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IDENTIFICATION OF TRANSCRIPTIONAL REGULATORY NETWORKS
CHARACTERIZING INVASIVE AND NON-INVASIVE BLADDER CANCER CELL
LINES

Perihan Yagmur Giineri Sozeri, izmir Uluslararasi Biyotip ve Genom Enstitiisii

ABSTRACT
Bladder cancer is divided into muscle invasive and non-muscle invasive bladder

cancer (MIBC and NMIBC) histopathologically however their prognosis and treatment
options are different. In this thesis, the transcriptional regulatory mechanisms
characterizing MIBC and NMIBC are aimed to be identified.

H3K27ac chromatin immunoprecipitation followed by sequencing (ChlP-Seq)
was used to identify group specific enhancers specific to MIBC (5637, HT1376, J82,
T24) and NMIBC (RT112, RT4) cell lines. Transcription factor motifs on differential
active regulatory regions are identified and possible gene targets were found. Selective
Isolation of Chromatin Associated Proteins (ChIP-SICAP) method was used to find co-
partner proteins of the transcription factors. FLI1 and FRAL1 ChIP-Seq experiments are
also done and the target genes were filtered accordingly. Finally, knockdown of the
transcription factors characterizing MIBC group was performed.

FLI1 and FRAL transcription factors are determined to be enriched at MIBC
specific enhancers and GRHL2, Tp63 and PPARg transcription factors are found at
NMIBC specific enhancers. Predicted target genes of MIBC group were mostly
involved “epithelial cell migration” however NMIBC group’s target genes are mainly
consisting transcription factors. Integrative analysis of FLI1 and FRA1 ChIP-SICAP
and ChIP-Seq and FLI1 and FRA1 knockdown experiments showed that MAP4K4 and
FLOT1 genes are the two key target genes regulated by these transcription factors.

Collectively our results uncovered the regulatory landscapes characterizing MIBC
and NMIBC. FLI1 and FRA1 are determined as the two prominent transcription factors
regulating the genes involved in gain of invasive characteristics.

Key Words: Bladder cancer, epigenetics, gene regulation, invasion



KASA iNVAZiF OLAN VE OLMAYAN MESANE KANSERi HUCRE HATLARINI
KARAKTERIZE EDEN TRANSKRIPSYONEL REGULASYON AGLARININ
BELIRLENMESI

Perihan Yagmur Giineri Sézeri, izmir Uluslararasi Biyotip ve Genom Enstitiisii

OZET
Mesane kanseri histopatolojik olarak kasa invasiv olan (MIBC) ve kasa invaziv

olmayan (NMIBC) mesane kanseri olarak ikiye ayrilir. Hastallk seyri ve tedavi
secenekleri bu iki trde birbirinden ¢ok farkhdir. Bu tez calismasinda amag, MIBC ve
NMIBC mesane kanseri hucre hatlarini karakterize eden gen regullasyon

mekanizmalarini belirlemektir.

H3K27ac kromatin immunopresipitasyonu takiben dizileme (ChIP-Seq) teknigi
uygulanarak MIBC(5637, HT1376, J82, T24) ve NMIBC (RT112, RT4) gruplarina 6zgu
enhancer bolgeleri belirlenmistir. Takiben, bu bdlgeler Uzerinde bulunan transkripsiyon
faktorleri ve muhtemel hedef genleri belirlenmistir. Kromatin iligkili proteinlerin segici
izolasyonu (ChlIP-SICAP) methodu ile belirlenen transkripsiyon faktorleri ile beraber
bulunan proteinler belirlenmigtir. FLI1 and FRA1 ChIP-Seq deneyleri de yapilarak
hedef genleri filtrelenmistir. Son olarak, FLI1 ve FRA1 genleri susturularak hedef

genler Uzerinde etkisi incelenmistir.

FLI1 ve FRA1 transkripsiyon faktorleri motifleri MIBC grubuna 6zgu enhancer
bdlgelerinde; GRHL2, Tp63 and PPARY transkripsiyon faktorleri motifleri NMIBC’ye
0zgu enhancer bolgelerinde bulunmustur. MIBC grubuna 6zgu bulunan hedef genler
genellikle “epitel hlicre goécu” ile alakali iken NMIBC grubunun hedef genlerinin
¢cogunlukla transkripsiyon faktorlerinden olustugu goézlemlenmigtir. FLI1 ve FRAL
ChIP-SICAP ve ChIP-Seq deneyleri ve FLI1 ve FRA1 genlerinin susturulmasindan
sonra, MAP4K4 ve FLOT1 genlerinin bu transkripsiyon faktorleri tarafindan regule
edildigini gostermistir.

Elde edilen bulgular MIBC ve NMIBC gruplarini karakterize eden regulasyon
mekanizmalarini ortaya ¢ikarmistir. FRA1 ve FLI1, invaziv karakteri regule eden iki
anahtar gen olarak belirlenmisgtir.

Anahtar Sozcukler: Mesane kanseri, epigenetik, gen regulasyonu, invazyon



1. INTRODUCTION AND THE AIM
Mutations in chromatin modifier genes can readjust chromatin states.

Mutation rate in chromatin modifier genes in bladder cancer is especially high (~20-
25%) compared to many other cancer types. When it is considered that around
200.000 people die because of bladder cancer, it is one of the major cancer types
for which chromatin regulatory mechanisms should be studied. Once transcriptional
regulation networks specific to MIBC and NMIBC are identified, new molecular
targets can be introduced to drug industry. In this project, we aim to investigate the
transcriptional regulatory networks differentially regulated between muscle invasive
bladder cancer (MIBC) and non-muscle invasive bladder cancer (NMIBC) cell lines
via identifying the active chromatin regions and transcription factors and their

interacting partners specific to the respective cell lines.

2. GENERAL INFORMATION

2.1. Epigenetic Mechanisms and Epigenetics of Cancer
2.1.1. Epigenetics and Mechanisms Involved In Epigenetic
Regulation

Conrad Waddington defined the term “epigenotype” in 1942 (1). He
was an expert in embryology and developmental biology and he shared his
observations on Drosophila Melanogaster and define epigenetics as the
dynamic changes between genotype and phenotype driving developmental
processes (1). Another definition of epigenetics is that without any difference
in the sequence of DNA, the gene(s) function can change, and this change
is referred as epigenetic changes (2). Epigenetic mechanisms are thought
be heritable like genetics and have impacts on phenotype (3) . Among
epigenetic regulations, chemical modifications of histones, and histone
variants are regarded as major mechanisms implicated in gene regulation
(4). A representative is shown in Figure 1 which basically defines open and

closed chromatin regions (5).



Open chromatin region (Active transcription)

Histone marks:

Methylation active
(H3K4me, H3K36me)

r Methylation repressive
(H3K9me, H3K27me)

P Acetylation

CpG site:
? Methylated

? Unmethylated

Condensed chromatin region (Silenced transcription)

Figure 1. Open and closed chromatin regions with histone marks and
methylated or unmethylated CpG sites. This figure is adopted from

Kagohara et al. (5).

2.1.2. Epigenetics of Cancer

Cancer is a lethal disease caused by cooperation of many hallmarks
(6). These hallmarks are being constantly in proliferative state, blocking the
apoptosis, emerging angiogenesis, avoiding from the senescence, being
blind for growth suppressors and gaining the ability of metastasis and
invasion, re-regulating the metabolism and energetics, escaping from
immune system, cellular replicative immortality and instability of the genome
(6). Among the collection of activating mutations on proto-oncogenes or de-
activating mutations on tumour suppressive genes; epigenetic
misregulations also result in over-expression or downregulation of the genes
implicated in cancer. Thus, change in epigenetic regulatory mechanisms is
also recognized as a major driver hallmark of cancer (7) (8). Basically,
change in epigenetic balance throughout epigenome may lead to permissive
or restrictive chromatin states, resulting in overexpression of some genes
while causing repression of some others (7). These epigenetic deregulatory
mechanisms may change from one cancer type to another cancer type but
the important point is that the discovery of misregulated regions of the
genome which differs between normal cell and cancer cell or invasive cell
and non-invasive cell may provide fundamental insights about regulatory
mechanisms determining the fate of the cell and enable identification of

novel therapeutic targets.



2.1.3. H3K27ac Modification As A Footprint of Active Regulatory
Regions

Chemical modifications present on the N-terminal tails of the histones
directly affect the three dimensional organization of the genome. There are
several histone modifications which play crucial roles in chromatin
conformation, important for the regulation of gene expression (9).
Acetylation of the 27™ Lysine residue on H3 histone (H3K27ac) is one of the
histone marks deposited by the acetyltransferase CBP (10). With this
acetylation mark, interaction of histones with DNA weakens. Thus, genomic
regions marked by H3K27ac becomes more accessible to RNA Polymerase
Il and transcription factor binding, ideal for robust transcriptional activity (11).
In the light of all of these knowledge, H3K27ac is thought as a marker of
active regulatory regions. In murine embryonic stem cells, it was shown that
H3K27ac mark can differentiate active enhancers from inactive ones and the
regions marked by H3K27ac may vary from stage to stage throughout the
development (12). All in all, H3K27ac is a surrogate marker of active
regulatory regions, reflecting the footprint of the transcription factors specific
for different cell types and involved in cell fate decisions.

2.2. Epigenetic Analysis Techniques
2.2.1. Chromatin Immunoprecipitation Followed by Sequencing
(ChIP-Seq)

ChIP-Seq is a highly powerful technique which can generate high-
throughput data, enabling researchers to examine the genomic regions for
localization of histone marks and binding of transcription factors of interest.
This technique has been used widely since first paper published in 2007
(13). ChIP-Seq can be used to identify chromatin regions that are enriched
by a protein or certain histone marks. This technique basically relies on
crosslinking of proteins in chromatin and DNA together, which is followed by
the lyses of the cells. Then, chromatin is fragmented and region of interest
is captured by antibody-bead coupling. Chromatin fragments including

region of interest are then separated from proteins around. After purification



of genomic DNA, it is ready to be sequenced once the sequencing libraries

are prepared (14) .

2.2.2. Selective Isolation of Chromatin Associated Proteins (ChIP-
SICAP)

Genomic DNA occupied by certain histone modifications or
transcription factors of interest can be identified using ChiP-Seq technique.
However, the transcriptional regulatory complexes and epigenetic modifiers
on target chromatin regions cannot be identified using ChlIP-seq only.
Chromatin Immunoprecipitation Followed by Selective Isolation of
Chromatin Associated Proteins (ChIP-SICAP) is a recently published, highly
selective technique based on capturing proteins on target chromatin regions
using a bait protein, which can be a transcription factor of interest as can be
seen in Figure 2 (15). With the help of this technique, not only target
regulatory regions are identified but also the involved regulatory
mechanisms can be uncovered via identification of the transcription factors
and chromatin modifiers, which are co-bound with the bait protein used in
ChIP-SICAP assay at the respective regulatory regions . There are other
techniques similar to ChlP-SICAP like RIME or ChIP-MS yet ChIP-SICAP is

the most specific one, selecting chromatin binders with high rates (15).

1. Cross-linked sheared chromatin 2. Immuno-precipitation 3.7dT + Biotin-ddUTP 4. Release of antibody
> ) o »
5y 6’ e Dl o’ %o P " @ Lo e
' ®
[ 8 s
8. Tryptic digestion & Mass spec 7. Reversing cross-links 6. Stringent washing 5. DNA capture by streptavidin \ 4
= )\ ®© o, O 2 ® ) !
(51w — Qe sel®> Oc 008>
= o . ® (o]

@ Bait protein Background protein @ Terminal transferase °< IP-bead 7. peptides
; : Formaldehyde
@ Chromatin protein M‘J DNA 8 Biotin-ddUTP a Streptavidin bead K eroasiiak

Figure 2. Experimental steps of ChIP-SICAP. This figure is adopted from
Rafiee et al. (15).



2.3.

Bladder Cancer

2.3.1. General Information About Bladder Cancer

Bladder cancer is the 10" most commonly diagnosed cancer type with
reported mortality rates of 9.5 per among a 100000 men and 3.3 per of a
100000 woman worldwide (16). The most common form of bladder cancer
originates from urothelium and urothelial carcinoma has two subtypes
histopathologically: non-muscle invasive bladder cancer (NMIBC) and
muscle invasive bladder cancer (MIBC). The major difference between the
two is that while non-muscle invasive bladder cancer does not invade
through muscularis propria while muscle invasive bladder cancer does (17).
Even if MIBC is much more lethal than NMIBC due to distant organ
metastasis followed after invasion to muscle, NMIBC has high recurrence
rate, lowering the life quality of the patients and some of NMIBC can
progress to an invasive form. As it might be expected, NMIBC and MIBC
differ from each other when the genetic alterations are considered. While
TP53 (32%), KDM6A (38%), ARID1A (24%) and PIK3CA (21%), EP300
(12%) are the top five frequently mutated genes in MIBC as can be seen
from Figure 3 (18) NMIBC has the highest mutation frequencies for the
genes, CDKN2A (42%), FGFR3 (34%), PIK3CA (25%), KDM6A (18%) and
KMT2D (12%), respectively (19) however there is another research reported
the mutation rates as FGFR3 (79%), PIK3CA (54%), KDM6A (52%), STAG?2
(37%) and KMT2D (30%) (20). Unfortunately, despite this detailed genomic
characterization of both NMIBC and MIBC, the mechanisms behind invasion

to the muscle are not completely understood yet.
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Figure 3. Mutational landscape of MIBC tissue samples. Figure is adopted

from Kamoun et al.(18).

2.3.2. Epigenetic Misregulations In Bladder Cancer

Mutational landscapes of both NMIBC and MIBC (18-21) show that
many of the chromatin modifiers are mutated in bladder cancer. Based on
this finding, it is not surprising that bladder cancer is actually considered as
a disease of chromatin. Thus, examining the changes in chromatin
modifications is essential for identification of new targets in bladder cancer
(22). Epigenetic misregulations in bladder cancer point out to the usage of
epigenetic inhibitors as good treatment options for bladder cancer (23). In
fact, there are several ongoing clinical trials focusing on epigenetic inhibitors
like EZH2 inhibitor Tazemetostat or an HDAC inhibitor Mocetinostat in
bladder cancer (24). Additionally, as epigenetic mechanisms are highly
implicated in metabolic processes (25), epigenetic misregulations in bladder
cancer are also recognized as the cause of changes in metabolic pathways
like PI3K-Akt pathway (26).

2.3.3. Invasion to Muscle In Bladder Cancer
Mortality rate in bladder cancer has a sharp increase when the
disease invade through muscle. When we take a look to the definition of
invasion itself, it is a still an issue of heated discussions. From a biological
perspective, it is defined as a highly rapid movement of a population from
a place to another and become dominant in this new location when there
is a disruption in the mechanisms controlling proliferation (27). Invasion

mechanism of bladder cancer is still not known (28) however there is some
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research focusing on molecular mechanisms that can promote or inhibit
invasion ability of bladder cancer. In a study, it was shown that Autophagy
Related Gene 7 (ATG7) was upregulated in invasive bladder cancer cell
lines, tissues and mouse with invasive bladder cancer and downregulation
of ATG7 inhibited invasion of bladder cancer (29). Another study suggested
that there is a crosstalk between muscle invasive bladder cancer cells and
fibroblasts, which regulates differentiation and invasion of bladder cancer
in patients and the mechanism behind is hormonal dysregulations and
Hypoxia Growth Factor (HGF)(30). PIsK-Akt pathway is also found to be
highly active in invasive bladder cancer cell lines and bladder tumour
samples due to B7-H3 overexpression; knockdown of B7-H3 resulted in
decrease in the invasion of bladder cancer cell lines (31). TRIM59 is
another gene that is reported to lead an increase in the invasion capacity
of bladder cancer cell lines by manipulation of TGFB-Smad2-3 pathway
(32). Itis also reported that knockdown of Nodal gene resulted in decrease
in proliferation, invasion and migration via blocking ALK-SMAD pathway
(33). MMP7 is another identified protein promoting invasion of a set of
bladder cancer cell lines (34). FRAL, a transcription factor from ETS family,
is another gene identified positively regulating invasion of bladder cancer
cell lines (35). Allin all, there are reported genes that regulate the invasion
of bladder cancer. However, the genomic and epigenomic mechanisms

driving the invasion still need to be uncovered.

2.3.4. Treatment of NMIBC and MIBC

As mentioned above, NMIBC and MIBC have different molecular
characteristics. Because of this, distinct treatment options are preferred in
clinic. The treatment of NMIBC mostly relies on TURBT followed by Bacillus
Calmette-Guerin (BCG) treatment yet, this has strong side effects (36).
Besides, there are also NMIBC patients who are unresponsive to BCG
treatment. These patients have better response to Pembrolizumab but still
there is a need for new therapy options which have less side effects and

which are more effective (37). On the other hand, the treatment of MIBC is
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mostly relies on neo-adjuvant chemotherapy which improves survival of the
patients like Cisplatin based neo-adjuvant chemotherapy (38) (39). Besides,
some group of MIBC patients especially older ones, cannot manage
Cisplatin based neo-adjuvant therapy. In this kind of situation, Carboplatin-
Gemcitabin based neo-adjuvant chemotherapy can be one of the options
(40). Atezolizumab, Nivolumab, Pembrolizumab, Avelumab, Durvalumab
are other chemotherapatic options that can be used in Platinum
unresponsive or ineligable patients with MIBC (40). Among all these
treatment options for both NMIBC and MIBC, there is certainly need of new
theraupathic targets that improve patients’ quality of life and response to the

treatment.

3. MATERIALS AND METHOD

3.1

3.2.

. Type of The Research

Experimental.

The Place and The Time of Research

Thesis Project was done at Izmir International Biomedicine and Genome

Institute and International Izmir Biomedicine and Genome Center between
2018-2021.

3.3.

Working Material
This thesis was done using 5637, HT1376, J82, RT112, RT4 and T24 cell

lines. RT4 and J82 cell lines were kindly provided by Serif Sentlirk and T24 cell
line was provided by Nese Atabey. 5637, RT112 and HT1376 cell lines were

ord

ered from German Collection of Microorganisms and Cell Cultures GmbH

(DSMZ).

3.4.

Variables of The Research
H3K27ac mark of the MIBC and NMIBC cell lines are independent

variables. Group specific enhancers and transcription factors regulating specific

enhancers are dependent variables.
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3.5.
3.5.1.

Tools Used to Obtain Data
Materials

3.5.1.1. Equipment

Equipment used in this thesis were listed in Table 1.

Table 1. Equipment used in this thesis.

Equipment

Company

Micropipettes

2 ul, 10 pl, 20 ul, 200 pl, 1000 pl

Gilson

Microcentrifuge

Thermo Scientific Micro CL 17R

230 V.

PowerPac™ Basic Power Supply

Bio Rad

Mini Electrphoresis System

Thermo Scientific OWL B1A

Centrifuges

Eppendorf, Beckman

Human Cell Culture Incubator

memmert

Nanodrop

Thermo Scientific NanoDrop
2000

Class Il Biological Safety Cabinets

Thermo Scientific SAFE 2200

Sonicator Covaris S220

Water Tank Nuve NB9

Light Microscope ZEISS Vert.Al
Hemocytometer ISOLAB

Ice Machine HOSHIZAKI

Freezer (-20) Bosch - GSN 51 AW
Nitrogen Tank CHART

Microplate Spectrophotometer

MULTISCAN GO, Thermo
Scientific

Freezer (-80) Newsburck
Western Blot System BIO-RAD
Electronic pipettor ISOLAB, Gilson
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Fume Hood

Kotterman 2-401-GAAAAY

Thermal Cycler

Simpleamp A24811

Real Time PCR System

ABI 7500 Fast

Mini Vortex Mixer

Thermo Scientific ELED-
88880018/ LPMixer

Tube Rotator

Thermo Scientific Eled
88881002

Micro Centrifuge

Thermo Scientific TS-
75004061 mySPIN

Lab Scale

Sartorious ENTRIS 822-1S
Model

Volume Measuring Equipments

ISOLAB

Magnetic stirrer

Thermo Barnstead / BS-
SP131320-33Q

pH meter Hanna ELED Model
Erlens ISOLAB
Cool Rack Corning
Mr. Frosty Freezing Container Thermo
Washing Bottles ISOLAB
Borosilicate glass bottles ISOLAB
Spray bottles ISOLAB
Spatula set ISOLAB

DYNAL DynaMag Dynabeads
DynaMag 2 Magnet

Thermo Fisher Scientific

Cell culture dishes Corning
Cryogenic tubes Corning
Cell scrapers ISOLAB

MicroAmp™ Fast Optical 96-Well

Reaction Plate

Thermo Fisher Scientific

Multiwell plates

Corning

Vacuum filtration system

Milipore
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Falcons (15ml, 50ml) SPL
PCR tubes Neptune
Examination Gloves ISOLAB
Serological Pipettes SPL

Eppendorf tubes (0.5ml, 1.5ml,
2ml)

Thermo Fisher Scientific

Disposable pipette tips Neptune
Nitrocellulose membrane BIO-RAD
Color Prestained Protein Standard | NEB P7719S
Glass Pasteur Pipette ISOLAB
DNA LoBind Tube (1.5 ml) Eppendorf

Shaker

Thermo Scientific

LI-COR

ODEYSSEY CLx

Bioruptor Pico Sonicator

Diagenode

3.5.1.2. Chemicals

Chemicals used in this thesis were listed in Table 2.

Table 2. Chemicals used in this thesis.

Chemical Company
EDTA Sigma-Aldrich
Ethanol Merck
Methanol Sigma-Aldrich
NaCl Sigma-Aldrich
Glycerol Sigma-Aldrich

Phosphate Buffer Saline (10X)

Thermo Fisher

TritonX-100 Sigma-Aldrich
Na deoxycholate Sigma-Aldrich
SDS Invitrogen

Tris Sigma-Aldrich

13



EGTA Sigma-Aldrich
Protease inhibitor coctail Roche
Glycine Sigma-Aldrich
HCI Sigma-Aldrich
Tween-20 Sigma-Aldrich
Ponceau Sigma-Aldrich
Acetic Acid Sigma-Aldrich
Formaldehyde Sigma-Aldrich
Tris Acetate-EDTA (TAE) Buffer (10X) Sigma-Aldrich
Agarose Sigma-Aldrich
Isopropanol Sigma-Aldrich
B-mercaptoethanol Sigma-Aldrich
Bromophenol blue Sigma-Aldrich
TEMED Sigma-Aldrich
10% APS Biofroxx
Protogel National Diagnostics
Skim milk powder Sigma-Aldrich
NaHCOs Sigma-Aldrich
LiCl Sigma-Aldrich
TERGITOL™ NP-40 (70%) Sigma-Aldrich
DOC Sigma-Aldrich

Protogel Stacking Buffer

National Diagnostics

3.5.1.3. Buffers

Buffers used in this thesis were listed in Table 3.

Table 3. Buffers used in this thesis.

Name of the Buffer

Elution Buffer (0.5 ml) (ChIP)

Component

Amount

10% SDS

50 pL
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1 M NaHCOs 50 pL
dH20 400 pL
DOC buffer : 2ml (ChIP)

Component Amount
1M TrispH 8 20 uL

1 M LiCl 0.5mL
NP-40 10 pL
DOC (%10) 0.1 mL
0,5 M EDTA 4 uL
dH20 1366 pL
ParoFix : 50ml (ChIP)

Component Amount
0.1 M Hepes pH 8.0 (NaOH) 50 uL
0.5 M EDTA 200 pL
0.1 M EGTA 500 pL
5 M NacCl 2mL
11% formaldehyde (add fresh before

use)

Paro Rinse 1 : 500ml (ChlIP)

Component Amount
1 M Tris pH 8.0 5mL
0.5M EDTA 10 mL
0.5M EGTA 0.5mL
Triton X-100 1.25 mL
dH20 483 mL
Paro Rinse 2 : 500ml (ChIP)

Component Amount
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1 M Tris pH 8.0 5 mL
0.5M EDTA 1 mL
0.5M EGTA 0.5mL
NacCl 20 mL
dH20 473 mL
Lysis Buffer : 500ml (ChlIP)

Component Amount
1 M HEPES/KOH pH 7.5 25mL

5 M NaCl 50 mL
0.5M EDTA 1mL
%2100 Triton X-100 5 mL
%10 DOC 5mL
%20 SDS 2.5 mL
dH20 411.5 mL
Add fresh: protease inhibitors

RIPA Buffer (1X/50 mL)

Component Amount
Triton X-100 (10%) 5mL
Na deoxycholate (10%) 2,25 mL
SDS (20%) 250 pL
Tris-Cl pH 7,4 (1M) 2,5mL
NaCl (5M) 1,5 mL
EDTA pH 8 (0,5M) 100 uL
EGTA (0,1M) 500 pL
Protease Inhibitor Coctail (for 1 mL) 40 pL
Running Buffer (10X/1L) pH~8,3

Component Amount

250 mM Tris base

30.2 g
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1,9 M Glycine

142 g

1% SDS

Transfer Buffer (10X/1L) pH~8,3

Component Amount
250 mM Tris base 30.2¢g
1,9 M Glycine 142 g
20% Methanol (add before use) 200 mL
TBS (10X/1L) pH~7,6

Component Amount
Trizma HCI 24.23 g
NacCl 80.06 g
TBST (1X/1L)

Component Amount
TBS (10X) 100 mL
dH20 900 mL
Tween-20 1 mL
Ponceau Dye

Component Amount
Acetic Acid 0.5mL
Ponceau 0.25mL
dH20 50 mL
Laemmli Buffer

Component Amount
0,5 M Tris-HCI (pH=6,8) 20 mL
Glycerol 209
SDS 4g
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Bromphenol Blue 0,059
1MDTT 2mL
dH20 13 mL

IP Buffer (ChIP-SICAP)

Component Final Concentration
Tris-HCl pH 7.5 50 mM

Triton X-100 1%

NP-40 0.5%

EDTA 5 mM

Elution Buffer (ChIP-SICAP)

Final Concentration

SDS

7.5%

DTT

200 mM

SDS Washing Buffer (ChIP-SICAP)

Final Concentration

Tris-HCI pH 8 10 mM
SDS 1%
NacCl 200 mM
EDTA 1mM

BW2x Buffer (ChIP-SICAP)

Final Concentration

Tris-HCI pH 8 10 mM
Triton X-100 0.1%
NacCl 2M
EDTA 1 mM

LB3 Buffer (ChIP-SICAP)

Final Concentration

Tris-HCI pH 8 10 mM
NaCl 100 mM
EDTA 1 mM
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EGTA 0.5 mM
Na-deoxycholate 0.1%
N-lauroylsarcosine 0.5%

3.5.1.4. Kits

Kits used in this thesis were listed in Table 4.

Table 4. Kits used in this thesis.

Kit

Company

Pierce™ BCA Protein Assay Reagent

Assay

ThermoFisher Scientific

FastStart Essential DNA Green Master

Roche

DNA Clean & Concentrator

Zymo Research

Lipofectamine 3000 Reagent

ThermoFisher Scientific

MAXIMA First Strand cDNA Synthesis
Kit

ThermoFisher Scientific

NucleoSpin RNA, Mini kit for RNA

purification

MACHEREY-NAGEL

Tagman Universal MMIX 1| NO UNG 5ml

Thermo Fisher Scientific

3.5.15. Cell Culture

Cell culture ingredients used in this thesis were listed in Table 5.

Table 5. Cell culture ingredients used in this thesis.

Solutions

Company

Roswell Park Memorial Institute
(RPMI) Medium

Gibco

Fetal Bovine Serum (FBS)

Thermo Fisher Scientific
10500064

Penicillin/Streptomycin

Thermo Fisher Scientific
15140122
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Gibco Trypan Blue Thermo Fisher Scientific 15-250-
061

Freezing Medium Thermo Fisher Scientific
12648010

Phosphate-Buffered Saline (PBS) | Thermo Fisher Scientific
70011036

TrypLE Thermo Fisher Scientific
12604013

Opti-MEM Thermo Fisher Scientific
31985062

DMEM, high glucose Gibco
41965039

3.5.1.6. Antibodies

Antibodies used in this thesis were listed in Table 6.

Table 6. Antibodies used in this thesis.

Antibody Company Cat. No.

Anti-rabbit IgG (H+L) (DyLight™ | Cell Signaling 5151S

800 4X PEG Conjugate) Technology

IRDye® 680LT Donkey Li-COR 926-68022

(polyclonal) anti-Mouse IgG

Secondary Antibody (H+L)

B-Actin (8H10D10) Mouse mAb | Cell Signaling #3700
Technology

FRA1 Rabbit Monoclonal Cell Signaling #5281

Antibody Technology

Anti-FLI1 Antibody Abcam ab15289

H3K27ac Antibody Active Motif 39133

20




3.5.2. Wet Lab Experiments
3.5.2.1. Cell Line Maintenance
Cell lines used in this thesis were maintained at 37 °C with 95%
humidity and 5% CO2. 5637 and RT112 cell lines were maintained using
RPMI-1640 Medium supplemented with 10% FBS and 1% Penicillin while
HT1376, J82, RT4 and T24 cell lines have been grown in Dulbecco's
Modified Eagle Medium (high glucose) supplemented with 10% FBS and

1% Penicillin.

3.5.2.2. Chromatin Immunoprecipitation

Schubeler Lab ChIP protocol was modified a little and used as
chromatin immunoprecipitation (ChlP) protocol (41). 15-20 million cells
were used per ChIP experiment. H3K27ac ChIP assay was performed
with 5637, HT1376, J82, RT112, RT4 and T24 cell lines and FRA1 and
FLI1 ChIP were performed with T24 cell lines. First cells were crosslinked
with %1 formaldehyde for 10 minutes (RT) for H3K27ac ChIP
experiments and 1.25% formaldehyde for 15 minutes (RT) for FRA1 ChIP
experiments. Crosslinking was stopped by addition of 2.5 M (final
concentration) Glycine for 10 minutes at +4 °C. After this step, cells were
washed and then lysed with Lysis Buffer and 1X Protease Inhibitor
Cocktail (Roche, 11873580001). In order to perform immunoprecipitation
efficiently, chromatin was fragmented into small pieces (200-600 base
pairs) by using S220 Covaris Ultrasound Sonicator. Optimized sonication
cycles for each cell line determined to be different and the range is
between 5 cycles to 30 cycles. After sonication of the chromatin samples,
50 uL was taken for input fraction and the rest is used for IP. For input
fraction, reversal of crosslinking protocol was applied. Reversal of
crosslinking protocol begins with addition of 150 yL TE buffer and of 4 pL
RNase (10mg/mL) to the input chromatin and incubation for 30 minutes
at 37 °C, followed by 1% SDS (final concentration),100 mM NacCl (fc.)
and 2 pL Proteinase K (20mg/mL) addition and incubation at 55 °C for at
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least 2.5 hours then overnight incubation at 65 °C. Zymo DNA Clean-up

& Concentrator Kit was used to purify genomic DNA.

To perform the [P step, was continued with the addition 4 ug
H3K27ac antibody (Active Motif, 39133) to 40 uL Dynabeads M280 Anti
Rabbit Magnetic beads (Thermo Fisher, 11204D) (pre-washed with BSA)
and rotating overnight at +4 °C for H3K27ac ChIP. 950 uL chromatin
remained after sonication was then bound with pre-washed magnetic
beads coupled with H3K27ac antibody for 3 hours. After that, stringent
washes were done using a freshly prepared DOC buffer, Lysis buffer and
TE. Immunoprecipitated chromatin was then eluted by resuspending the
beads in a freshly prepared 100 uL elution buffer by agitating the sample
at 1000 rpm at 25 °C for 15 minutes, and centrifuging the sample at 11000
rpm for 2 minutes at room temperature. Elution step was repeated once
more. Then, reversal of crosslinking for ChIP fraction is started with the
incubation of ChIP chromatin with 4 yL RNAse (10 mg/mL) at 37 °C for
30 minutes and followed by the addition of 4 yL 0.5 M EDTA, 8 uL of 1M
Tris (pH=6.5) and 0.5 pL Proteinase K (20 mg/mL) and incubation at 55
°C for at least 2.5 hours. Lastly overnight incubation at 65 °C was done.
ChIP DNA was purified by using Zymo DNA clean-up & concentrator Kkit.
For the transcription factor ChlP experiments (FRAL1 and FLI1), a slightly
more stringent protocol was applied. Before IP, chromatin was precleared
by addition of 10 uL of pre-blocked magnetic beads (blocked with 10 pL
tRNA (10 mg/mL) and 10 uL BSA (10 mg/mL) and rotating the sample at
+4 °C for 1 hour. After chromatin pre-clearing, antibodies targeting
transcription factors (FRA1 and FLI1) were added to the chromatin
sample with 1:100 dilution and the sample is rotated overnight at +4 °C.
Following day, antibody-coupled chromatin was coupled with 50 pL pre-
blocked magnetic beads by rotating at +4 °C for 3 hours. All other steps
were done in the same manner as in H3K27ac ChIP experiments.
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3.5.2.3. Agarose Gel Electrophoresis

Size of the chromatin fragments were checked using agarose gel
electrophoresis. 1.7% Agarose gels were prepared with Tris-Borate-
EDTA buffer and 2 uL of Safe-view Classic Nucleic Acid Stain was added
when the gels were in physiological temperature. Then gels were
immediately placed on the loading tank and waited to get polymerized.
When the gels were polymerized, input DNA of ChIP samples were
prepared to be loaded on agarose gels. Orange DNA Loading Dye (NEB)
was added to input DNA and also 100 base pairs (bp) and one kilo base
(kb) DNA ladders (1X final concentration) were added. Once the samples

were loaded on gels, DNA was run at 100 V for ~40 minutes.

3.5.2.4. ChIP-gPCR

For H3K27ac ChIP validation, Tagman Universal MMIX 1| NO UNG
were used with final 2.5 uM primer concentrations and reactions were run
on Applied Biosystems 7500 Fast Real Time PCR. Sample running
conditions for Tag-Man Kit was: 95 °C for 15 minutes, 95 °C for 15
seconds and 60°C for one minute for 40 cycles. On the other hand,
FastStart Essential DNA Green Master Kit were used for FRA1 and FLI1
ChIP validation. In each ChIP-gPCR experiment, ChlP DNA was diluted
in 1:2 ratio while input DNA was diluted to 1:10 ratio. Primers and probes
(if it is needed) used in ChIP-gPCR experiments were listed below in
Table 7. Enrichment of the chip was calculated using “input%” method
(42).
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Table 7. Primers and probes used in ChIP-gPCR experiments for the

validation of H3K27ac ChIP. Positive control regions are highlighted with

green while negative ones are labelled with red. While MCL1, ATRAID

and RARA were used as positive control regions; NCT1, NCT2 and

GABRA2 were used as negative control regions of FRA1l ChIP

experiments. YWHAZ and ATRAID regions were used as positive control
regions of FLI1 ChIP and NCT1, NCT2 and ENHR2 were used as

negative control regions.

Gene Forward Primer Reverse Primer Roche
Name Probe
No

DLGAP1 | tggagtcttgtgcctaagtgc agggaaatggcagaaat | 12
g9

ELF4B cagtaatggtagactctggcttga | cggtgattcacgtctacga | 12
a

MCL1 aatgaacccccttaccttgg aagccaatgggcaggtct | 4

DDIT4 cctttgggaccgcttctc atctggggtgggagttcg | 10

YWHAZ | cgtctctaagggaccgacag ggtgagcctgagcatagc | 49
c

ROCK1 cccgatggagacttagcaga ccaactatcgtcttcctcttc | 19
g

TGIF1 gactcgggacagggaattg gcgcgtgtctctagacctgt | 14

LZTS2 ctgaggctgagagcgtgtc gcagctggtcattgttcca | 70

ATRAID | gctacccgaggtacagaagc agcgtcagggacgaaat | NA
cag

RARA ggtaaagtttcagcctcege cacagcgtctgccctaac | NA
c

| SOX10 ccagggaacctgggactc ctggagctgagcactctg | 4

g
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tggtctggaactcctgtget aacatctactgggcgaga | 4
cc

ttttcttcactccccttaacaaa gacttggtcttgggcaacc | 4

aatcccagctactggggaag cactgcagcctccagctc

cagtaggagctctttgttttggt gcccagagactcctgagtt | 48

aaa

aaaaacagatgtgttacccctca | tctccectagagecttcca | 19

g
gaccactggcgatctcacta ggtagtagcttcagtggga | NA

aagt

ggtgagatggattggtaagaccc | aaagccagatttgaccaa | NA

gca

tgtggccttgcctcaactatg ggttattgcatttgggcagg | NA
at

w
%
N
o

ChIP-SICAP

ChIP part of the protocol was started with crosslinking T24 cell line
(15-20 million cells per experiment) with 1.5% final concentration of
formaldehyde for 15 min and followed by addition of 150 mM (fc.) Glycine
for 5 minutes, continuously shaking at RT. After a couple of washing and
lysing steps, protein concentrations were measured in the presence of 1
% PBS-SDS. Standard proteins were treated the same except
Benzonase addition. Samples were incubated at 95 °C for 5 minutes.
Then T24 chromatin’s DNA and proteins were separated by adding 0.5
ML Benzonase (Sigma Aldrich, E8263-5KU) and vortexing. 25 uL from
prepared samples were added to one well of 96 well plate and Pierce™
BCA Protein Assay Kit manual was followed to measure the protein
content. Overall, for each replicate, chromatin samples corresponding to
nearly 2 ug protein were used for ChIP assays performed for FRA1 and
FLI1 transcription factors. Each chromatin sample was sonicated for 19
cycles, 1 minute on/1 minute off on Covaris S220. Input DNA of each

sample was controlled for sonication size. After sonication, the samples
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were centrifuged for 10 minutes at 12000 g at +4 °C. TritonX-100 was
added to the supernatants with a final concentration of 1.5%. Then FLI1
(2:50 dilution) and FRA1 (1:50 dilution) antibodies were added to the
samples and antibodies were coupled with chromatin samples overnight
at +4 °C cold room with 800 rpm agitation on Thermomixer. Chromatin
samples not bound with antibody were used as negative controls. Next
day, the samples were centrifuged at +4 °C for 10 minutes at 12000 g.
Supernatants were taken and filled up to 1 mL with IP Buffer. Meanwhile,
50 yL Dynabeads (M280 Anti Rabbit Magnetic Beads) for each sample
were washed with IP Buffer (+4 °C) once. Pre-washed magnetic beads
were then added to the samples and coupled at +4 °C for 3 hours by
rotating. Then samples were washed and resuspended with 200 uL PBS-
T (PBS including 0.1% Tween20) and shipped to Francis Crick Institute
for the SICAP part of the protocol. In there, SICAP protocol was followed
as already described (15, 43). Klenow 3’-exo minus, T4 PNK, and dNTPs
(NEB) treatments were applied to the beads. Then the beads were
biotinylated with terminal deoxynucleotidyl transferase (TdT (Thermo
Fisher)) and 1:1 ddUTP and dCTP. After that the beads were washed
with IP buffer 6 times and proteins were eluted by adding elution buffer
and waiting for 15 minutes at 37 °C. Then the samples were diluted in IP
buffer and 100 pL of pre-resistant streptavidin beads were added on the
samples. After an incubation in room temperature for 1 hours by rotating
the samples, stringent washes were done 3 times with SDS Wash buffer,
once with BW2x, once with 20% isopropanol and once with 40%
acetonitrile in water. Then the tubes were transferred to PCR tubes, put
on magnetic stand and supernatant was discarded. 15 yL Ambic 50mM
plus DTT 10mM final concentration was used to resuspend the beads
and the samples were incubated at 50 °C for 15 minutes. Then alkylation
was performed with the addition of IAA with 20 mM final concentration
and incubated for 15 minutes in dark. 10 mM DTT addition was followed
the alkylation and 300 ng LysC (Wako) was added to samples for the

digestion of the proteins and samples were incubated overnight at 37 °C.
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After the incubation, beads were collected on magnetic stand and
supernatant of the samples were taken. 200 ng Trypsin (Promega,
V5280) was then added to each sample and samples were incubated for
6-8 hours at 37 °C. After final incubation, peptide clean-up was performed
using Ziptips with 0.6 yL C18resin (Merck).

3.5.2.6. Knockdown Experiments

Knockdown of FLI1 and FRA1 genes was performed by using —UU
tagged custom siRNA targeting the region 5-
CACCAUGAGUGGCAGUCAG-3 and 5'-
GUUCACUGCUGGCCUAUAA-3' for the knockdown of FRA1 (44) and
FLI1 (45), respectively. These custom siRNA oligo nucleotides were
ordered from GE Healthcare Dharmacon, Inc. MISSION® siRNA
Universal Negative Control (SIC001) was used as negative control for
knockdown experiments. For unique knockdowns, 75 nM siRNA per
knockdown was transfected when the cells were approximately 80%
confluent using Thermo Fisher Lipofectamine 3000 Transfection Reagent
according to manufacturer’s protocol. On the other hand, double
knockdown experiments (both FLI1 and FRA1 siRNA used) were
performed by using 50 nM siRNA constructs from each siRNA.

3.5.2.7. Protein Isolation

Protein isolation was done by scraping the cells from the plate with
the help of 200 uL RIPA+PIC buffer. Lysed cells were then immediately
vortexed vigorously and incubated on ice for 10 minutes. This step is
repeated for 3 times and then samples were sonicated for 5 cycles (30
seconds on/30 seconds off) on BioRuptor Pico Sonicator. After that
samples were centrifuged at 17000 g for 20 minutes at +4 °C. Lastly,
supernatant of centrifuged samples which includes proteins were taken

to new tubes and stored at -80 °C.
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3.5.2.8. BCA Protein Assay

Concentrations of the protein samples were measured using
Thermo Fisher's BCA Assay Kit. 2 mg/mL protein standard present in the
kit was serially diluted with RIPA + PIC to 1, 0.5, 0.25, 0.125, 0.0625,
0.03125 mg/mL. Then, master mix consisting of Buffer A and Buffer B
(21X final concentration) inside the kit were prepared considering that 50
ML of master mix is going to be used per well (96 well plate). 2 uL of
proteins was also added to wells to measure the concentration of the
proteins. MULTISCAN GO (Thermo Fisher) was used to measure the
concentration of the proteins at 562 nm wavelength.

3.5.2.9. Western Blot

Before running the Western Blot experiment, the concentrations of
the proteins were equalized. Protein samples were diluted with RIPA +
PIC according to the protein concentration of the samples,
Bmercaptoethanol-Laemli solution was added on samples at 1X final
concentration. Then, protein samples were boiled at 95 °C for 5 minutes
and stored at -20 °C. 30 ug protein from each protein sample was loaded
per well during Western Blot experiments. Firstly, %8 SDS Page
Separating Gel was loaded to gel glasses and immediately covered with
60% isopropanol. Once it was polymerized, SDS Page Stacking Gel was
added. When the gel was polymerized, the wells of the gel were washed
once with distilled water and then placed in Bio-RAD Western-Blotting
tank and cold 1X Running buffer, filled until “2-gel” line of the tank.
Proteins were run at 90 V until they pass through stacking gel, then they
were run at 120 V for approximately one and a half hours. After
separating the proteins according to their size, proteins were transferred
to nitrocellulose membrane with sandwich technique in freshly methanol
added ice cold 1X Transfer Buffer at 350 mA for one and a half hours.
When the proteins were transferred to the membrane, transfer status was
first checked with Ponceau Dye and then proteins on membrane were

blocked with 5% milk powder dissolved in TBS-T for one hour on shaker.
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After blocking of the proteins, membrane was washed with TBS-T once
and 1:1000 diluted (with 5% milk powder) antibodies targeting FRAL or
FLI1 were added on membranes. Incubation of membranes with antibody
was overnight at +4 °C on shaker. Once the antibodies were bound to
proteins of interest, membranes were washed with TBS-T for 10 minutes
on shaker and this washing step was repeated three times. Then Anti-
rabbit IgG (H+L) (DyLight™ 800 4X PEG Conjugate) (1:30000 diluted)
was added on membrane and incubated for one hour at RT on shaker.
Stringent wash with TBS-T was repeated again for three times as two
step before and then first images of the membrane were taken on LI-COR
at 800 nm, 169 um, “auto” adjustments. After that, B-actin antibody with
1:1000 dilution (with 5% milk powder) was added on membrane for one
and a half hours on shaker at RT. Three times wash with TBS-T was
repeated again. Then 1:15000 diluted IRDye® 680LT Donkey
(polyclonal) anti-Mouse IgG Secondary Antibody (H+L) was added on
membrane for one hour at RT on shaker. Last wash of the membrane
was repeated again with TBS-T every ten minutes for three times.
Membranes were then visualized on LI-COR at both 700 and 800 nm,

169 um and “auto” conditions.

3.5.2.10. RNA Isolation

48 and 72 hours after transfection, RNA samples were collected
using MN Nucleospin RNA Isolation Kit. 350 uL of Buffer RA was mixed
with 3.5 pL B-mercaptoethanol per sample and cell pellet was dissolved
in this mixture by pipetting at least 50 times. Then the samples were
placed in violet ring columns and centrifuged for one minute at 11000 g.
The samples filtered were then mixed with 350 uL 70% ethanol (MERCK)
by pipetting and then taken to a new column (light blue ring). RNA was
bound to light blue ring including columns with the help of ethanol and
centrifuging for one minute at 11000 g. Then the columns were placed to
a new collection tube and 350 pL of MDB solution was added on columns.

Then the columns were spinned at 11000 g for one minute. Meanwhile,
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DNAse reaction mixture was prepared by mixing 90 uL reaction buffer for
rDNase and 10 pL of rDNase per sample. When centrifuge ended, 95 pL
from rDNase master mix was added to each column and incubated for
15 minutes at RT. Isolation of RNA continued with a couple of washes.
At first, columns were washed with 200 yL RAW?2 Buffer and centrifuged
at 11000 g for one minute. This wash was followed by addition of 600 pL
RAS3 Buffer to the columns and centrifuged for one minute at 11000 g.
Last wash was performed by adding 250 uL RA3 Buffer and centrifuging
for two minutes for this time at 11000 g. After the washing steps, RNA
was eluted with 40 yL RNase-free water by centrifuging at 11000 g for
one minute. Eluted RNA concentrations were measured using Nanodrop
2000 Device. All RNA samples were stored at -80 °C.

3.5.2.11. RT-gPCR

One ug of each RNA was converted to cDNA by using Maxima First
Strand cDNA Synthesis Kit (Thermo Fisher) by following Kit's
instructions. After converting RNA to cDNA, FastStart Essential DNA
Green Master was used to detect expression levels of target genes of
FLI1 and FRA1. cDNA samples were diluted to 1:5 with ultrapure water
and then used to check the expression level of the genes. Primers used
were listed in Table 8.

Graphs representing the changes in mRNA level were created
using GraphPad Prism 8.3.0 (46).
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Table 8. Primer sets used after FLI1 and FRA1 knockdown experiments.

Target | Forward primer Reverse primer

gene

name

FLI1 ACCTCCCACACCGACC | GGACTTTTGTTGAGGCCAG
AAT AA

FRA1 CTACCCTCAGTACAGC | TTCCAGTTTGTCAGTCTCCT
CCcCcC GTT

MAP4K | CCGAGCGCGAGAGGTA | GGGAGAAGGGTCACTGAAG

4 CA G

FLOT1 | TCTCAACACACTGACC | AGGAACATCTGACAGGCGG
CTCAAT

3.5.3. Dry Lab Experiments

3.5.3.1. ChIP Library Preparation and Sequencing

Libraries of ChIP and Input DNA were prepared by GeneCore
EMBL Team. After library preparation, H3K27ac ChIP samples were
sequenced as 50 bp single end reads on lllumina HiSeq 2500 Device and
FLI1 and FRA1 ChIP Samples were sequenced as 75 bp single end on
lllumina NextSeq 500 high output mode. Library preparation of ChlP-Seq
samples was done by EMBL GeneCore team using NEBNext DNA Ultra
Il Kit.

3.5.3.2. Alignment and Quality Control Analysis

Alignment of the ChlP-Seq reads to GRHg38 was performed by
GeneCore EMBL Team. Burrows Wheeler Aligner (BWA) version 0.7.17-
r1188 was used for the alignment with default parameters (47).
Sequencing quality was controlled using HOMER NGS Data Analysis
Tool version 4.10.3. (48). At first reads were tagged by running “—

makeTagDirectory” command. After that “tagged” reads were plotted
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according to frequencies of the tags by using —boxplot function in R

Programming language.

3.5.3.3. Peak Finding

H3K27ac ChlIP-Seq peaks were called using MACS2 algorithm’s
(49) “-callpeak” function with “-g hs” “--broad” and “-f BAM” additional
parameters. After finding H3K27ac peaks, peaks contained completely
within promoter regions (-/+ 1kb to transcription start site of protein coding
genes) defined in GENCODE v30 Comprehensive Gene Annotation Data
(50) were excluded from the peak regions. With this method, we focused
on the enhancer sites in this thesis. On the other hand, FLI1 and FRA1
ChIP-Seq samples’ peak regions were identified using HOMER NGS
Data Analysis Tool's “findPeaks” command with “-style factor” option
which is more suitable for finding the peak regions from transcription
factor ChiP-Seq data (48).

3.5.3.4. Finding MIBC and NMIBC Specific Peak Regions
Bladder cancer cell lines were grouped according to their ability of
invasion through muscle. 5637, HT1376, J82 and T24 cell lines were in
muscle invasive bladder cancer group (51-54) while RT112 and RT4 cell
lines composed non-muscle invasive bladder cancer cell lines group (51).
Group-specific H3K27ac peak regions were defined with the help of
DiffBind R Bioconductor Package with default parameters (55). Venn
diagrams representing the overlap of active regulatory regions were
plotted using “dba.plotVenn” function in Diffbind and correlation
heatmaps representing read counts on active regulatory regions were
plotted using “plot” function in Diffbind R Package. Valcano plots showing
the scatter of the reads on differential active regulatory regions were

plotted using “dba.plotVolcano” function in Diffbind R Package.
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3.5.3.5. Transcription Factor Motif Finding Analysis
Transcription factor motif finding analysis was done using HOMER
NGS Data Analysis Tool. At first, muscle invasive bladder cancer cell
lines’ tag directories were combined to one tag directory using “-
makeTagDirectory” command and same was done for non-muscle
invasive bladder cancer cell lines (48). After creating each groups’ tag
directories, nucleosome free regions were found using “-findPeaks”
command with “-nfr” parameter (48). After defining nucleosome free
regions that are thought to be bound by transcription factors, these
regions were overlapped with group specific enhancer regions using
“‘GenomicRanges” package in R (56) to identify the nucleosome free
regions located within group-specific enhancer regions. Then these
regions were used to search for transcription factor motifs using HOMER

Tool’s “findMotifsGenome.pl” with “-size given” option (48).

3.5.3.6. GO Term Analysis

Gene Ontology (GO) Term analysis of the target genes which are
protein coding according to GENCODE v30 Comprehensive Gene
Annotation data (50) was done using clusterProfiler R Package (57).
Enriched GO Terms of identified MIBC target genes were found using
“enrichGO” function with p value adjusting with "FDR” method and
filtering to GO level 4. Besides, NMIBC target genes’ GO Term analysis
was done using the same function “enrichGO” with “FDR” p value
adjusting method yet maximum gene ontology set size was increased to
3000 (default value is 500). Top 10 enriched GO Term results were

visualized using “dotplot” function in the same package.

3.5.3.7. Identifying “Expressed” Gene Targets of MIBC and
NMIBC Specific Enhancers

Target genes of defined MIBC and NMIBC specific enhancers (FDR

=< 0.05) were predicted using UCSC geneHancer Tool (58, 59) with

“GeneHancer Interactions” as output file type. Predicted gene targets
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were then filtered according to their mean expressions in cell line groups
(NMIBC and MIBC). RPKM normalized expression values of the all
protein-coding genes were obtained from Cancer Cell Line
Encyclopaedia Database (60). First, genes having “0” value of RPKM
were discarded from the RPKM data. Afterwards, rest of the genes were
clustered as “not-expressed” and “expressed”. Clusters were created
using Gaussian Mixture Modelling using Mclust R Package (61) with
“G=3" option. Accordingly, for NMIBC group, genes which have
log2(RPKM) value > -0.77 are defined as “expressed” while this cut-off is
0.98 for MIBC group (p value < 0.05). These cut-off values were used to
filter the target genes of group-specific enhancers and the target genes
defined as “not expressed” were discarded. After this filtration, 456 and
1752 target genes were identified to be regulated by NMIBC-specific
enhancers and MIBC-specific enhancers, respectively.

3.5.3.8. Analysis of NMIBC and MIBC Microarray Data of
patients

Expression data of the patients having bladder cancer (n=308) were
obtained from GSE32894 Accession Code (62). The data was
normalized by using Limma Bioconductor Package (63)
‘normalizeQuantiles” function. Patients’ samples were classified
according to tumour stage by defining the ones with stage <T2 as NMIBC
patients and >T2 as MIBC patients. Ggplot2 library’s “ggplot” function
was used to obtain gene expression plots and “ggsignif’ package was

used to obtain significancy scores (Student’s t test).

3.5.3.9. Overlapping FRA1-FLI1 Peaks with MIBC-Specific
Enhancers
Identified FRA1 and FLI1 peaks were separately overlapped with
MIBC specific enhancers using “findOverlaps” function with “-type within”
parameter in GenomicRanges library (56). Overlap rates were plotted

using ggplot2 library (64).
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3.5.3.10. Visualization of ChIP-Seq Reads

H3K27ac data which are aligned to GRHg38 were RPKM
normalized with the help of deepTools Algorithm’s “bamCovarage”
command using the parameter “normalizeUsing RPKM” (65). Normalized
reads were visualized using GViz R Bioconductor package in “horizon”
type with “horizon.scale 50” parameters in “plotTracks” function (66).
GeneRegionTrack was defined as GENCODE hg38 Comprehensive
Gene Annotation Version 30 representing the annotation of the genes

throughout genome (50).

3.5.3.11. Predicting the Target Genes of FRA1 and FLI1 on MIBC
Specific Enhancer Regions
NMIBC and MIBC group specific enhancers regulating the target
genes were overlapped with FRA1 and FLI1 peak regions using
GenomicRanges package’s “findOverlaps” function (56). Gene targets
regulated by MIBC specific enhancers occupied by FLI1 or FRA1 or both
were visualized using Gephi Software (version 0.9.2) (67).

3.5.3.12. Mass Spectrometry Data Analysis

Mass spectrometry and its analysis was performed in Francis Crick
Institute with the help of Mahmoud-Reza Rafiee. Raw data obtained from
Mass Spectrometry were analyzed using MaxQuant (1.6.2.6) with default
settings (68). MSMS spectra were searched against the Uniprot
databases (Human Swissprot) combined with a database containing
protein sequences of contaminants. Enzyme specificity was set to
trypsin/P and LysC, allowing a maximum of two missed cleavages.
Cysteine carbamidomethylation was set as fixed modification, and
methionine oxidation and protein N-terminal acetylation were used as
variable modifications. Global false discovery rate for both protein and
peptides were set to 1%. The match-between-runs and re-quantify
options were enabled. Intensity-based quantification options (iBAQ) was

also calculated.
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Identified interactor proteins of FRA1 and FLI1 were filtered
(adjusted p value < 0.05) and overlapped with top 100 co-dependent
genes of MAP4K4 and FLOT1 genes by using the data provided by
DepMap (69).

3.6. Plan and Schedule of The Research

Plan and Schedule of the research are represented below in Table 9.

Table 9. Plan and schedule of the research.

2020

2018 2019 March-|2019 2020 March- |February- 2020 November
December- |2020 November- (2020 2020 September- 2020-
Time schedule 2019 June January 2020 July November [September (2021 July July 2021

Obtaining cell lines
Maintaining the cell culture
H3K27ac ChIP

Library Preparation

Sequencing of the ChIP samples
Alignment of the data

Finding MIBC and

NMIBC Specific Enhancers

and Bound Transcription Factors
ChIP-SICAP experiments
Knockdown

RT-qPCR experiments

FRA1 and FLI1 ChIP-Seq

3.7. Evaluation of The Data
Significance score of the changes in mMRNA expression is calculated by

using unpaired, parametric t test.

3.8. Ethics Committee Approval
This thesis’ proposal was given on July 2019. So, there is no need to
ethics committee approval due to working with commercial human bladder

cancer cell lines.

3.9. Restrictions of The Research

There are no restrictions of the research.
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4. RESULTS

4.1. MIBC and NMIBC Specific Enhancers

Generated H3K27ac ChIP-Seq data is used to identify active regulatory
regions in MIBC and NMIBC. 31911 number of active regulatory regions were
identified for NMIBC (n=2) and 58206 number of H3K27ac peaks were found
for MIBC group (n=4). 37% of NMIBC group’s identified active regulatory regions
overlapped with MIBC group’s active regulatory regions (Figure 4a). The
correlation of the read counts on active regulatory regions among cell lines is
represented in Figure 4b which shows that cell lines were separated into groups
by active regulatory regions. Differential active regulatory regions of two groups
were then identified effectively as it can be seen from Figure 4c. Number of
significantly (adjusted p value =< 0.05) differentially regulated enhancer regions
of NMIBC is 295 while this number is 1404 for MIBC group. Two example
snapshots representing one example region of NMIBC specific enhancers and
one example region of MIBC specific enhancers are presented in Figure 4d-e,

respectively.
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Figure 4. Active regulatory regions of NMIBC and MIBC. a. Representing the
overlap of NMIBC and MIBC active regulatory regions. b. Heatmap representing
correlation between the active regulatory regions of the cell lines. c. Volcano
plot representing significantly differentially regulated active regulatory regions
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of NMIBC and MIBC group. d. GViz figure representing an NMIBC specific

enhancer region. e. GViz figure representing a MIBC specific enhancer region.

4.2. The Target Genes of NMIBC and MIBC Specific Enhancers

One step after defining NMIBC and MIBC specific enhancer regions,
identifying the genes regulated by these regions was the next step. To find the
target genes, GeneHancer database was used. Nearly 70% of the group
specific enhancers were targeting one or more genes. In this step, it is important
to consider the expression status of the target genes. Using Gaussian Mixture
Modelling for clustering, all protein coding genes’ RPKM values of bladder
cancer cell line groups used in study were grouped as “expressed” and “not-
expressed”. Distribution of the gene expression values in NMIBC and MIBC
groups were represented in Figure 5a-b. Genes having expression value more
than -0.77 (log2 RPKM) were defined as “expressed” in NMIBC group while this
cut-off is 0.98 (log2 RPKM) in MIBC group.

Density Plot of MIBC Cell Lines' Expression b Density Plot of NMIBC Cell Lines' Expression

. density
density

; : 0 5 > ]
log2 RPKM log2 RPKM

Figure 5. Density plot representing the density distribution of protein coding
genes’ expression values of different groups. a. Density plot of MIBC cell lines’
expression log2 RPKM values. b. Density plot of NMIBC cell lines’ expression
log2 RPKM values.
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Group specific enhancers mostly regulate single gene however there are also
enhancers regulating more than one gene as it can be seen from the barplot in

Figure 6a-b.

. - d ||Illl----

Percent_of _Enhancer

Percent_of Enhancer

Gene_Number Gene_Number

Figure 6. Representations of the number of enhancers regulating a gene or
more than one genes among different groups. a. Barplot representing percent
of MIBC enhancers and the number of genes regulated by. b. Barplot

representing percent of NMIBC enhancers and the numbers of genes regulated

by.

GO Term analysis of the target genes of NMIBC and MIBC specific
enhancers show that most of the target genes of NMIBC group are implicated
in regulation of transcription by RNA polymerase |l (p adjusted value = 1.55e-
05) while the target genes of MIBC group are involved in positive regulation of
epithelial cell migration (p adjusted value = 9.21e-05), epithelium migration (p
adjusted value =0.0004) and epithelial cell proliferation (p adjusted value =
0.00046) (Figure 7a-b).
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Figure 7. GO Terms enriched in different groups. a. Enriched Gene Ontology
terms of NMIBC target genes. b. Enriched Gene Ontology terms of MIBC target

genes.

Most of the NMIBC target genes are transcription factors (16.45%) which
were defined by (70). However in MIBC target genes, there are TGFB2, CDH2,
HIF1A genes regulating epithelial to mesenchymal transition (71-73). These
results imply that target genes of NMIBC target genes are transcription factors
which might be important for maintenance of proper urothelium structure while
MIBC target genes are involved in epithelial cell migration thus probably having
a crucial role in the invasion to muscle. Example snapshots visualizing MIBC
specific enhancer regulating TGFB2 and NMIBC specific enhancer regulating

FGFRS3 are represented in Figure 8a-b, respectively.
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Figure 8. Examples of MIBC and NMIBC specific enhancers. a. MIBC specific
enhancer region (highlighted with red) regulating TGFB2 gene expression. b.
NMIBC specific enhancer region (highlighted with red) regulating FGFR3 gene

expression.

4.3. Transcription Factors Motifs on NMIBC and MIBC Specific
Enhancers
Motif search on NMIBC and MIBC specific enhancers unearthed the

transcription factors that can bind to the nucleosome free regions of the
enhancers. ATF3, FRAL, JUNB and AP-1 transcription factors are at the top of
the transcription factor motif list of MIBC specific enhancers as can be seen in
Figure 9. Tp63, Tp73, Tp53 and PPARy motifs are at the top of motif finding
analysis on NMIBC specific enhancers when the significance scores are

considered as it can be seen from Figure 10.
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Figure 9. Top 10 transcription factor motifs enriched on MIBC specific enhancers.
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Figure 10. Top 10 transcription factor motifs enriched on NMIBC specific
enhancers.

Finding out enriched transcription factor motifs is not enough to interpret
which transcription factors are playing role in building NMIBC and MIBC
characteristics. Thus, differential expression status of the top 10 transcription
factors enriched for NMIBC and MIBC groups was checked. In this regard,
FRAL is the best transcription factor candidate whose expression is significantly
higher in MIBC group than NMIBC according to both cell line (CCLE (60)) (p
value = 0.043) (Figure 9b) and primary bladder cancer tissue gene expression
data (p value = 0.0066) (Figure 10a). Besides, FLI1 is the second transcription
factor among the rest of the transcription factors that have the highest
significance score in terms of being overexpressed in MIBC (p value for cell line
groups = 0.1, p value for tissue groups = 0.07). Boxplot representing the
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differential expression of FLI1 in cell line groups is shown in Figure 11b and
Figure 12a represents the differential expression in tissue groups. On the other
hand, Tp63 is significantly higher expressed in NMIBC cell line group (p value
= 0.046) (Figure 11d) and also in NMIBC primary tissue samples (p value =
6.3e-06) (Figure 12b). GRHL2 is the other one significantly higher expressed
gene in NMIBC tissue group (p value = 0.015) as it can be seen from Figure 12b
yet it is not significantly overexpressed in NMIBC cell line group (p value = 0.09)
as it is shown in Figure 11d. PPARY is another crucial transcription factor that
has significantly higher expression in NMIBC groups both in cell line (p value =
0.049) (Figure 11b) and primary tissue (p value = 3.2e-10) (Figure 12b).
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Figure 11. Transcription factor motifs and their expression values among MIBC
and NMIBC group. a. Transcription factor motifs that are crucial in MIBC
characterization. b. Boxplots representing the expression difference between
MIBC and NMIBC cell line groups. c. Motifs of transcription factors that are
differentially expressed in NMIBC cell line group. d. Boxplots showing the

difference of expression in cell line groups.
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Figure 12. Differential expression of candidate transcription factors among
MIBC and NMIBC tissue samples. a. Tissue expressions’ difference between
NMIBC and MIBC of FRAL and FLI1. b. Tissue expressions’ difference between
NMIBC and MIBC of Tp63, GRHL2 and PPARY.

4.4. Gene Targets of FRA1 and FLI1 Bound MIBC Specific Enhancers
3834 peaks are identified as FLI1 peak regions while 31918 peaks are
identified as FRA1 peak regions. FRA1 and FLI1 peak regions overlapped with
MIBC specific enhancers with the rates 7.8% and 65.3%, respectively. However
overlap of the NMIBC specific enhancers with FLI1 and FRAL peaks are low,
0% and 1.6%, respectively. The rates of the overlapping peak regions were

represented in Figure 13.
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FRA1 and FLI1 Binding on NMIBC and MIBC Specific Enhancers
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Figure 13. Overlap of FRAL1 and FLI1 peaks with NMIBC and MIBC specific

enhancers.

Among gene targets of all MIBC specific enhancers (1752 genes), 854
genes are identified as possible gene targets of FRA1 while 201 genes are
possible gene targets of FLI1 on MIBC specific enhancers. 200 numbers of FLI1

target genes are also FRAL target genes as can be seen from Figure 14.
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Figure 14. Identified FLI1 and FRA1 transcription factors’ target genes.

Identified FLI1 and FRAL1 gene targets filtered by selecting the genes
implicated in GO Terms shown in Figure 7b including the keywords “migration” and
“cell junction organization”. A representative figure including the filtered target

genes and its regulatory protein is shown in Figure 15.
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Figure 15. FRA1 and FLI1 target genes implicated in “positive regulation of

epithelial cell migration”, “epithelium migration”, “regulation of epithelial cell

migration” or “cell junction organization” GO Terms.

4.5. FRA1 and FLI1 Knockdown Leads to Downregulation In MAP4K4
and FLOT1 Genes Implicated In Epithelial Cell Migration and Cell
Junction Organization

Unique FRA1 and FLI1 siRNA knockdowns resulted in nearly 60%
decrease in both protein and mRNA levels of FRAL1 and FLI1, respectively.

Graphs representing the changes in mRNA and protein level and western

membranes showing the changes in protein levels are can be seen from Figure

16a and Figure 16b. On the other hand, double knockdown (FLI1 + FRA1
together) did not yield a significant change in protein levels, as shown in Figure
16a-b.

MAP4K4 gene is one of the target genes of both FLI1 and FRA1 as it can
be seen from Figure 15. Both FRA1 an FLI1 unique knockdown resulted in
nearly 50% decrease in MAP4K4 gene mRNA levels (Figure 16c). FLOT1 is

another co-target gene of FLI1 and FRA1l and its expression level was
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decreased up to 50% after FLI1 knockdown and nearly 30% after FRA1

knockdown. Graph showing changes in mRNA levels of FLOT1 can be seen

from Figure 16c.
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Figure 16. Changes in protein and mRNA levels after knockdown experiments.
a. Changes in FRAL1 mRNA and protein levels after 48 hours and 72 hours from
knockdown.b. Changes in FLI1 mRNA and protein levels after 48 hours and 72
hours from knockdown. c. Changes in FLOT1 and MAP4K4 mRNA levels after
48 hours and 72 hours from knockdown. (n=2 biological replicates, error bars
are representing -/+SD of the mean, unpaired and parametric t-test was used, *

p value < 0.05, ** p value < 0.005, ns means the change is not significant).
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4.6. SWI/SNF Complex Is Implicated In Gene Regulation via Interacting
with FRA1 and FLI1

ChIP-SICAP experiments identified 1436 numbers of co-regulatory
proteins of FRA1 and 103 numbers of co-regulatory proteins of FLI1
transcription factor (log FC >1, adjusted p value < 0.1). Most of the proteins
identified are located in the nucleus and chromosome as it can be seen from
Figure 15a indicating the efficiency of ChIP-SICAP experiment. Scatter plots
showing the correlation between ChIP-SICAP replicates for both FRA1 and
FLI1 (Figure 17b-c) highlight some critical chromatin proteins implicated in
gene regulation. Both FRA1 and FLI1 are also identified in the interactomes of
FRAL and FLI1 ChIP-SICAP experiments, demonstrating the specifity.

Important components of SWI-SNF Complex (BAF) were identified as
FRAL interactors such as ACTL6A, ACTB, SMARCA4, SMARCE1, SMARCC1
and SMARCBL1. On the other hand, SMARCC2 from this complex is one of the
interactor of FLI1.

In this study, MAP4K4 gene is reported as one of the genes regulated by
FRAL and FLI1 transcription factors. We integrated our ChIP-SICAP data with
the data present in DepMap (69). Our results show that MAP4K4 co-dependent
genes IQGAP1, FHL2, PARP2 and CAB39 proteins are identified as FRAL
interactors. FLOT1 was the other gene which is determined to be regulated by
FRA1 and FLI1 in this thesis. Integration of ChIP-SICAP and DepMap for
FLOT1 gene showed that CLIC1, REXO4, GNL1 and FAM50A are interactor
partners of FRA1 (69). However there is not any overlap with FLI1 interactors
and FLOT1 co-dependent proteins. Based on all this results, hypothetical

regulatory schemes for MAP4K4 and FLOT1 are constituted (Figure 18).
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Figure 17. A general representation of FRAL1 and FLI1 ChIP-SICAP experiment
results. a. FRA1 and FLI1 interactor proteins’ distribution in cellular components
(proteins with fold change > 1 and adjusted p value < 0.1). b. Scatterplot of the
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FRAZ1 (left) and FLI1 (right) ChIP-SICAP replicates. Values in x and y axis represent
log2 iIBAQ values of replicates normalized to no antibody control. Identified proteins

with adjusted p value < 0.05 are shown in red color.
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Figure 18. Hypothetical transcriptional regulation mechanisms of MAP4K4 and
FLOT1 genes. Line dash means physical interaction may not occur with the nearest

protein.
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5. DISCUSSION
The aim of this thesis was characterizing MIBC and NMIBC groups according

to gene regulatory mechanisms via identifying differential enhancers. Differential
active regulatory regions of MIBC and NMIBC groups were identified and their
target genes and transcription factors enriched at these enhancers were reported.

In NMIBC group, GRHL2 transcription factor was one of the transcription
factor found enriched at NMIBC specific enhancers. Its expression is significantly
higher in NMIBC group in tissue samples. Recently, GRHL2 is defined as “anti-
oncogene” and preventing epithelial to mesenchymal transition in bladder cancer
cell lines by regulating ZEB1 (74). Its metastasis reducing effect is also shown in
gastric cancer (75), colorectal cancer (76) and prostate cancer (77). Epithelial state
of the cells were maintained with GRHL2-miR 200-ZEB1 co-operation in ovarian
cancer (78). Tp63 is another transcription factor determined to be enriched at
NMIBC specific enhancers. Its role in driving the basal-like phenotype in urothelium
is well defined, suppressing differentiation by triggering the expression of basal
markers (79). In bladder cancer, Tp63 is reported to be in the opposite direction of
gene expression with some Zeb family transcription factors in tumour samples yet,
surprisingly, DNp63 isoform overexpression is positively correlated with low
survival of the patients (80). Like Tp63, PPARYy is another transcription factor
enriched at NMIBC specific active regulatory regions which has also significantly
higher expression levels in both tissue samples and cell lines. Although it has a role
in pre-adipocyte to adipocyte transition (81), it has also a defined role as a tumour
suppressor in bladder tumours in a pre-print (82). It is also reported that silencing
PPARYy results in decrease in invasion of bladder cancer cell lines by regulating
AKT-GSK3B pathway (83). In another study performed with bladder cancer cell
lines, PPARYy is highlighted as a candidate therapeutic target of bladder cancer due
to the decrease in proliferation of bladder cancer cell lines when PPARYy is
inactivated (84). Considering all of the knowledge together, it can be said that
GRHL2, Tp63 and PPARYy transcription factors have crucial roles characterizing
NMIBC however when the target genes of NMIBC specific enhancers is
considered; most of the target genes were transcription factors which are most

likely associated with preservation of epithelial characteristics but could not be
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directly linked to NMIBC regulation. Because of this reason, thesis project was
continued with exploring the gene regulatory mechanisms characterizing MIBC
group.

In MIBC group, among top ten transcription motifs enriched at differential
enhancers, FRA1 transcription factor was the one significantly differentially
expressed in MIBC group in both tissue samples and cell lines. FRAL transcription
factor was one of the Fos family members, previously identified to enhance cell
motility of bladder cancer cell lines (35) and it was also reported to increase
metastasis ability of breast cancer cell lines (85). Besides, in colorectal cancer,
epithelial to mesenchymal transition is found to be dependent to FRAL expression
(86). FRAL1’s positive regulation of metastasis and proliferation is also reported in
squamous cell carcinoma (87). In triple negative breast cancer, its down regulatory
and up regulatory effects on genes were well defined, together with FRA2 or
uniquely (88). Another transcription factor enriched at MIBC specific active
regulatory regions is FLI1 which is over-expressed in MIBC cell lines (p value = 0.1)
and tissue samples with borderline significance (p value = 0.07). FLI1 transcription
factor is mostly known with its role in development of erythroleukemia (89). On the
other hand, FLI1 is needed for hematopoietic stem cell development (90, 91),
indirectly regulates the expression of VE-statin/egfl7 which is expressed in
endothelial cells (92) and it is one of the activator of Endoglin gene expressed
during angiogenesis (93). Besides, overexpression of FLI1 leads to a switch from
epo-induced differentiation state to proliferative state in erythroblasts (91). In this
thesis, FLI1 transcription factor is defined as a regulator of muscle invasion in
bladder cancer cell lines for the first time.

Identifying FRA1 and FLI1 transcription factors as activators of muscle
invasion in bladder cancer was followed by defining their target genes and
observing the molecular changes after they are silenced. Unique knockdown of
FRAL and FLI1 genes lead to a decrease in the expression of MAP4K4 and FLOT1
genes. This result shows that FRA1 and FLI1 genes activate the expression of
MAP4K4 and FLOT1 genes via binding to MIBC specific enhancers located at
chr2:101514957-101521268 while activating MAP4K4 expression and
chr6:30768451-30770663 and/or chr6:30780705-30783488 located enhancers to
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induce FLOTL1 gene expression. MAP4K4 gene is known to promote invasion in
medulloblastoma cells (94), support metastasis in hepatocellular carcinoma when
JNK and NF-kB pathways are activated (95), crucial for the invasion of glioblastoma
(96). Moreover, in T24 cell line, downregulation of MAP4K4 gene leads to a
decrease in both proliferation ability of the cells and invasion (97). FLOT1 gene is
also reported as supporting proliferation and recurrence in bladder cancer tissue
samples and its overexpression is related with invasion of the bladder cancer cells
(98). FLOT1 also induces epithelial to mesenchymal transition in lung
adenocarcinoma by affecting ERK/Akt pathway (99). Another study reported that
degradation of Snail protein in prostate cancer is prevented by sumoylated FLOT1
gene indirectly leading epithelial to mesenchymal transition (100). Overall, in this
thesis, MAP4K4 and FLOT1 genes are found to be regulated by FRA1 and FLI1
transcription factors and characterizing MIBC.

In this thesis, co-partner proteins of FRA1 and FLI1 transcription factors are
tried to be found using ChIP-SICAP method. SWI-SNF Complex (BAF) proteins
ACTL6A, ACTB, SMARCA4, SMARCE1, SMARCC1 and SMARCBL1 are identified
as co-partner of FRAL indicating cooperation between SWI/SNF Complex and
FRAL in transcriptional regulation. BAF Remodelling Complex is ATP dependent
and has ability to change chromatin dynamics thus regulating gene expression and
it is crucial for neural development (101). BAF Complex’s activity is also reported
as essential for embryonic development and loss of its subunits results in
H3K27me3 accumulation and deregulates embryogenesis and forebrain
development (102). In this manner, identifying many of the subunits in BAF complex
as FRA1 co-partner proteins indicates that BAF Complex components regulate the
opening of chromatin at MIBC enhancers. On the other hand, there was just one
protein from BAF Complex in FLI1 interacting proteins but this can be because of
the different efficiencies of FRA1 and FLI1 ChIP-SICAP experiments as well; when
it is considered that less number of FLI1 interacting proteins was identified
compared to FRAL.

Other proteins implicated in transcriptional machinery characterizing MIBC
group are predicted by using Cancer Dependency Map (DepMap) (69). Considering
dependency between experimentally validated gene targets (MAP4K4 and FLOT1)

57



and FRA1 or FLI1 interactors, co-partner proteins of FRA1 and FLI1 that have a
role in the regulation of MAP4K4 and FLOT1 genes are predicted. Among the
genes MAP4K4 to be dependent on, IQGAP1, FHL2, PARP2 and CAB39
overlapped with the FRAL1 SICAP interactors. IQGAP1 is a protein that functions in
both nucleus and cytoplasm and having distinct roles and far-going interactors
(103). FHL2 is a transcriptional regulatory protein known to be regulating the
expression of p21 with the guidance of matrix mechanics (104). PARP2 protein has
crucial role in DNA repair (105) and overexpressed in acute myeloid leukemia
patients (106). CAB39 is another FRAL interactor protein however its function in
nucleus is not defined and known as a cytosolic protein so it is not thought to be in
transcriptional regulation of MAP4K4. On the other hand, there are not any
overlapping FLI1 interactors among the genes MAP4K4 is dependent probably
because of the low efficiency of FLI1 SICAP experiment.

FLOTL1 is the other target gene of FRA1 and FLI1 at MIBC specific enhancers.
Genes dependent on according data in DepMap overlapped with CLIC1, REXO4,
GNL1 and FAM50A FRA1 SICAP interactor proteins. CLIC1 can be found both in
nucleus, cytoplasm and the membrane of the cells and reported as enhancing
cancer cells invasion ability (107), supporting progression of gastric cancer via
MAPK/AKT pathways (108). REXO4 protein is one of the DNA binding proteins yet
its biological function is not defined yet. GNL1 protein is a nucleolar GTPase and
reported as overexpressed in bladder cancer (109). FAM50A is a nuclear
localization signal carrying potential transcription factor which is reported to support
ameloblast differentiation by physically interacting with RUNX2 (110).

6. CONCLUSION AND FUTURE ASPECTS
FRAL and FLI1 transcription factors are possible drivers of invasion to muscle

in bladder cancer cell lines by regulating MAP4K4 and FLOT1 genes’ expression.
Transcriptional regulatory complex of FRAL potentially includes IQGAP1, FHL2 and
PARP2 proteins while regulating MAP4K4 gene expression while CLIC1, REXO4,
GNL1 and FAM50A proteins might be in complex with FRAL for regulation of
FLOT1 expression. Most of the component proteins of BAF Complex of SWI/SNF

Complex are found as FRAL interactors indicating highly dynamic chromatin
58



structure. In this manner, targeting MAP4K4 or FLOT1 can be good targets in the
treatment of MIBC.
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