 hours. Q2-1 quadrant represents propidium iodide (PI)+/annexinV- necrotic
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cells; Q2-2 quadrants represents Pl+/annexinV+ late apoptotic cells; Q2-3 represents
Pl-/annexinV+ early apoptotic cells; Q2-4 quadrant represents Pl-/annexinV- live
cells. B. Graphical representation of the annexin V assay of SNU475 cells with
treatment and control groups. C. Statistical test for apoptosis and necrosis (n=2,

Student’s t-test)

All compounds increased PARP cleavage in SNU475 cells (Figure 4.4.4.4).
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Figure 4.4.4.4: Western blot analysis with apoptotic proteins. Cells were treated
with the 1C100 concentration of the compounds for 24 hours. Calnexin is the loading
control, and the bar graphs represent the fold change of cleaved PARP expression

according to the negative control.

Overall, the compounds can stimulate cell death in the form of apoptosis or

necrosis.

4.4.5 Cell Cycle Profile of HCC cells upon the compound treatments

Previous parts proved that the compounds were cytotoxic to HCC cells,
decreased proliferation, or stimulated cell death. To examine whether this growth
inhibition was due to cell cycle arrest or not, cell cycle analysis with PI stain was
performed. In Huh7 cells, all the compounds led to significant G1 arrest compared

to DMSO negative control (Figure 4.4.5.1).
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Figure 4.4.4.1: Cell cycle analysis of the Huh7 cells by flow cytometry. A.
Representative flow cytometry images for Huh7 cells. B. Statistical test for analysis
of Huh7 with 24 hours treatment of the compounds (n=2, Student's t-test for G1
phase, p<0.05)

For SNUA475 cells, except for EK-99, all the molecules led to G1 arrest (Figure
4.4.4.2).
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Figure 4.4.4.2: Cell cycle analysis of the SNU475 cells by flow cytometry. A. The
flow cytometry images for SNU475 cells. B. Graphical representation for SNU475
cell cycle profile (upon 1C100 concentrations of the compound treatments for 24 hours
(n=2, Student's t-test for G1 phase, p<0.05)

According to these results, the selected indole derivatives were cytotoxic to cells and

inhibited the growth of HCC or led to cell death to interfere with the tumorigenesis.



DISCUSSION

5.1 Target Assessment

Discovering new compounds is essential for many researchers working in cancer
therapeutics because cancer is still difficult to cure in many patients. Due to the high
cost and labor-intensive nature of in vitro and in vivo experiments, it has become
crucial to use machine learning-based tools to predict the possible targets of novel
compounds in silico before revealing their mechanism of action. In this thesis, both
drug target prediction methods and in vitro experiments are utilized to study the

effects of novel indole derivatives on HCC cell lines.

These novel indole derivatives were synthesized by mimicking Sirtuin inhibitors.
With this knowledge from the synthesizer, Professor Sultan Baytas, we first checked
whether these molecules were cytotoxic to three representative cancer cell lines.
Indeed, the molecules effectively killed or inhibited the growth of colon cancer
HCT116, breast cancer MCF7 and hepatocellular carcinoma Huh7 cell lines with
acceptable ICso concentrations. Then, according to Sultan Baytas's consultant, they
were chosen to be potent based on their ICso values and structure-activity

relationships.

Further studies were performed with these selected molecules, which are EK-79,
EK-99, EK-101, and EKK-115. After investigating their anti-cancer property, the
DEEPScreen database was utilized to predict whether these selected molecules target
Sirtuin proteins. The molecules were predicted to interact with Sirtl and Sirt2 yet
Sirt3 in a computer environment with high accuracy. Sirtl, Sirt2, and Sirt3 catalytic
domains share 55% sequence similarity, and they arose from the same ancestor, as

seen in Figure 5.1.1.
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Figure 5.1.1: The alignment tree of all isoforms of the Sirtuin family. Among all
the seven isoforms, based on the sequence alignment of the catalytic domains, Sirt1,

Sirt2, and Sirt3 are more homologous than others (in red rectangle).

Although Sirtl, Sirt2 and Sirt3 resemble well, the DEEPScreen results hit
only Sirtl and Sirt2. It might be related to the difference of 45% in the catalytic
domains. Also, Sirtl and Sirt2 catalytic domains share 66.5% sequence similarity
(Figure 5.1.2); the compounds may fit best to the structure formed by this 66.5%

similar sequence.

Figure 5.1.2: Sequence alignment of catalytic domains of Sirtl and Sirt2. Yellow

regions belong to the sequence of catalytic domains.

Additionally, all of these selected molecules, EK-79, EK-99, EK-101, and
EKK-115, share 70% structural similarity, according to the ChemMine tool
(Backman et al., 2011). A similar core with an indole ring in the molecules can fit
the identical regions in catalytic domains of Sirtl and Sirt2. When the chemical
structure of the molecules is investigated in detail (Figure 5.1.3), it is remarkable that
they end up with —CFs radical, which can be important in the drug-target interaction.
Trifluoromethyl radical (-CF3) has unique chemical properties like increasing
acidity, lipophilicity and metabolic stability of the rest chemical structure, so it is

widely used in many drugs (Buwen et al., 2017).
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Figure 5.1.3: Chemical structures of EK-79, EK-99, EK-101, and EKK-115.
Trifluoromethyl radical (-CF3) is shown in red circles on the structures.

The selected molecules were docked to Sirtl and Sirt2 proteins for further
investigations to observe similar results with different in silico methods.
Surprisingly, when estimated free binding energies were obtained, only the molecule
docking to Sirtl protein was similar to the DEEPScreen results. According to
molecular docking studies via AutoDock4 software, Sirt2 can also interact with the
molecules; however, Sirtl data was more remarkable and robustly showed the
interaction in the computer environment. That is why only Sirtl was the main focus

for the further studies.

For in vitro validation of in-silico results, nuclear and cytoplasmic fractions
were extracted separately because the Sirtl level differs in these compartments,
targeting different proteins. The proteins were not strictly separated from nuclear and
cytoplasmic ones, specifically for Huh7 cells. The compounds may interfere with the
flexibility of the nuclear and cytoplasmic membranes or may change the expression
of the control proteins. When Sirtl levels are observed in these compartments, the
results are against the literature because Sirtl mainly locates itself to the nucleus.
However, Sirtl localization is dynamic; the moment of the extraction might give rise
to these results. Also, the efficacy of the separation of the compartments may affect

the results.

68



Nevertheless, since one of the main targets of Sirt1, p53, is an essential tumor
suppressor for HCC, and its compartment is primarily the nucleus, only the nuclear
regions of the samples were shown. Additionally, overexpression of cytoplasmic
Sirtl is related to more prolonged overall survival and tumor-suppressive effect in
HCC patients (Mao et al., 2014). Yet, the results for the cytoplasmic fractions were
not revealed. With total lysate, we would not clearly see the protein status in the
nuclear compartment; therefore, with the extraction, we enriched the nuclear proteins
of HCC cells.

According to Sirtuin enzymatic activity assay results, in Huh7 cells, EK-99,
EK-101, EKK-115 inhibit nuclear Sirtuins Sirtl, Sirt3, Sirt6 or Sirt7. Also, all the
molecules could increase the acetyl-p53 level, although not statistically proven. p53
is targeted only by Sirt1, not other sirtuin isoforms. Therefore, the compounds, which
gave similar results in the enzymatic activity assay and western blot experiment, may
claim that Sirtl activity is inhibited via the compounds EK-99, EK-101, and EKK-
115. Enzymatic activity is susceptible to environmental conditions; thus, the
compatibility of western blot experiments and the activity assays may differ. When
the docking and DEEPScreen results are revisited, EK-101 and EKK-115 were
predicted to interact with Sirtl, not EK-99. The incompatibility of these different
methods may also arise from our lack of knowledge of whether these molecules are
selective for Sirtl or interact with other targets. However, we might suggest that EK-
101 and EKK-115 were both in silico and in vitro predicted to interact and affect
Sirtl in Huh7 cells. For SNU475 cells, EK-79, EK-99, and EK-101 molecules block
nuclear sirtuins; all the molecules increase the acetyl-p53 level in this highly
aggressive cell line (with lack of statistical analysis), and the in silico results are
promising for EK-79 and EK-101.

5.2 Cytotoxicity Assessment

After dealing with the target investigation, the cytotoxicity of the selected

molecules was studied in HCC cells. These selected molecules were examined for
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their cytotoxicity on several HCC cells. The ICso values of the molecules in different
HCC cells, specifically p53-null Hep3B-TR cells (Schilling et al., 2010), showed us
that these molecules are cytotoxic to the HCC, but not only via targeting Sirtl to
elevate p53 function. They interfere with the tumorigenesis of HCC via affecting

different processes, which are waiting to be revealed.

Since SRB is a robust method and susceptible to many factors, the experiment
was performed three times in different periods. 1Cso concentrations differed in each
experiment; therefore RTCES experiment was conducted to find out the effective
doses. Moreover, SNU475 cells with mesenchymal-like features and Huh7 cells
with epithelial markers were selected to investigate the effect of the molecules.
Based on the cell index, new doses were calculated, and they were more or less
similar. Also, the molecules are not toxic to non-cancer cells at their effective
concentrations, suggesting that the compounds exhibit specificity for cancerous

cells.

Time-dependent microscopy imaging and Hoechst staining were performed on
these cells to understand when the compounds started exhibiting their cytotoxic
effects. Two times the average of the doses obtained from RTCES and SRB
experiments were used to see whether these values were practical or not. In general,
after 24 hours, morphological and nuclear alterations were visible in HCC cells with
these doses. In further experiments, these doses and 24 hour treatment time were

used.

In Huh7 cells, EK-79, EK-99, and EK101 led to G1 arrest and apoptosis after
24 hours. Specifically for EK-101, it interacts with Sirtl in silico, inhibits Sirtl
activity and increases active (acetyl) p53 expression. Overall, re-activation of p53
upon EK-101 treatment may also contribute to G1-mediated apoptosis in Huh7 cells.
Other molecules also interfere with the tumorigenesis of Huh7, yet with different

mechanisms.

In SNUA475 cells, all the molecules trigger cells to undergo apoptosis and arrest

the cell cycle at the G1 phase. Together with that, EK-79, EK-99, and EK-101 block
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Sirtl activity and elevate acetyl-53 level, suggesting p53-drived G1 arrest-mediated
apoptosis with an acceptable probability. For EK-79 and EK-101, it was supported
by in silico predictions as well. Besides that, EK-101 causes necrosis in these
aggressive cells, which needs further attention and experimental research to

understand its mechanism of action in more detail.

5.3 Summary

In summary, since the newly synthesized molecules were novel and unknown,
their targets were predicted with several in silico methods. It was revealed that they
might interact with Sirtl with high affinity in the computer environment. Sirtl is
overexpressed in HCC and promotes tumorigenesis for cancer cell survival. All the
molecules behaved differently in various HCC cells to prevent tumorigenesis, but
EK-101 was predicted to interact with Sirt1 in two different in silico methods. It was
supported in vitro in both Huh7 and SNUA475 cells. It needs to be further studied due

to its high potency against HCC cells. The summary figure can be seen in Figure 5.3.
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Figure 5.3: Summary of this study. The study starts with in silico methods (DEEPScreen and molecular docking) followed by

in vitro results. Next, the cytotoxicity of the compounds is studied with HCC cells to monitor the effects of Sirt1 inhibition.



FUTURE PERSPECTIVES

Although the DEEPScreen and AutoDock4 software were reliable enough to
assess the compounds robustly, virtual screening for all known proteins can be
performed for all possible targets of the compounds. Also, RNA-sequencing or
NanoString studies could be used to detect changes in the cell lines upon the

molecule treatment to predict possible mechanisms of action.

For in vitro validation of Sirtl targeting, only one enzymatic assay was
utilized, which measures all isoforms of the Sirtuin family. An enzymatic assay that
measures only Sirtl activity must be used to have more reliable results. Also, the
molecules can be biotinylated for immunoprecipitation experiments with Sirtl and
acetyl-p53. At the protein level, only acetyl-p53 expression was studied in western
blot experiments. However, many other targets of Sirtl are available, such as PTEN,
FOX03a, GSKa/B, B-catenin, NFkB and histone H3 and H4. Their acetylation status

should be investigated with respective antibodies.

p53 is an essential protein that can be acetylated and deacetylated by other
enzymes. If p53 is continued to be studied to investigate Sirtl inhibition activity of
the molecules, other HDACs and HATS should be considered that target p53. The p-
53 signaling pathway with its downstream and upstream effectors should be studied
in detail. Also, to show direct interaction of Sirtl inhibition and acetyl-p53 elevation
via the compounds, p53 null cell line Hep3B-TR or p53 knockout in other cell lines

should be used as a negative control.

Additionally, only EX-527 was used as a positive control, which is a Sirtl
inhibitor. Another Sirtl inhibitor, like Sirtinol, or as a negative control, Sirtl
activator resveratrol must be used to have more controls to make significant

comparisons.
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There were 28 molecules to study at first. To handle the search better, the
eliminations of the molecules and cell lines were done; however, other molecules
could also be effective in targeting Sirt1; or they can act better in different cell lines.
That is why eliminated molecules and cell lines should be considered, too. Also, the
chemical properties of the compounds should be determined, such as membrane
permeability, nuclear localization signals, solubility and movement inside the cell,
acidity, half-life, etc. New compounds can be designed and synthesized considering
the structure-activity relationship of the potent compounds studied in the context of

this thesis.
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Supplementary Figure 1: Growth inhibition capacity of the molecules in the
HCC cells. Cells were treated with 40, 20, 10, 5, and 2,5 uM of the molecules for
72 hours. Then the growth inhibition was calculated by the normalization to the
DMSO group.
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Supplementary Figure 2: The time-course observation of Huh7 cells upon the
molecule treatment. The cells were treated with 1Ci00 concentration of the
molecules for 12, 24, 26, 48, and 72 hours. Images were taken by light microscopy

with 20 X magnification.
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Supplementary Figure 3: The time-course observation of SNU475 cells upon the
molecule treatment. The cells were treated with 1Ci00 concentration of the
molecules for 12, 24, 26, 48, and 72 hours. Images were taken by light microscopy

with 20 X magnification.
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Supplementary Figure 4: Hoechst staining of Huh7 cells in time course. The cells
were treated with 1C100 concentration of the molecules for 12, 24, 26, 48, and 72

hours. Images were taken by fluorescent microscopy with 20 X magnification.
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Supplementary Figure 5: Hoechst staining of SNU475 cells in time course. The

cells were treated with 1C190 concentration of the molecules for 12, 24, 26, 48, and

72 hours. Images were taken by fluorescent microscopy with 20 X magnification.
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