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ABSTRACT

ASSESSMENT OF 1BETA-ESTRADIOL-ESTROGEN RECEPTOR ALPHA
COMPLEX-MEDIATED CHANGES IN GENOMEWIDE METHYLATION
AND GENE EXPRESSIONPROFILES

User, Sérma Daml a
M.S., Biology Department
Supervisor: Prof. Dr. Mesut Muyan
May 2016,142 pages

1 7-éstradiol (E2)the most potent estrogen hormoireuces cellular responses
primarily through Estrogen Receptarl pha ( ERU), which is a
Interfering E2 signaling indicates that E2 is mitogenic for cells, exemplified by

MCF7 cell s derived from breast adenocar ci

Studies used exogenoasx pr es si on -odgatie Rel linesnto eEafilde
structural/functional properties of the receptor. What was unexpécedthese
studies is the observation that E2 treatment represfiakar proliferation. However,

mechanism(s) of this paradoalgohenomenon remains unknown.

Methylation is an important epigenetic DNA modificati@hanges in methylation
alter gene expressions critical for cellular proliferation/differentiation, embryonic
development, genomic imprinting and cancer. We thegdigpothesize that distinct
methylation statuses of responsive génesr e g u | a tuaderife diffezegtialo n s
gene expressions, and hence, proliferaiveéantiproliferative effecs of E2 in cell

models.

To test this prediction, we generated a acelb d e | stably express
MDAMB231 breast cancer cell lineO f the monoclones synthe
MDA-ERUBased on expe c,iwasdkeleEd® s theucallanodeloton s

\



comparatively assegbe E2 effectson changes in methyine and transcrigime

profiles to those observed in MCF7 cells.

Our studiessuggesthat cell models have cedpecific methylation patterns for the
same genomic region at which E2 induces distinct alterations and differentially
modulates gene expressions. However, duthé@oexistence of variations among
experimental replicates, establishing a correlation between the methylation statuses
to gene expression profile of cell lines appears to be immature. Anincrease in sample

size could circumvent this issue.

Keywords: egogen, estrogen receptor, methylation, gene expression
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17BETA¥STRADKGITROJEN RESEPTY¥R ALFA KOMPL
ARACI LI JI KLE GENOM ¢API NDA OLUKAN METK
KFADESK DEJKKKKLERKNKN BELKRLENME

User , Sérma Daml a
Y ¢ ks ek Bliysod nog ,i Bo1l ¢ myg
Tez Y°%°netci si: Prof . Dr . Mesut

May és 128ayf® ,

17 tradi ol (E2), en g/ée- Itégr adnsstkrrad jpesn yloor m
¥strojenaRéasepERUh caradel djidgylok yaneét én
ol ur . E2 sinyal yol ajéna m¢dahale i1ile 'y
endojen ol arak sentezleyen h¢gcrelerde E2

glesteril miktir.

ERdDegati f h¢,cErRed &hwect dlasak Senterzlamesiyler e sept °r ¢ n
yapéosakhkiy Klarie-1a éfteawet é r . Bekl enmdéidgick eskan
-0] aylbmua h¢cre hatl arénda baskél amasédeér.

belirsizIlijini korumaktadeéer.

Met i | asyoinepig¢hekenmldii fh kasyondur. Metil asyo
i fadelerindekiembeyonri kIl igkelldrki m, genomi k
bakkavlVvekangemébi bir - ok mol e kBuheglenlegenteline mde g ¢
dé¢zenl eyici b@ | getl ielra snydeefika d kf raér rhdl @em éinféeand e |
nedenle de E206nin endojen ya da harici ol
h¢cre -o0ojJjalmaséné destekleyen ya da eng

var sayéménda bulunuyoruz.
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CHAPTER 1

INTRODUCTION

1.1. Breast Cancer

Breast cancer is the most common cancer amongewaevorldwide and incidences

in men are also present. Blye end of 2016, 246,600 women are expected to be
diagnosed with breast cancer and estimated death(804i, the United States of
America[l]. Breast cancer is also the leading cancer type amongen of Turkey

with an average incidence rate of 40.7/100,000 in 28i@ is the eighth most
common deatlbauseamong women, with a ratio of 2.1[%j.

Breast cancer is farmidable diseasdue to its heterogeneity in terms of molecular
and clinical subtypes. As of 2013, breast canchkrssification consists of
histopathological and molecularaits [3]. The histopathological classification is
based on morphological (i.e. tumor size, location, grade and whetheistagitiary

lymph node metastasis or not) and immunohistochemical analyses of tissue samples
in terms of estrogen receptor (ER), progestereneptor (PR) and human epithelial
growth factor receptor 2 (HER2¥ynthesis.On the other hand, atecular
classification is based on differential gene expression pattern of subtypes, which
provides more detailguictureabout the heterogeneity of the carcind@laA better
understanding of underlying mechanism involved in the initiation and progression of
breast cancer and the advent of technologies are enabling the desrglopvarious

platforms for sutype classifications with the potential of pati¢atgeted therapies.



1.1.1. Breast Cancer Cell Lines

In order to study variousundamentalcharacteristics of breast cancaibtypes
immortalizedcell lines or cell lines derived from primary tumtiave beemsed for
decades. Twdreast cancer models used in this study are MCF7 and MDAMB231
cell lines. MCF7 cell line waderivedfrom a pleural effusion surgically removed
from a 69yearold patient with metastatic breast cancgd]. MCF7 cells
endogenously express FEaRbmbiaatioh whicR alldws t not HE
MCF7 cells to be used as a model for hormegsensitive breast cancef5].
MDAMB231 cell line wasderivedfrom a pleural effusion surgically removed from

a 5kyearold patient having an inner quadrant tunj6f. Unlike MCF7 cells,
MDAMB231 cells are classified as triple negative in terms of ER, PR and HER2
expressionThis cel line has been used as a model for trpdgative breast canger
which displaysan aggressive profile both in diagnosis, treatment and reoccurrence

[7].
1.1.2. Estrogen Signaling in Breast Cancer

Estrogen signaling in breast cancer is important for both disease initiation and
progression. To better understand the molecular mechanism, features of estrogen

recept o restrachohiglexplaindad in the following sections.

1.1.2.1. Features of Estrogen Recdprs

In mammals1 7-@stradiol (E2) transmits the signal throughréseptors estrogen

receptoJ( ERU) and ERB, whi c8],[8r eERUW ains cg i rptt i eosni 4
fromESR1f ound on the 6qgq25.1 | ocuBESR2geneer eas ERD
found on 149224.1 genomic locug9]. Estrogen receptors are type | nuclear

receptorg10] and theyareexpressed at different levels in various tis§dés Upon

translation, they forrheERU or ERbB homodi meheteradismerwel | as t
when cesynthesized8]. ER dimerstranslocate primarilyo nucleus independently

from E2binding[8]. In breast tissue, HRs the primary ER subtype to convey E2

signaling thategulatescellular proliferation, motility, and deaff1].



ERU and ERb have ¢ ommwith sixsstructural tdonraiad pr org
contributing to their similar functiongl1]. The A/B region of ERs having 17%

amino acid identity betveen ERs is the Nterminal ligandindependent
transactivation domain and it involves in protpiotein interactionsesponsible for
activation of target geneanscriptiors [8], [9], [12]. C region comprises the DNA
binding domain (DBD), and it is important for DNA bindiability of ERs as well

as for their dimerizatiofalbeit weakly) This domain $ highly conserved between
ERsand shar®7% amincacid identity [9]. D domainwhich is also known aghe

hinge regiorshows higidivergenceb e t we e n  E Rvith a ahard 0% Rnfino

acid identity[9]. The hingeregion containsnuclear localization signal (NLSnd
alsonumbes of motifs for posttranslational modificationmcludingacetylation and
sumoylation9]. In addition,the D domairconnecs theC and E/F domas8]. The

highly conserved (56% amino acid identity) E/Ficegis located at the -@rminus

of the receptorand it possesses ligathihding danain (LBD), dimerization domain

and liganddependent transactivation function (& (Figurel) [9]. The bnding of
E2induces conformational chargjen t he car boxyl ter minus
more stable receptor homodimer and a binding surface for cofacibis
conformational change allows the formationaofransdptionally activeE2-E R U

complex to regulatthe expression of E2esponsive gend8].

1 180 263 302 595
ERa[ A/B C D E/F ]
17% 97%  30% 56%
ERp [ A/B C D E/F ]
1 144 227 255 530
Figure 1. Schematic representation of domains of

Numbers at the end of dashed lines show amino acid length of regions. Percent values show amino
acid identity between corresponding domains of ER proteins. Figure depicts proteinsteomiis
to Gterminus.



1.122. Feat ur e-Bstramibl 17 b

Estrogens are steroid hormones acting on estrogen receptors to induce signaling

cascade. Estrogens are synthekiZeom cholesterol primarily in the ovaries.

Although minor amounts of estrone (E1) and estriol (E2) are present, the most potent
estrogen hor mone i-estradidh @€2)rl]. E2dsuinva@vedinon i s 17656
various physiological functions including development and maintenance of

reproductive organs, regulation of cardiovascular, muscoskeletal, immune, and

central nervous system homeost§$g], [14]. In addition, E2alsocontributes tdghe

initiation and development of target tissue malignes{13], [14].

E2 is considered as a proliferative agestudies with E2 withdrawalor E2

antagonists clearly show that E2 is required for proliferation di-gsitive cell

lines, including MCF7 cell§l5]. To studythe structural and functional features of

ERU in br eas grougsattemptad ,to exogenbug express ERU by
transfectios [15]1[19] or viral infection[20] in an effort to generata model that

emul at es endogenously E Rdglls. ¢lawevere thes i n g br ea
paradoxical observation was tiatE RU s y n t h engroducedrexpgeacadlyl s

the cellular proliferationis repressed in response to E2contrast to cellshiat

synt hesi ze ERJhngeanddlordae (1291)sQangaal (1992), and

Lazennec and Katzenellenbogen (1993) attempted to enable hormonal
responsi v emegaiveMDAMB23E Breast cancer cells by using stable

transfectionof E R (J17], [21] or viral infection [20], and they independently

observed hat E2 represses prolifei@t. This was also the case in which E2

effectively repressed the proliferation of MDAMB468 celiabdy transfected with

ERU ¢ R Zajchowskiet al (1993) studied different E2 response pathways in

between normahuman mammary epithelial cells a@dT breast cancecells by

using stable transfection and obtained similar re$iii In addition, observations

indicate that gene expressions involved in cellular proliferation in response to E2

ERU are differentially alteredin cell lines expressing ERU endogen
exogenously23]. Although these pioneering studies provided a model system to

study structural/functional features of ER

response to E2 differentially regulate cellulaoleration remains unknown.
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1.1.23. E22ERU Signaling

Newly synthesi zed theEdimértrah$locetsrtd theersicleus n d
independeny from E2 binding while a small portion (nearly 5% ER remairs
outside of nucleus and locat® membrane, cytoplasm and mitochondia], [24].
Different intracellular loclzations of ER allow E2 signaling to occur from various
locations Although extrauclear ER contributes, theng-lasting phenotypic effects

of E2on cells rely on the nuclear ER.1].

TheE2-2ERU compl ex r egul at e ghergEstrogen Respensives s i o n
Element (EREdependent or EREhdependent genomic signaling pathw&jgure

2). EREs are palindromic sequences (GGTC.
nucleotide) found on the regulatory regions ofré@ponsive gend$], [25]. It was

shown thathe E2E RU ¢ o mp | e xthea@nsensbsi ERE sequenbaving

only one nucleotide change in the core sequence but can tolerate up to three
nucleotide changes when surrounding sequenceleotore containg cytosine

andor adenosine residyes]. Unl i g a nalsecdpatfeRibinding to ERE

with oscillation; however this interacti
i ncreases t hdimesanadifinity fotoyegutatorypetRits as well as

ERE interaction periof6].



Figure 2. Schematic representation of ERElependent (A) and EREindependent (B) genomic
E2-ERU signal i ng.

When E2ERU directly binds to ERE sequences on
genome, it is callethe ERE-dependent EERU si gnal ing phat hway. Ho
E2-ERU c¢ o m palscability hoanseract with other transcription factors such as

AP1, Sp1 which aralready in contact with their respective response elements on the

genomein regulatingdownstream gene expresssdi?2]. In this situationthere is

not a direct interaction between responsive elementtB2-E RU compl ex, t he
signaling pathway ishence called asthe EREindepedent E2ERU signaling

pathway.Both nuclear pathways awitical for the transcriptionalegulation of

estrogen responsive genes involved in the cellular proliferation, differentiation,

migration and death.

1.2. Methylation and Its Relation to Breast Cancer

Methylation of DNA at cytosin€C) nucleotides is an important epigenetic alteration
that results in differaral gene expressiaj27], [28]. Different methylation statutes
of thesame regions on the genome in different tissues act as a mark fospssifec

gene expression profileAccordingly, itis suggestedhat differences in gene
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expressions caused by DNA methylation are necessary for embryonic development,
genomic imprinting and »hromosome inactivation, silencing of transposable

elements, stem cell differentiation, and inflamma{@n|i [30].

In eukaryotesC residueso peci fic regions, namely CpG
denoting the phosphate group betwegtosine and guanine (Gjucleotidesare

methylated, and these methylated regions could define transcriptionally active,
inactive, or unaffected regiori80], [31]. In addition, it was reported that CHG
residueqalso shown as CpHp®i t h 6 H6 denoti ngthgmng of th
(T) and C nucleotides are also methylajgt]. DNA methylation ismediatedby

DNA methyltransferases (DNMT) having conserved catalytic domains. DNMTs
enablethe transfer of a methyl group froadenosyimethionine (SAM) to the-5

position of the cytosine ring (Figuf®, resultng in methylated CpG dinucleotides,

and the methylation status is maintained by DNMT1, DNMT3A, and DNMT3B
proteing[28], [29].

5-methyl Cytosine
NH, S-adenosylhomocysteine NH,

| J |
DNA Methyltransferase
C c CH
~ 7N 3
N & C S-adenosylmethionine NZ” ol
| ¢ |l = = | 5-mc |
O//C ~N C Demethylase O¢C N /C
Cytosine

Figure 3. Schematic representation of cytosine methylation and demethylatiofrigure was
adapted from the articl@8].

Continuous improvements in molecular biology techniqaes enablingthe
explorationof whole ggnome methylation pattern of a giveystemin a singlebase

pair resolution[31]. Most commonly used techniqure methylation studiess the
conversion of cytosin® uracil residuafter bisulfiteinduced oxidative deamination

on the genome. In this approaahngethylated cytosines are protected from the
conversion to uracil, which allows the use of direct sequencing to determine the

locations of unmethylated cytosin@sgure4) [28].
7



Determination of Cytosine Methylation by
Bisulfite Conversion Genomic Sequencing

Genomic DNA Per Product

Sequence Sequence G A T C
5 C 5 @ 5@ T
G G G -
A Bisulfite A pr A =
conversion T Amplification Sequencing T - d
CB [ C > C -
G G G b
c ) @ ok
T T T (e
3 A 3 A 3 g
G ATC
5 C 5 C 5 C S -
G G G EE :
A -
T Untreated ? per : :
control Amplification Sequencin =
¢ —— ¢ . 5 ¢ -
G G G -
c c C -
T T T -
3 A 3 A a3 -

Figure 4. Bisulfite-induced oxidative deamination of methylated cytosine residuesmage was
taken from the articlg8].

DNA methylation and demethylation processes are highly dynpmicessesnd
balanced eventsThe physical accessibility of methylatiorprone regiors to
methylation machinergn the chromatiduring these ghamic eventgs an important
factor in gene regulationsAccordingly, there are different mechanisms for
transcriptional regulation caused by methylation. It was suggettad the
methylation of DNA facilitates recruitment ofethylated DNA binding proteins
such asmnethytCpG-binding protein land2 (MeCP1 and MeCP2, respectively)
which furtherrecruitco-repressors and histone deacetylases (HDAC) together with
histone methyltransferases resulting in a less accessible chrao@ittmmation for
transcription machinerj28]i [30]. Another suggested mechanism for methylation of
cytosine to represdownstream gene expression is the prevention of binding of
transcription factors by occupying their corresponding binding region(s) on the
regulatory regions of genonji28], [30]. In addition, emphasizing the importance of

dynamic harmony between methylation of chromatin and chromatin structure, due to

8



chemical structure and charge of the methyl groups added, chromatin becomes
inaccessible to transcription wfanery[27]i[29]. However, although methylation
events close to promoter and/or regulatory regions of genes are congsidefbett

the repressed state of transcriptibmvasalsosuggested that methylation in the gene
body regions facilitates a prolonged transcription ratherttiaascriptionprevention

[30].

1.2.1. Methylation in Breast Cancer

Various studies suggested thatdl hypermethylation of tumauppressor genes and
general hypomethylation of proliferatioelated genesplay critical roks in
carcinogenesig27]i[29]. According to Szyfet al (2004), stagespecific DNA
methylation could be used as signatures for staging primary breast eadcaiso

for breast cancer stypes[29].

The absence of ERU expression in some
hyperm¢ hyl ati on of t H29], [BOR Studigseinckidind DMAU s
methyltransferase inhibitors (e.g. nucleoside analogaeableoxy-cytidine, 5aza

CdR) and antisense oligodeotides againsDNMT1 transcript showed that
methylated genes in cancer cells candsetivated29]. In MDAMB231 cells,the
expression oERUwasactivatedupon5-azaCdR treatmen{32].

DNA methylation profiles of primary breast cancer and metastatic breast cancer show
distinct gene expressi patters [29]. Together vith improvements on experimental
approaches, there are number of studies focusing on the relationship between breast
cancer andgenomewide DNA methylation. Corroborating findings from tumor
samples with ER-positive or E R4degativestatugs experimental studiessing
hierarchcal clustering analyses showddat methylation patterns differ among
endogenoespye&8Ung -negalivecslls [28)i[85]. B Brder to
identify localizationspecific methylation patterns, immunoprecipitation against
methylated DNA approach was used by Rugkeal and samples were sequenced
[36]. Similarly, Unget al. (2014) studiedhe relationship betwedeRUbinding sites

and the methylation pattein silico [30]. In their study, they suggested that ER

bindingto ERE sites dramatically altered by methylation patterns in genome level.

9



They also uncovered that methyla@dGs,highly correlated with gene expressspn

are enriched in regions 1kb or more downstream of transcription start sites,
suggesting significamegulatory roles for CpGs distal to gerenscription start sites
[30].

1.3. Aim of the Study

E2 is considered as a proliferative agefdawever, pioneering studies assessing the

action of mechani sm of ERU rEQvepraskesd a par a
cellular proliferation of breast cancer cells expres&ng utroduced exogenously

[15]7 [19] as a result ofepression ofenes involved in proliferatio[23].

Since distinctDNA methylation patterns contribut¢o altered gene expression
signatures that resuh the manifestation of breast cansaibtype [28]i [30], [32],

we suggest that differences in gencmiele methylation statuses of cell lines
expressing ERUs exegenbosly eould wreérlie differential gene

expressions, and henttee polarity inthe direction otellular proliferationas well

10



CHAPTER 2

MATERIAL SAND METHOD S

2.1. CellLines andTreatments
MDAMB231 and MCF7 cells were kind gifts of Dr. A. Elif Erson Bensan from

Middle East Technical University, Ankara, Turkey. Both cell lines were maintained

in high glucose Dulbeccobés modified eagl

(Lonza, Belgium, BEL2-917F) supplemented by 8% fetal bovine serum (FBS,
Biochrom AG, Germany, S0115), 1% penicillin streptomycin (P/S, Lonza, Belgium,
DE17-602E) and 0.5% iGlutamine (Lonza, Belgium, BEIGO5E) (DMEM/FBS).

MDAMB231-FlagE RU (-HBRA5) and MNMDMIBE] dgble cell

lines were maintained in DMEM without phenol red supplemented with 8% dextran
coated charcoal (Sigma Aldrich, Germany, C6241) stripped fetal bovine serum (CD
FBS), 1% P/S, 0.5% -Glutamine and 0.750 mg/mL -&18 solution (Roche,
Germany, 0472789400 (CD-FBS/DMEM, Appendix A.

Al | cells were grown as monol ayers in

C0O,, and maintained for siweek maximum.

2.1.1. Treatments

For treatments, cells were seeded in phenoefreel DMEM supplemented with 8%
CD-FBS, 1%P/S and 0.5% {Glutamine and grown for 48 hours for hormone
depletion. Whenever it was appropriate, various treatment groups for different
durations were used. These treatment groups included 1) physiological
concentrations (I®M) of the steroid hormoné 7-éstradiol (E2, Sigma Aldrich,

95

Germany, E2257), 2) 10M o f compl et e ERU antagoni s
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Industries 182,780 (ICI, Tocris Biosciences, MN, USA), 3) a combination of E2 (10
M) and ICI (10’ M) and 4) 0.01% of molecular grade ethanol asaleltontrol.

2.2. Transfection
Transfection of mammalian cells with suitable vectors is a useful approach in
molecular biology. In our study, we performed two typEstransfections as

explained in the following sections.

2.2.1. Transient Transfection

The transfection complex for transient transfectiéor one well of a sixwell plate

was prepared as foll ows; t wo Og -flRdNA was adoc
DMEM. Four OL of TurboFect Transfection Re
R0531) (2 OLaddedandaftekd brief @osex, mixture was incubated at

room temperature for 30 minutes for transfection complex formation. Medium in the

wells was refreshed and the transfection complex was added into wells dropwise.

Four hours after transfection, medium the wells was refreshed. Appropriate

experiments were done subsequently.

2.2.2. Generation of Stable Cell Lines

MDAMB231 cells were seeded into a siell plate as 75x10cells/well in 8% CD

FBS/ DMEM. 48 hours | ater, cepcDMA3WEr e transf
FlagE RU or 2) -)msdnptr&ctot (E\) control plasmid. Transfection

was performed as described ir2.2. Three days after transfection, medium was

changed to CEFBS/DMEM medium containing 1.5 mg/mL of-&L8 solution for

selection opositive colonies. Medium was changed in every three days until colony

formation was observed in pcDNA3:EfFlagE RU  aEN dwells. Individual

colonies (namedas MDERU# wi th O0#6 denotingEVthe col on:
for TEV control) were selected with enmL pipette tip and transferred into separate

wells of a 48well plate. G418 concentration was kept as 1.5 mg/mL wlbnies

were frozen as stockiSsor maintenance of the cells;438 concentration in the media

was used at 0.750 mg/mL.

12



Clones were seened with Western Blot analysis for FHBQRU pr ot ei n synt h

2.3. Western Blot
Western Blot analysis is used to detect proteirgels by appropriate antibodies. In

the following sections, steps of Western Blot are explained in detail.

2.3.1. Total Protein Isolation

Cells were seeded into sixell plates as 15xTwell in CD-FBS/DMEM. 48 hours
later, cells were collected by trypsinization (Lonza, Belgium, BEGYE) and
centrifuged at 600 g for six minutes. Cell pellets were washed twice with 1X
Phosphate 8ffered Saline (PBS, Lonza, Belgium,-2Z6). Cell pellets were lysed

wi t h 250 -PHR/ Maeindlian Mrotein Extraction Reagent (Thermo
Scientific, USA, 78501) containing 1X cOmplete, EDr&e protease inhibitor
(Roche, Germany, 11873580001) for 20 nba@su at room temperature with
intermittent vortex agitation. Cell lysates were centrifuged at 14,000 g for 20 minutes
at 4AC. Supernatants were <collected wit
concentrations were determined by Quick Start Bradford iArétssay (BioRad,

USA, 5000201). Proteins were storedgt) A C .

2.3.2. Western Blot

Proteins as 50 Og/ sampl e SBSPAGE with®d ed i n-
stackinggees f ol |l ows; volumes of samples cont
equalized byadding distilled water and samples were denatured in 6X Laemmli

Buffer (AppendixB at 95AC for six minutes. Equal
into wells. Gel was subjected to electrophoresis for approximately two hours at 100

V. Gel was then transferdeonto a PVDF membrane (Roche, Germany, 3010040001)

using wet transfer system for 60 minutes at 100 V. Membrane was blocked with

buffer containing 5% skim milk (Birad, USA, 1766404) in 0.05% Tris Buffered
SalineTween (TBST) f or -ZDRadtibadyH(8nta Cruz Biotechnology Inc.,

USA, se5 4 3) for one hour at r @mantibddewap er at ur

diluted to 1:500 in the blocking buffer and the membrane was incubated for one hour

13



at room temperature. After incubation, membrane was washed threg wWith
0.05% TBST. An HRRconjugated secondary antibody (Santa Cruz Biotechnology,
USA, sc2004) was prepared as 1:2500 dilution in the blocking buffer and the
membrane was incubated for one hour at room temperature. After three times
washing with 0.05%IBS-T, the membrane was incubated for five minutes with
enhanced chemiluminescence (ECL, -Biad, USA, 1705061) in 1:3 luminol

enhancer reagent: peroxide reagent ratio. Vi
MP system (BieRad, USA, 1708280) and imageswar@a al yzed wi th | mage L
software (BieRa d , USA) . PageRul erE Pl us Prestaine

Technologies, USA, 26619) was used as molecular weight marker.

2.4. Growth Assay

Cells were seeded as 1250 cells/well to each well of-aelBplate in 8% CD

FBS/DMEM. 48 hours later, cells were treated either witl ¥Dof E2 or ethanol

(0.01%) as vehicle control. Treatment was renewed after three days and cells were

counted with hemocytometer on the third and sixth days of treatment. Assay was

done for three independent times performed in duplicate. Results are ssown
percent change of three bi o-laitedttestawith r epl i cat

95% confidence interval was used for statistical analysis.

2.5.  Immunocytochemistry

For immunocytochemistry (ICC), MDA RU5 a n-BV shMileAcell lines were
used. As agsitive control otheE R U -20x3(Santa Cruz Biotechnology Inc., USA,
s¢543x) antibody, wild type MCF7 cells, and MDAMB231 cells which were
transiently transfected with pcDNA3:)}{FlagE RU wer e used. For a posi
of Flag M2 (Sigma Aldrich, Genany, F1804) antibody, transiently pcDNA3)1(
FagE RU transfected MDAMB231 cells were used.
bath were put into each well of a-#&ll plate and incubated in laminar flow hood
until ethanol evaporated completely. Then, @atere subjected to UV sterilization
for at least 30 minutes. Cells were seeded as 12500/well in 8%BSIDMEM.
14



After 48 hours, MDAMB231 cells were transfected as described 2ri.2and

medium was also changed for other wells. 48 hours after transfecéts were

washed three times with PBS. Fixation was done by incubating with freshly prepared

2% cold paraformaldehyde in PBS for one hour at room temperature. Cells were
washed with PBS for three times, permeabilized with 0.4% FXta00 prepared in

PBS for 10 minutes at room temperature and washed with PBS three times again.
Fixed cells were blocked for one hour at room temperature withN@%hal Goat

Serum NG S, Sigma Al drich, G e-20xantibpdy or@/Bh0 2 3 ) f
10% Bovine Serum AlbumifBSA, Roche, Germany, 10735078001) for Flag M2

anti body pr ep a rexdntibodywRsRigd at ESRAMilutdd prepared

in 2% NGS and Flag M2 antibody was used at 1:250 dilution prepared in 3% BSA.

For primary antibodies, cells were incubated tiwo hours at room temperature.

Then, cells were washed three times with PBS and incubated with secondary
antibodies for 30 minutes at ro-20m t empe
antibody, an Al exa FI -alobit(Bbcah8BSA@DIEGIIU g at e d
antibody was diluted at 1:1000 in 2GS, or for Flag M2 antibody, an Alexa

Fl uor E 488 ¢ o Aarjousg (Alkdcand USé w1601 18)nantibody diluted

at 1:1000 in 3% BSA was used. After three subsequent washes with PBS, coverslips
were placed ontglass slides with a drop of Fluoroshield Mounting Medium with

DAPI (Abcam, USA, ab104139) and edges of coverslips were sealed with nail polish,

and were kept in €€ until visualization. Slides were visualized under fluorescent
microscope (Nikon Eclipse B0having Nikon camera (D&il) in the laboratory of

Dr . Rengg¢l ¢ceti n At al Blye filelPEB40380, DMaOR)ar a, T
is used and for DAPI, and green filter (X459 5, DM50) wasgnaused f o

2.6. Dual Luciferase Reporter Assay

For dual luciferase reporter assays, two vectors were used; 1) a pGL3 vector
containingFirefly Luciferasg(pGL3-2ERE) gene driven by TATA promoter bearing

two consensus ERE sequences upstream of the TATA box, and 2) a pGL3 vector
containingRenilla Lucifease (pRL) gene driven by SV40 promoter. pGRERE

and pRL were used as 125 ng/well and 0.250 ng/well, respectively’ ebilEOwere
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seeded into 48vell plate in CBDFBS/DMEM. 48 hours after seeding, cells were co
transfected with expression vectors. Fdwurs after transfection, media were

replaced with without or with ligands as described in Secti@ri.224 hours after

treatment, cells were gently washed with PBS for three times and lysed with 50

OL/ wel | o f 1X Passi v-mcifera;sélReiporteBAs‘safyédt from
(Promega, USA, 017319) at room temperature on medpeed rocker for 120

minutes. After observing white, clurixe cell lysates, plates were wrapped with

parafilm and stored a8(°C until analysis.

For luciferase analysis, Dubliciferasé Reporter Assays (Promega, USA, 017319)

Du

was used according to manufacturero6s instr.

Modulus Microplate Luminometer (Turner Biosystems, USA) in the Dr. A. Elif

Erson Bensands | abor at orlyminascendd EighdlfromAnk ar a,
Firefly Luciferase (pGL3-2ERE) was normalized to luminescence signal from

Renilla Luciferase(pRL). Assay was done as three independent experiments
performed in triplicate. Results are shown as relative luciferase activifyre

bi ol ogi cal repl i c dailed ttait wBhE3%6 corfldencaintervald , t wo

was used for statistical analysis.

2.7. Expression Analysis
In expression analysis, MIQE Guideling%7] were followed in terms oRNA
isolation, cDNA synthesis, and quantification of the data. MIQE Guidelines check

list is available iMAppendixC.

2.7.1. Primer Design

Primers were designed specific to each gene; specificity was ensured by NCBI

Primer Blast. Complete list of all primers used in this study is dgivé&ppendixD.

2.7.2. Total RNA Isolation

Cells were seeded as 2x1€ells/well into each well of a siwell plaie in CD
FBS/DMEM. 48 hours later, cells were treated either witfl W0of E2 or (0.01%)

ethanol as vehicle control. Six hours after treatment, cells were collected with

16
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trypsinization and washed twice with PBS. Cell pellets were kep8BBC until

isolaion. QUckRNAE Mi ni Prep kit (Zymo Res-earch,
column DNasel digestion was used for total RNA isolation according to instructions

of manufacturer. Concentration of RNA samples were measured with NanoDrop
2000 (Thermo Scientific, USA)

2.7.2.1. Genomic DNA Contamination Control

In order to control efficiency of eoolumn genomic DNA digestion, 600 ng of total

RNA isolates were subjected to PCR with glyceraldehyd@hd&phate
dehydrogenase (GAPDH) primers. Final reaction mixture consistéd) aif Taq

polymerase (Thermo Scientific, USA, EP0402), 1X Taq Buffer with KCI, two mM
ofMgCh, 200 OM of dNTP mix, 0.5 OM of forw
mol ecul ar grade water to 20 €L reaction
follows; initial denaturation at 9& for three minutes, denaturation af@5or 30

seconds, annealing at %5 for 30 seconds, extension at°C2for 30 seconds.
Denaturation, annealing and extension steps were repeated for 40 cycles with a final
extension at 7Z for 10minutes, infinite hold at%. As positive control, 100 ng of

genomic DNA was used in the same set of experimental PCR. In case of genomic

DNA contamination, RNA isolation protocol was repeated until samples were free

from contaminationFigureE.1. in Appendix E shows a representative PCR result.

2.7.3. cDNA Synthesis

cDNA library was carried out with 300 ng total RNA isolates using RevertAid First
Strand cDNA Synthesis Kit (Thermo Scientific, USA, K1621) according to

manufacturer 6s i ns tmixture wasrepgared [ rfollosvihg vy , T
content s; 300 ng RNA templ ag mimer, ame €L ¢
molecular grade water to completettaon vol ume to 12 OL. Re a

incubatedat 6 f or five minutes i nRad,USAowih Ther ma
the heated lid function off, and samples were chilled on ice subsequently. Remaining

components of cDNA synthesis were prepared as master mix as follows: 1X Reaction

Buf fer, one mM final concentration of dN
Ri boLockE RNase Inhibitor, and 10-U/OL f
MuLV Reverse Transcriptase. Master mix w
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and tot al 20 OL of r e a @Qa for one hooriaxdtreaatiomn was i nc

was stopped at 7G for five minutes. cDNA samples were stored&C.

2.7.4. Real Time-Quantitative Polymerase Chain Reaction (RTgPCR)

For expression anal ysi s, SsoAdvancedE Unive
Rad, USA, 175272) was used together with 0.3 OM
pri mer and 1: 10 cDNA dilutions. Tot al reac

Conn e ct-BmeRPER DetectiorBystem (BieRad, USA) was used. MIQE
Checklist is available idppendixC.

Fold changes of target genes were normalized to the Pumilio HomoRigM1j
gene and as a positive control of the treatments, trefoil facidfAL{pS2 gene was

used. Reactiononditions for all gene primers used in this study is given in Thble

Table 1. Reaction conditions and product size information.

Steps / Gene
Names PUM1 |TFF1/pS2 YPEL2 YPEL3 CCNAll CTGF

Polymerase

Activation and

DNA Denaturatior] 95°C for 10 minutes
- Denaturation 94°C for 30 sec
] Annealing 60°C 55°C | 65°C | 65°C | 55°C | 55°C
g‘ Extension + Platg
_ Read 72°C for 30 sec
Rapid Heating 95°C for 10 sec
Melt Curve
Generation 55°C to 99C, increment 1.8C, 5.0 sec
Product Size (bp) 111 209 138 | 115 146 139

All gene expression experiments consist of three technical repeats of three biological
replicates. E2, ICI, and ICI+E2 treatments were compared to ethanol treatment,

which was set to one for each gene expression profile. For the statistical analysis,
18



onetailed paired test with 95% confidence interval was performed by using
GraphPad Prism v.5 for Windows (San Diego California, USA).

2.8. Cell Cycle Distribution
Since previous studies suggested that E2 is ampanto | i f er ati e agen
negative cells ynt hesi zi ng ERU lyi aelt cycte diistribetidn ise x 0 g e n

also assessed to examine the effects of E2 on these model cells.

2.8.1. Preparation of Samples

Cells were seeded onto sivell plates as 5x0well in CD-FBS/DMEM. 48 hours

later, cells were tited with 16 M of E2 or ethanol (0.01%) as vehicle control. Cells

were collected with trypsinization and washed once with PBS at room temperature

48 hours after treatment. Cells were genthistra spended in 100 OL
immediately fixed with icecold 70% ethanol diluted in distilled water. For fixation,

falcon tubes were placed onto a vortex with the minimum speed and four ml of
ethanol was added dropwise to prevent clumping of cells. Fixed cells were stored at

-20°C until analysis.

2.8.2. Analysis of Sampes

Samples were centrifuged at 6@0for six minutes at room temperature and
supernatants were discarded. Pellets wesuspended with PBS and samples were
transferred into Eppendorf tubes. Samples were centrifuged at same conditions and
pelletswerees uspended with 200 OLnP8$costaineng ni ng |
propidium iadide (PI, Sigma Aldrich, Germany, P4710) widi02 mg/mLfinal

concentration RNase A (Thermo Scientific, USA,
concentration, and TriténX-100 (AppliChem, Germany, A4975) with 0.1% (v/v)
final concentration Ce | | cycle analysis was done wi

(BD Biosciences). Assay was done as three independent experiments, and cell
percentages in cell cycle phases were used in statigtiablses. Results are shown
as percent change of three bitalédatgst c al re

with 95% confidence interval was used for statistical analysis.
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2.9. Methylation and Transcriptomic Analysis

MDA-ERU5 and MCF7 c e.bxil®intoreach €75 sftssud ulturea s
flasks in CDFBS/DMEM. 48 hours later, cells were treated with® M of E2 or
ethanol (0.01%) as vehicle control. Six hours after treatment, cells were trypsinized
and washed with PBS twice. Pellets were divided ihtee tubes and stored&°C

to be used in genomeide methylation and transcriptomic analyses. All experiments

were repeated three independent times with three technical replicates.

One of the pellets were used for genomic DNA isolation. Qgidk N A KiniPrep

kit (Zy mo Research, USA, D3024) was
instructions. Samples were shipped&¥C conditions as genomic DNA to Zymo
Research Corporation, Epigenetic Services (USA) for Methylation-Skaq full

service sequencing.

One of the pellets from each sample was shippe8&E€ conditions to University
of Rochester, Genomics Research Center (USA) for wipeh®metranscriptomic

analysis.
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CHAPTER 3

RESULTS AND DISCUSSION

3.1. Generation of an ERNegative Cell Model That Synthesizes Human

ERU I ntroduced Exogenously
Previous studies showed that E2 enhances cellular proliferations in cell models that
synthesize ERU endogenousl| y wégativegells t r epr
that synthesize ERU introduced exogenous
expressions playing critical roles in cellular proliferations. Since methylation is a
critical component afranscriptionwe hypothesized that differences in genemige
methylation statuses of cell models underlie the polar direction of model cell
proliferaions. To test this prediction, we aimed to generate a cell line that synghesize
ERU introduced e xnegateenMDAMB231 calissderivegl frofR U
mammary adenocarcinoma. In order to assess the functionality of model cell line,
various approacheser e used to show that ERU protei

expressions and cellular proliferation through changes in cell cycle phases.

311. Expression of ERU in Stably Transfect

To generate MDAMB231 c e tellssverstyansfedtee withz i ng |
thepcDNA3.1¢)-FlagE RU mammal i an expression vector
(EV contro) as described in 2.2. During stable monoclone generation, 24 candidate
monoclones were selected initially. In the course of maintenance, one candidate
monoclone (MDAERU24) did not survive. Il n order
ERU protein is ex panesspoidisolation andWestern Blod mo n
analysis werecarried outas described in 2. For initial analyses, candidate

monocloneswe r e selected based on t he |l evel
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endogenously ERU expr essi ngacctngishéedbyc el | s . We ¢

usi ng -spacificEaRtibody(Figure 5)revealed that monoclones synthesized

ERU at wvarying l|levels.
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Figure 5. Western Blot analysis of stable monoclone cell lines (A and B)JDAMB231 cells were

stably transfected as described i@.2. with pcDNA3.1) beari ng ERU cDNA
empty vector (EV). 50 Og t &AGEl Totplproteireisolatedvirans
MCF?7 cells was used as positive control forthell0 ERU anti body ( Sant a

or nNo i Nns
|l oaded i n
Cruz Bi ot

USA, s¢543). A nonspecific band at 95 kDa detected by the antibody was used as the loading control.
Two independent Western Blot experiments resulted in similar findings. Images were taken after 90

seconds of exposure.

Based on these resuldDA-ERU5 171 1,and 23 monocl ones synth

levels comparable to those observed in MCF7 cells were selentidated by
asterisky In addition, MDAEV2 and MDAEV3 monoclones, stably transfected

with a pcDNA3.1{) empty vector (EV), were selected control cell lines based on
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their similar morphological features to those of untransfected MDAMB231 cells for

further functional analyses.

3.1.2. The Effects of E2 on Cellular Proliferation of Candidate Monoclones

E2 represses cellular proliferationinaret cancer cel | model s t
introduced exogenous[{5]i [19]. To assess thefetts of E2 and consequently the
functionality of ERU on proliferation of
initially. Monoclones MDAE RU5, 1 1, as @l as MDAEV2 &h@ MDA

EV3 were subjected to growth assay in the absence or presencé if BED. Cells

grown in 48well plates were collected and counted on the sixth day with
hemocytometer. Counting showed that of the monoclones, E2 treatment repressed

the proliferation of only MDAERU5 cel ls while the E2 trea
effect onthe growth of the untransfected MDAMB231 cells, which were used as
negative controlKigure 6) In contrast, and expectedly, E2 significantly enhanced

the growth of MCF7 cells. Based on these initial observations, MORAU 5
monoclone was selected as thé oeodel, which would allow us to comparatively

assess the directional ability of E2 to modulate cellular proliferati@omparison

with MCF7 cells MDA-EV2 was also selected as negative control.
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Figure 6.E2 effects on cellular growth of stable monoones.Cells were seeded as 1250 cells/well

to each well of a 48vell plate in 8% CBFBS/DMEM. 48 hours later, cells were treated either with

10° M E2 or ethanol (0.01%; OH) as vehicle control. Treatment was renewed after three days and
cells were countedith hemocytometer on the sixth day of treatment. Results are shown as percent
change of E2 treatment compared to the ethanol vehicle replicated three independent times with
duplicate well /tr ea ttailedrttest viith B% bbnfidddae fiervadl was dsed t wo
for statistical analysis (*; significant p<0.05, **; very significant p<0.01, ***; extremely significant
p<0.001, ns; nonsignificant p>0.05).

3.2. Functional Screening of MDAERUS5 St abl e Monocl one as
Model

In the initialthes cr eeni ng of MDAMB231 monocl ones st at
cDNA, only MDA-ERU5 showed responsiveness to E2 in
cellular proliferation. To ensure that this E2 responsiveness of U cel | s i s
due to a functi onrmBRUSE RUeIslysntihre sd &% avvDiAs on  wi
and MCF7 cells were subjected Western blot (WB), immunocytochemistry (ICC),

Luciferase reporter assay as well as cell cycle distribution and proliferation assays.

3.2.1. Western Blot Analysis of MDAERU5 St abl e Monocl one

Tosmsess the ERU protein expression and its
expressing MCF7 cells, Western Blot assay was used for MDRU5 st abl e

monoclones.
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Figure 7. Western Blot analysis of MDAE R Uskable monoclone50 Og t ot al protein
into 8% SDSPAGE. Total protein isolated from MCF7 cells was used as positive conttbefarR U

HC-20 antibody. Norspecific bands at 95 kDaere used as loading control. Two independent

Western Blot experimentgavesimilar results. Images were taken aft@0 seconds of exposure.

Western Blot analysig{gure 3 showed thathe MDA-ERU5, but-EMV2ot MDA
monoclone synthesiz&RU pr ot ein approxi mately 2.5 f
Bio-Rad ImagelLab Software (USA), than that observed in MCF7 cells.

3.2.2. Immunocytochemistry of MDA-ERU5 St abl e Monocl one

ERU protein localizes to nucthkpesiiwcellndepen
lines[38). To show that ERBRERUWS nitediretlsminacteud asi '~ MD /
in endogenously ERU synthesizing MCF7 ce
performed. To confirm thathe Flag tag present in the amiioe r mi nus of ERU
not affect ERUheERU a¥CantidadyFaure 8)abhdoFtadv?2
antibody(Figure 9)were used in ICC experiments. Images were acquired with the

same exposure timwith 40x objective Experiments were repeated for three

i ndependent times with si miislloaalizediretseu | t s .
nucleusof MDAERUS5, wher eas, as syethegisottheeedeptort her e
in MDA-EV2.
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Figure 8. mmunocytochemistry for nucletheERWOCRBORi zation of
antibody. Cells were seeded as 12500 cells/wellaohewell of a 12vell plate containing coverslips

in 8% CDFBS/DMEM. For positive control ahe E R U -2@x<antibody, MCF7 cells were used.

Cells were fixed by 2% paraformaldehyde, and permeabilized with 0.4% -Kitd0. Fixed cells

were blocked with 109ormal Goat SeruniTheE R U -M)Cantibody was used at 1:500 dilution

followed byanAl e x a F | u o r &l gdaBaBtratubit (fh:1000yDAR| was used to stain nuclei.

Similar results were obtained in two independent experiments.
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Flag M2 antibody DAPI MERGED

..

Figure 9. mmunocytochemi stry for nuclear |l ocalization
Cells were seeded as 12500 cells/well to each well ofwaellplate containing coverslips in 8% €D

FBS/DMEM. For positive control ahe Flag M2 antibody, MDAMB231 cells gre transfected with

t wo Og of -)-PlapgPRB3 .vle(ct or . Cel |l s wer e fixed by 2
permeabilized with 0.4% TriteX 100. Fixed cells were blocked with 10% Bovine Serum Albumin.

TheFlag M2 antibody was used at 1:250 dilution folloiscanA| e x a Fl uorttdgéa8 8 conj u
antiFmouse (1:1000DAPI was used to stain nuclei. Similar results were obtained in two independent
experiments.

MDAMB231-ERa
MDA-EV2 Transient Transfeciton MDA-ERa5

MDAMB231
Untransfected
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3.2.3. Dual-Luciferase Reporter Assay

To initially assess -ERBB6 ERUcapantheesbfedepn
expression ofan estrogen responsive gene in response to E2 as a reflection of
functionality of the receptor, Dudluciferase Reporter Assay was used as described

in 2.6. Thesame assay was also performed in MCF7 cells as a positive ¢éiguok

10B). pGL3-2ERE was used as tiheporter vector driving the expressionFafefly

Luciferase cDNA. The reporter vector promoter is consisted of a TATA box

promoter with two ERE sitein tandem (2xER{Euc), placed upstream of the

promoter to provide responsivenessteEERU c o mp | e x . pGL32BREt her wi t h
cells were cdransfected with pRL, a reporter vector expressing Renilla

LuciferasecDNA for transfection efficiency. Afteransient transfections, cells were

treated without or with 1M of E2 for 24h. To show that changestire Firefly

Luciferaseact i vity is the result of E2 Dbinding t
10'M | CI 182,780 (1 Cl), a complete antagoni s
ethanol, OH) or the presenceldf® M E2.

In MDA-ER U5, E 2 e Rirefly buciferdseenzlynee activity compared to

ethanol control. ICI treatment, on the other hand, repildssth basal and E2 induced

Firefly Luciferaseactivity (Figure 10A) The results suggest that transcriptional

r espons e-spectia. AlthoEgR the extent of enzyme activity was higher in

comparison with those observed in MBARU5 cel | s, E2 treatment a
whereas ICI repressed, the reporter enzyme activityl@7 cells, as expected

(Figure 10B) On the other hand, ER ligands had no effect on enzyme activity in

MDA-EV2 cells(Figure 10C)

Thus, these results indicat e-EtRiJbt cERU sl dsal
capable of inducing transcription iesponse to E2.
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Figure 10. DuatLuciferase reporter assay othe candidate monocloneCells were seeded as 4%10

cells/well into each well of a 4&ell plate in 8% CBFBS/DMEM. 48 hours after seeding, cells were
co-transfected with two vectors; 1)p&L3 vector containing Firefly Luciferase (pGIZERE) gene

(125 ng/well), and 2) a pGL3 vector containing Renilla Luciferase (pRL) gene (0.250 ng/well). Four

hours after transfection, media were replaced with fresh medium without (0.01% ethanol, OH) or wit

10° M of E2, and/or 13 M of ICI. 24 hours after treatment, cells were lysed and subjected te Dual

Luci feraseE Reporter Assay. Results are shown as
with three technical repedsperiment For the statigtal analysis, on¢ailed paired-test with 95%

confidence interval was performed (*; significant p<0.05, **; very significant p<0.01, ***; extremely
significant p<0.001, ns; nesignificant p>0.05).

3.2.4. Expression Analyses of Endogenous Estrogétesponsive Genes

To ensure that ERBUSynehksi isd aMIBA capa
endogenous estrogen responsive genes in response to E2, the expression profiles of
YPEL2, YPEL3, CTGF, TFF1/pS2)d CCNAlgenes as estrogen responsive gene

models[12], [23] were assessed.
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Yippeelike 2 (YPEL2 andYPEL3are two of the five, highly conserv&@PELgene

family membersYPELL throughYPELY. Ypel proteins are highly conserved gene

products which share remarkably high amino acid identity8@%)[39]. Although

Ypel3 was suggested to be a DNA dameggponse related proteuhO], a function

is yetto be assigned to Ypel2. However, the aberrations at the chromosomal loci of
YPEL2(17923) is found to be frequently associated with breast cdatgran

indication thatY PEL2could be a critical gene in the initiation and progression of the

di sease. Il n a microarray s tWREd2and¥REMBduct ed i n
genes were found to be E2 respon$ihd.

Connective tissue growth facta€ TGP is a member o€onnectiveTissueGrowth

Factor (CTGF),Cystein rich protein (Cyr61), anNephroblastoma overexpressed

gene CCN) gene family and it is expressed in higlkelsin the early development

of the embryaas well as in scar tissy42]. It is shown that CTGF is regulated with

E2[43]land in the microarray studQOfGFewasnduct ed i 1
shown to be downregulated after E2 treatnigB}.

The trefoil factor 1, TFF1; or pS2 gene is a welstudied estrogen responsive gene.
Although function is uncleail;FF1protein is thought to play a role in healing of the
epithelium[44].

Cyclin A1 (CCNAYJ is a member of mammalian-#pe cyclin family[45]. Cyclin

Al is expressed in testand brain, as well as in cell lines, and is suggested to be
important for entry into metaphase of meiddi]. In addition,CCNALis necessary

for proceeding from S phase to G2 phase in cell d#dlg CCNALlis a known E2
regulated genpl7].

For mRNA expressionralyses, cells grown in siwell tissue culture plates in the
absence of E2 for 48heretreated with 18 M E2 for 6h, a duration anticipated to
induce changes in the transcription of immediate/early estnaggonsive genes
[12], [48]. The isolated total RNA was processed for and subjected to real time
guanttative PCR (RIgPCR) for gene expression analyses as described.irn2.
RT-gPCR, MIQE GuidelinegAppendixC) were followed[37]. For each reaction,
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melt curve was generate@ppendix F). Fold changes of target genevere

normalized to Pumilio Homolog PUM1) gene.
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Figure 11.YPEL2 mRNA Expression Analysis Cells were seeded as 2xt@lls/well into each well

of a sixwell plate in 8% CBDFBS/DMEM. 48 hours later, cells were treated without (0.01% ethanol,

OH) or with 16° M of E2, and/or 13 M of ICI. Six hours after treatment, cells were collected and

subjected to total RNA isolativand RTqgPCR. mRNA expression levels were normalize@thivi1

expression. E2, ICI, and ICI+E2 treatments were compared to ethanol treatment, which was set to one

for each gene expression profile. Results are s
experiments with three technical repeats. For the statistical analysitaitatepaired-test with 95%

confidence interval was performed by using GraphPad Prism v.5 for Windows (San Diego California,

USA) (*; significant p<0.05, **; very significant p<0.01**; extremely significant p<0.001, ns; nen

significant p>0.05).
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Figure 12.YPEL3mRNA Expression AnalysisCells were seeded as 2xt@lls/well into each well

of a sixwell plate in 8% CBDFBS/DMEM. 48 hours later, cells were treated without (0.01% ethanol,
OH) or with 10° M of E2, and/or 13 M of ICI. Six hours after treatment, cells were collected and

subjected to total RNA isolativand RFgPCR. mRNA expression levels were normalizeBthivi1
expression. E2, ICI, and ICI+E2 treatments were compared to ethanol treatment, which was set to one
expression
experiments with three technical repeats. For the statistical analysiitatepaired-test with 95%
confidence interval was performed by using GraphPad Prism v.5 for Windows (San Diego California,
USA) (*; significant p<0.05, **; very significant p<0.01**; extremely significant p<0.001, ns; nen

for each

significant p>0.05).
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Figure 13.CTGF mRNA Expression Analysis.Cells were seeded as 2x1@lls/well into each well

of a sixwell plate in 8% CBFBS/DMEM. 48 hours later, cells were treated withoud106 ethanol,

OH) or with 16° M of E2, and/or 13 M of ICI. Six hours after treatment, cells were collected and
subjected to total RNA isolation and RIPCR. mRNA expression levels were normalize@thivi1
expression. E2, ICI, and ICI+E2 treatments wemapgared to ethanol treatment, which was set to one
for each gene expression profiMDA-EV2 cells did not gave significant results, hence data are not
shown for simplicity. Results are shown as the
three technical repeats. For the statistical analysistaited paired test with 95% confidence
interval was performed by using GraphPad Prism v.5 for Windows (San Diego California, USA) (*;
significant p<0.05, **; very significant p<0.01, ***; extremely sificant p<0.001, ns; noen
significant p>0.05).
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Figure 14.TFF1/pS2(A) and CCNA1(B) mRNA Expression AnalysesCells were seeded as 2%10
cells/well into each well of a siwell plate in 8% CBFBS/DMEM. 48 hours later, cells were treated
without (0.026 ethanol, OH) or with 1®M of E2, and/or 13 M of ICI. Six hours after treatment,
cells were collected and subjected to total RNA isolation angjRTR. mRNA expression levels
were normalized t®®UM1 expression. E2, ICI, and ICI+E2 treatments were cmeg to ethanol
treatment, which was set to one feach gene expression profilDA-EV2 cells did not gave
significant results, hence data are not shown for
three independent experiments with three tetirrepeats. For the statistical analysis, -taiked

paired ttest with 95% confidence interval was performed by using GraphPad Prism v.5 for Windows
(San Diego California, USA) (*; significant p<0.05, **; very significant p<0.01, ***; extremely
significant p<0.001, ns; nesignificant p>0.05).

Observations showed that ligands had no effect on the expression of any gene tested
in the MDA-EV2 monoclone On the other hand, E2 enhanc¥®EL2 gene

expression ithe MDA-ERU5 mo n o ¢ | o-specifid mmanner ms 1@ Blahe
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had no effect on the expression of the gene, but it prevented E2 mediated
transcriptional augmentation. E2, however, effectively repressed the expression of
YPEL2i n endogenous!| y E&I&Ineontmst €2 tseatmeymt hAdC F 7

no effect onYPEL3gene expression in MDAERU5 cel |l s while E2 |
YPEL3gene expression in MCF7 cells. In both cell models, E2 effectively increased
TFF1/pS2gene expression. Recapitulating previous obsemsitderived from this

and other laboratories, these results indicate that E2 can modulate endogenous gene
expressions with patterns that are in 1) polar directi¥iRE(2 Figure 11, 2) the

same directionsTFF1/pS2and CCNAZL Figure 14AB) or 3) celttype specific

manner YPEL3andCTGF, Figure1213) i n cel |l s that synthesi

or introduced exogenously.

3.2.5. Cell Cycle Distribution in Response to E2

In the initial cellular proliferation assayit wasfoundthat the treatment of MDA
ERU5 c el fM E2weptessed telular proliferation on the sixth day of the
treatment compared to ethanol (OH, 0.01%) control whereas E2 enhanced the growth
of MCF7 cells at the same tinpwint. On the other hand, E2 had no effect on the
proliferation of MDAEV2 cellsas expected. To assess whethente2liated cellular
proliferation in polar direction is also reflected in differential distribution of cell
populations in cell cycle phases, cell cycle analysis was carried out-BMRAJ5 a n d
MCF7 cells were grown in the adasce of E2 for 48h, and were treated without or
with 10° M E2 and maintained for 48h. Cells were then collected and subjected to
flow cytometer BD Accuri E C6 Cyto8meter (
Changes in cell populations upon E2 treatmentewesrmalized tathe ethanol
treatment (0.01%) group for each cell cycle phase.

Kinetic analysis of cell cycle histograms, for which gating strategy was shown in
Appendix G, revealed that E2 increased the cell population in G1 phase with a
decrease in S pha in MDAERUS5 cel | s. Il n contrast, i n
population decreased and S phase population increased significantly upon E2

treatment Figure 15) For MDA-EV2 cells, no significant change was observed.
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Thus, E2mediated directional polarity ofie proliferation of MDAERU and MCF7

cells is a reflection in alterations in cell cycle phases.

These functional assays suggest thetMDA-ERU5 monocl one can be uc¢
model cell line in comparison with MCF7 cells to test the initial hypothesipthat
directions in cellular proliferation in response to E2 are due to distinct methylation

profiles of cell lines.
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Figure 15.Cell cycle phase distributions upon E2 treatmeniCells were seeded onto sivell plates

as 5x16/well in 8% CDFBS/DMEM. 48 hours later, cells were treated either witt? M of E2 or

ethanol (0.01%) as vehicle control. Samples were collected 48 hours after treatment, and immediately

fixed with icecold 70% ethanol. For analysis, samples were stained with a stainingdmffaining

0.02 mg/mL propidium iodide. Cell population changes normalized to cell population in each cell

cycle phase in ethanol treatment group. Dashed line represents the 100% border. Results are shown

as percent change ofEM. bnpakred, teiiled tesyiite 3%56% confidemdei c at e N
interval was used for statistical analysis (*; significant p<0.05, **; very significant p<0.01, ***;

extremely significant p<0.001, ns; naignificant p>0.05).

3.3. Repression of Cellular Proliferation in the MDA-ERU5 St abl e
Monoclonein Response to E2

Functional examination ofhe MDA-ERU5 st abl e monokRWnNne sh
introduced exogenouslyis functional E R Uocalized in the nucleus, regulated
estrogen responsive geeepressions, and altered ogjicle dstributionin response

to E2 This enabld us to assesshanges ircellular proliferation othe MDA-E R U 5
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monoclonen response t&2 treatment. MCF7 cells were usedtagpositive control

of the E2 treatment since E2 is a proliferative agent in these cells.

In Figure 16 proliferation results were shown as percent change in the cell number
after three and six days of E2 treatment. There is a significant increase larcellu
proliferation of MCF7 cells whil&2 repressed the proliferation of thdkDA-E R U 5

monoclone. MDAEV2 monoclones were not responsive tq &2expected.

Thus, our results showed that E2 exerts an@oliferative effect on MDAE R U 5

cellssynthesiznE RU i ntroduced exogenousl y.
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Figure 16. Growth of monoclone MDA-ERUS5 ( A) , MCF 7 -EV2B((), Cels wete MD A

seeded as 1250 cells/well to each well of anél plate in 8% CBDFBS/DMEM. 48 hours later, cells

were treated either with M E2 or ethanol (0.01%; OH) as vehicle control. Treatment was renewed

after three days and cells were counted with hemocytometer on the third and sixth days of treatment.
Results shown as percent change ¢ o mpeabioodicat o et har
replicate with duplicate wells/treatment. Unpaired,-taibed ttest with 95% confidence interval was

used for statistical analysis (*; significant p<0.05, **; very significant p<0.01, ***; extremely

significant p<0.001, ns; nesignificantp>0.05).

3.4. GenomeWide Methylation Profile Analysis

Our results collectively indicate that we have established a cell model that
recapitulates the previous observations that E2nisantimitotic agentin ER-
negative cells synthesizing ERLUosiivet roduc

cells wherein E2 acts as an effective proliferative hormone.
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The establishment ache MDA-ERUS5 cel |l model all owed wus t
that directional effecof E2 on cellular proliferation is due to differences in the
transcriptomic profiles of the cell models as results of differencgsnomewide

methylation status.

To examine this prediction, we employegdenomewide methylome and
transcriptomenalysesFor both analyses, the samples were generated from the same
experiments. Cells grown in 8% GEBS/DMEM, and treated with0® M of E2 or
ethanol (0.01%) as vehicle contfol 48 hoursSix hours after treatment, cells were
collected, washed and dividedarthree aliquots.

For methylome analysis, genomic DNA isolation wasried outusing one of the
pellets (detailedin 2.9) and integrity of genomic DNA was assessed by running
samples in agarose gel electrophoréSigure 17) Samples were stored-480°C and
shipped in same conditions to Zymo Research Corporation, Epigenetic Services
(USA).

Figure 17.A representative image for genomic DNA integrity.Genomic DNA isolation was done

by using Quicky DNAE Mi nti(®meRese&rdh, USA, D3024%enomicDNA quality was

examined by running 500 ng of each samples in 0.7% agarose gel for 30 minutes at 100 V. 250 ng of
pcDNA3.1¢) plasmid linearized with BamHI restriction enzyme (5428 bp) was used for positive

control. GeneRuler DNA Ladder Mix (Thermo Scidisti USA, SM0331) was used as marker (M).

Same results were obtained for all technical replicdtase 1: LinearizedcDNA3.1(¢) plasmid

Lane2: MDA-ERU5 6h et han o3 MDArEeRA5Sme6nht .E 2L atntebl@F7 GBhe nt . Lane
ethanol treatment. Larte MCF7 6h E2 treatment.

Methylation MiniSeq full service sequencing results were provided by Zymo
Research Corporation (USA). For each cellline(MBR U5 monocl ones and
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cells), 6h E2 treated samples were compared to 6h OH treated safigles (8

19). In addition, 6h E2 treated MBERU5 vs 6h E2 treated MCF7
made Figure 2. List of genomic regions in each heat map is providegpmendix

H. Heat maps show differentially methylated regiamsgerms of their gvalue order.

Yellow color represents highly methylated DNA regions while red color represents

poorly methylated DNA regions, and orange color represents intermediate of

methylation regions.
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Figure 18. Differential methylation status of the MDA-ERUS5 mo n &Gleovro is e

comparative analysis of methylation status of highly divergent 100 gene loci in the absence or
presence of E2. Cells were seeded as 250 each T75 cm2 tissue culture flasks in 8%-CD

FBS/DMEM. 48 hours later, cells were treated either witA I0of E2 or ethanol (0.01%) as vehicle

control. Six hours after treatment, cells were trypsinized and washed with PBS twice. All experiments

were repeated three independent times with three technical replicates-gQDibkAE  Mi ni Prep ki
(Zymo Research, USA)3024) was used according to manufactur
isolation. Samples were shipped&Q°C conditions as genomic DNA to Zymo Research Corporation,

Epigenetic Services (USA) for Methylation MiSieq full service sequencing.
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Figure 19. Differential methylation status of MCF7 cells. Shown is the comparative analysis of

methylation status of highly divergent 100 gene loci in the absence or presence of E2. Cells were

seeded as 2.5x4hto each T75 cm2 tissue culture flasks in 8%-BEBS/DMEM. 48 hours later, cells

were treated either with £aM of E2 or ethanol (0.01%) as vehicle control. Six hours after treatment,

cells were trypsinized and washed with PBS twice. All experiments nepeated three independent

times with three technical replicates. QugkDO NAE Mi ni Prep kit (Zymo Research,
was used according to manufacturerods instructions fo
at-8(0°C conditions as genomic DNA ®ymo Research Corporation, Epigenetic Services (USA) for

Methylation MiniSeq full service sequencing.
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Figure 20. Differential methylation status of MDA-E RU5 mo namaMGC&Fhcells.Shown is
the comparative analysis of methylation status of Figlivergent 100 gene loci in the absence or
presence of E2. Cells were seeded as 25xit0 each T75 cm2 tissue culture flasks in 8%-CD
FBS/DMEM. 48 hours later, cells were treated either with M0of E2 or ethanol (0.01%) as vehicle
control. Six hoursfter treatment, cells were trypsinized and washed with PBS twice. All experiments
were repeated three independent times with three technical replicates.gQDibkAE  Mi ni Prep ki
(Zymo Research, USA, D3024) was usfagenomcbPMAr di ng t C
isolation. Samples were shipped&rC conditions as genomic DNA to Zymo Research Corporation,
Epigenetic Services (USA) for Methylation MiSieq full service sequencing.

E2 treatment (6h)

MDA-ERaS5

E2 treatment (6h)

MCF7

Although analyses of methylation and transcriptomic results in depth are in progress,

initial observations suggested that E2 treatment changes methylation stétihses
genome of both MDAE RUS5 monocl ones and MCF 7 cel |
comparison of 62 treatment samplesof MBBERU5 and MCFfound el | s,
that there is a dramatic difference in methylation statutes of same genomic regions.
These observations support the initial hypothesis that differences in gevidene

methylation statuses of ¢el | i nes expressing ERU endog
could underlie differential gene expressions, and hence polaritgeilular

proliferation
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To ensure that RGPCR resultsf selected genes (Section 3.2.4) simgnexpression
changes correlatavith direcions in methylation profiles of their gene locus,
methylation tracks were uploaded to USCS Genome Brgé8kand chromosomal
location of genes and methylation statuses were visualized. URLs of methylation
tracks were providin APPENDIXI.

Methylation patterns of PEL2 YPEL3 CTGF, TFF1/pS2andCCNAlgenes, which

were responsive to E2, were assessed in three different groups: 1) ethanol vs E2
comparison of each cell line, 2) methylation pattern of same genomic regions of

ethanol treated samples of MERRUS5 and MCF7 were compared to
3) methylation pattern of same genomic region of E2 treated samples of MRA) 5

and MCF7 were compared to each other.

In group one, we observed that E2 changes methylation pattern of same region

compared to ethanol treatment group of both MBR U5 a n aellSMFRYErE

21-30). In figures, each gen& PEL2, YPEL3, CTGF, TFF1/pS2dCCNAJ was

shown for ethanol vs E2 treated MEBRUS5 cel | s first, and then
treated MCF7 cells. For each of these genes, a distinct methylation pattern was
discenable for both MDAERU5 and MCF7 cel | s. This sugges
induces changes in the methylation profiles of these E2 responsive genes in MDA

ERU5 or MCF7 cell s. Expectedly, comparisons
ERU5 and MC F othergdrdustwd) showedathat these two cell lines

have unique methylation patterns for these gefigsi{e 3135). For the third group,

methylation profiles of the same genomic region of the both cell lines in the presence

of E2 were compared to eacther (Figure 3240). Results suggest that E2 mediated

changes in methylation profiles also differ in cell lines.
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3.5. Whole-GenomeTranscriptomic Profile Analysis

One of the ell pelletsprepared from the same biologicamples fomethylation
analysiswas subjected to wholgenome transcriptomigrofiling to assess whether
methylation status of cell lines correlate with gene expression paenomewide
transcriptome analysis revealed remarkably small number of genes responded to E2
in contrasto previousfindings of this and other laborates,which report hundreds

of transcripts. We observed that E2 treatment of MDRUS5 cel |'s for
resulted in significant changes in the expression of onlya2criptg AppendixJ).

E2, on the other hand, regulated the expression oftra#@crips in MCF7 cells
(AppendixJ).

Table 2. Whole Transcriptomic Profile Analyses for Subset of Genesin MDA RU5 etshanol
E2 treatment.

Gene ID Gene Symbo| Locus p-Value

ENSG00000175155.8| YPEL2 chr17:5933168%9403303 | 0,443547
ENSG00000090238.1 YPEL3 chr16:300923130104116 | 0,718572
ENSG00000118523.5 CTGF chr6:131948178.32077393 0,267299
ENSG00000160182.2) TFF1 chr21:423622812366594 | 0,000341
ENSG00000133101.9) CCNA1 chrl3:364315186442882 | 0,054373
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Table 3. Whole Transcriptomic Profile Analyses for Subset of Genes in MCF7 ethanaols E2
treatment.

Gene ID Gene Symbo| Locus p-Value

chrl7:59331688
ENSG00000175155.8 YPEL2 59403303 0,143355

chr16:30092313
ENSG00000090238.1 YPEL3 30104116 0,0260659

chr6:131948175

ENSG00000118523.5 CTGF 132077393 6,67E05
chr21:42362281
ENSG00000160182.2) TFF1 42366594 1,11E05

chrl3:36431519
ENSG00000133101.9) CCNA1l 36442882 0,00746204

Bioinformatics analyses of both genomvale methylation and whole transcriptomic
profile results are currently being studiédthough we have a small list for genes
that are differentially modulated by H& transcriptome profilingwe still used
DAVID Bioinformatics Databag®0] to functionally clustegenes fronthe initial
RNA-seqganalysis In ethanol vs E2 treated MCIeglls, 140 significanfgenes with
the clustering obiological functiors are shown in Figure41l. Enrichment scores
indicated on the left sidef the figure,define abundancy of biological processes as
clusters in the gene listvhich show, as expected, that E2 is involved in various
biological processe®©n the othehand,the DAVID Bioinformatics Database as

not able to cluster these genes into biologically relevant groups due to small samples
size (23 genes) of MDA RUS5 cel | s.
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Figure 41.Biological function clustering of genes showing significant changes thanol vs E2
treated MCF7 cellswith RNA-seq.Genes are clustered according to their biological function and
numberontheleft sideindicatethe enrichment scorédNumbers at the bottom indicate log\{plue).

Although for everyset of experimenthe expression of tHE-FF1/pS2gene was used
asthe positive controlto E2 treatmenbefore an experiment was deemed to be a
biological replicate for wholgenomemethylome andranscriptome analgs, this
unexpectedly small number of genes regulatetermdintially in response to E2
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suggests that there are significant variations among biological replicates adversely
affecting the pvalue. Indeed, glancing into the results of biological replicates
including our selected genes implies this may be the CHss. rendered the
correlation of methylation status to transcriptome profiling difficult to perform. For
example, in RIQPCR assays, we observed that E2 effectively induces changes in the
expression oY PEL2 YPEL3or CTGFin a celttype dependent manndrowever,
transcriptome analysis showed no significant chang@&iBEL2 YPEL3or CTGFin
MDA-E RU5 Tablé 1) B2exgerted neffect onY PEL2or YPEL3in MCF7 cells,

while significantly altering the expression©TGF (Table 3)

These results suggdsiat our resultsnay yetbe unreliable to generate a correlation
between methylation status and gene expressiopsssible solution could involve

theinclusion of more samples in analyses
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CHAPTER 4

CONCLUSION AND FUTURE DIRECTIONS

For testing our initial hypothesis that differential methylation pattern of regulatory
regions of genes could underlie the proliferative vs-pdiiferative effect, hence,

the differential expression of genes, of EZie | | s s y n tehdegeriowsiorng ERU
introduced exogenouslyve have generated a cell model. In our functional assays,

we were abl e sgymhesizdéiotheMDArER U E Ro ruoctidn® n e
expectedlyin terms ofintracellularlocalization, E2 binding, regulatingstrogen

responsre gene expressioras well as modulatingell cycle distribution. Based on
thesefindings, we have tested tlresponses of MDA RUS5 i n compari son
cellssynthei zi ng ERU e n dnokgepimgovithspreyious obseragons

from this and othelaboratories, our results showed t&&tis ananti-proliferativein
MDA-ERUS5 in contrast to MCF7 cells wherein

In summary;

1. TheMDA-ERU5 mo rsynihdsivelE®R U ( Se c tthatocalizgs 2 . 1. )
in the nucleus as in MCF7 cel{Section 3.2.2.).

2. ERUn MDA-E R U Bells is capable of regulating responsive gene
expressiongSection 3.2.3& Section 3.2.4.).

3. ERU in respons eephasesE=E RA tr @psSpasdels Gylc |
transition in MDAERUS5 cel | s i n contrast to M
augmernd cell population entering toghase (Section 3.2.5.).

4. E2 effects on cellular proliferation show polar directions: E2 effectively
decreased the proliferation of MBBR U5 s meledr contrast to the
increased proliferation of MCF7 cells by E2 (Sectiah)3
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5. Genomewide methylation profilingclearly indicate thatthese model cell
lines have distinct methylation patterns, as assessed by ethanol treated group,
for the same geomic region(Section 3.4.)

6. E2 also affected genonweide methylation status and transcription profiles
of both MDAER U5 and KBedidch 3.4. & Sdcton 3.5.)

x These observations indicate that the MBARU5 monocl one gener at
stable transfection of an expression vec
used for the understanding of underlying mechanism of the paradoxical bi
potential effect of E2 on cellular pradifr at i on in cell s that syn

receptor endogenously or introduced exogenously.

However, discrepancies in between the expression of some of endogenous genes

assessed by RGPCR and RNASeqg analyses also suggest that the results of

transcriptomg profiling, of atleastfor MDAERU5 cel | s, are yet wunrel:.
the underlying reason(s) is unclear, apparent variations among biological replicates

of RNA-Seq results necessitate theekaluation of sample sizélsat we have used

in analysisSince sample$or genomewide methylome and transcriptome analyses

derived from the same set of experimental groups, our results also suggest a cautious

approach to methylome results as well. Consequently, at the mdhismgrevents

us to propose a corgglon between methylation and transcriptomic profilesatif ¢

models in response to E2nelikely solutionto this apparent probleoouldinvolve

an increase isample size fobothanalyss.

In addition,results of botmethybme and transcriptonanalyses are to be verified
by various approaches including targetedthylation specific polymerase chain
reaction (MSP)[51] and RFgPCR to ensure that these exploratory appresic
indeed produce biologically meaningful findings
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APPENDIX A

DEXTRAN COATED CHARCOAL STRIPPED FETAL BOVINE SERUM

10 gdextran coated charco@igmaAldrich, Germany, C6241) veaaddednto 500

ml fetal bovine serumHBS, Biochrom AG, Germany, SOl its own bottk. An

autoclaved magnetic fish waused for stirring of the FB& amedium speedo

ensure thatthe charcoalis not brokeninto fine particles and incubation wa
performed at4°C for overnight. After the incubation, the mixed FBS wittaicoal

was divided as equally weighted into tweske Nalgene bttles and centrifuged at

10800 g(8000 rpm for Sorvall SLA3000 rotor) for 30 minutes ai°C. Both of the
supernatantswee transferred into a 0.45 ,OM ster
83.1823) and filtered. For the second roundhaf treatment, again 10 dpxtran

coated charcoal vgaadded and stirred with a sterile magnetic fish férhRburs at

+4°C. After the incubation, the mixture wdivided into twaequally weightedterile

Nalgene bottles and centrifuged at 10§00r 30 mirutes at-4°C. The supernatants

wer e transferred into a 0. 4hebidodicabsafety i | e f
cabinetFinally, charcoal dextran trest fetal bovine serum (GBBS) was aliquoted

as 40 nh aligoutesinto 50 ni sterilefalcon tubesand stored at20°C.
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APPENDIX B

BUFFERS
6X Laemmli Buffer (10 mL)
Tris-base 3,75 L (1M Tris, pH 6.8)
SDS 12g
Glycerol 6 mL (100%)

Bromophenol Blue 1.2 mg

x b-mercaptoethanol is added freshly (Fioahcentration is 30%)
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APPENDIX C

MIQE GUIDELINES

Table C 1. MIQE checklist.

ITEM TO CHECK IMPORTANCE | CHECKLIST
EXPERIMENTAL DESIGN
Definition of experimental and contr@roups E YES
Number within each group E YES
Assay carried out by core lab or investigator's lab? D YES
Acknowledgement of authors' contributions D N/A
SAMPLE
Description E N/A
Volume/mass of sample processed D N/A
Microdissection or macrodissection E N/A
Processing procedure E N/A
If frozen- how and how quickly? E N/A
If fixed - with what, how quickly? E N/A
Sample storage conditions and duration (especially for FFPE san E N/A
NUCLEIC ACID EXTRACTION
Procedure and/or instrumentation E YES
Name of kit and details of any modifications E YES
Source of additional reagents used D N/A
Details of DNase or RNAse treatment E YES
Contamination assessment (DNA or RNA) E YES
Nucleic acid quantification E YES
Instrument and method E YES
Purity (A260/A280) D NO
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Table C 1 (continued)

Yield D NO
REVERSE TRANSCRIPTION
Complete reaction conditions E YES
Amount of RNA and reaction volume E YES
Priming oligonucleotide and concentration E YES
Reverse transcriptase and concentration E YES
Temperature and time E YES
Manufacturer of reagents and catalogue humbers D YES
Cqgs with and without RT D NO
Storage conditions of cDNA D YES
gPCR TARGET INFORMATION
If multiplex, efficiency and LOD of each assay. E N/A
Sequence accession number E YES
Location of amplicon D YES
Amplicon length E NO
In silico specificity screen (BLAST, etc) E NO
Pseudogenes, retropseudogenes or other homolog D YES
Sequence alignment D YES
Secondary structure analysis of amplicon D NO
Location of each primer by exon or intron (if applicablg E YES
What splice variants are targeted? E YES
gqPCR OLIGONUCLEOTIDES
Primer sequences E YES
RTPrimerDB Identification Number D N/A
Probe sequences D N/A
Location and identity of any modifications E N/A
Manufacturer of oligonucleotides D NO
Purification method D NO
gqPCR PROTOCOL
Complete reaction conditions E YES
Reaction volume and amount of cDNA/DNA E YES
Primer, (probe), Mg++ and dNTP concentrations E N/A
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Table C 1 (continued)

Polymerase identity and concentration E N/A
Buffer/kit identity and manufacturer E YES
Exact chemical constitution of the buffer D N/A
Additives (SYBR Green |, DMSO, etc.) E YES
Manufacturer of plates/tubes and catalog number D NO
Complete thermocycling parameters E YES
Reactionsetup (manual/robotic) D YES
Manufacturer of gPCR instrument E YES
gPCR VALIDATION
Evidence of optimization (from gradients) D NO
Specificity (gel, sequence, melt, or digest) E YES
For SYBR Green |, Cq of the NTC E YES
Standard curves with slopad yintercept E YES
PCR efficiency calculated from slope E YES
Confidence interval for PCR efficiency or standard D NO
error
r2 of standard curve E YES
Linear dynamic range E YES
Cq variation at lower limit E YES
Confidence intervals throughout range D N/A
Evidence for limit of detection E NO
If multiplex, efficiency and LOD of each assay. E N/A
DATA ANALYSIS
gPCR analysis program (source, version) E YES
Cq method determination E YES
Ouitlier identification and disposition E N/A
Results of NTCs E YES
Justification of number and choice of reference genes E YES

E: essential information, D: desirable information, N/A: not applicable
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Table D 1. Primer list.

APPENDIX D

PRIMERS

Primer Name Sequence (5'to 3")

PUM1_FP AGTGGGGGACTAGGCGTTAG
PUM1 REP GTTTTCATCACTGTCTGCATCC
TFF1/pS2_FP TTGTGGTTTTCCTGGTGTCA
TFF1/pS2_REP CCGAGCTCTGGGACTAATCA
CCNAL1l FP GTGTATGAAGTAGACACCGG
CCNA1 REP GTCACATTTATCACATCTGTGC
CTGF_FP GGTTACCAATGACAACGCCTC
CTGF_REP GATAGGCTTGGAGATTTTGGG
YPEL2 FP CAGCATCTACCCAACCCAGTGTCC
YPEL2 REP GATGGCGTCAGGGTGGGAGG
YPEL3 _FP GCATGCACTGTGACCTTGGG
YPEL3 REP CTATAGGGCAGGTGGGGCAGG
GAPDH_FP GGGAGCCAAAAGGGTCATCA
GAPDH_REP TTTCTAGACGGCAGGTCAGGT
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APPENDIX E

GENOMIC DNA CONTAMINATION CONTROL

Figure E 2. Genomic DNA control PCR.600 ng of total RNA isolates were subjectedP®©R with
glyceraldehyde -phosphate dehydrogenase (GAPDH) primers. Reaction conditions were as follows;

initial denaturation at & for three minutes, denaturation afP@3or 30 seconds, annealing aP65

for 30 seconds, extension at®@2for 30 seconddenaturation, annealing and extension steps were

repeated for 40 cycles with a final extension 2C7fr 10 minutes, infinite hold a@. As positive

control, 100 ng of genomic DNA was used in the same set of experimental PCR. Similar results were
obtdned for each RNA isolated. Lane 1:GeneRuler DNA Ladder Mix 10Q0§®0 bp, Thermo

Scientific, USA). Lane2: MDAERU5, 6h OH treaERUEGi . 6haB2 B8BredMDmen
4:MDA-ERU11, 6h OH tr eaEtRtklnlt,. 6Lha nEe2 5t:r eMDRMdd 8t . 6hane
OH treatment. Lane 7-MDAE RU13, 6h E2 t r e-&EV2n6h OH treatrneatnLane 8:: MDA
MDA-EV2, 6h E2 treatment. Lane 10: MCF7, 6h E2 treatment. Lane 11: No template control. Lane

12: 100 ng genomic DNA as template.
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APPENDIX F

PERFORMANCE OF RT-gPCR REACTIONS

A representative example of the PCR reactions generated in this study. Results
were shownas standard curvier PUML1 expression in skhour ethanol treated
MCF7 cells. Similar results were obtained f¥IPEL2, YPEL3, CTGF, TFF1/pS2,

andCCNA1
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70

Temperature, Celsius

Melt Peak

Temperature, Celsius

Well Fluor Content Sample Cq SQ

A01 SYBR Std 15 26,08 | 40000,00000
BO1 SYBR Std 1:10 27,08 | 20000,00000
C01 | SYBR Std 1:20 28,14 | 10000,00000
D01 | SYBR Std 1:40 29,12 | 5000,00000
EO1 | SYBR Std 1:80 30,34 | 2500,00000
C06 | SYBR NTC

B12 SYBR NTC
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APPENDIX G
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APPENDIX H

TOP 100 SIGNIFICANT GENOMIC REGIONS IN METYLOME
ANALYSES

Table H 1. Top 100 hypermethylated genomic regionsin MDA RU5 cel | s after
CpG | p-
CHOR | STAR ST | PROM | EX | INTRO | ISLA | VAL | CLASSICIFI
OM. T END |R. |OTER |ON |N ND UE CATION
13537| 13537 1,58 | stronglyHype
chrl0 9656| 9657 - SYCE1 SYCELl|Y E-07 | rmeth
17716| 17716 5,09 stronglyHype
chrll 394 395| + E-07 | rmeth
15708| 15708 6,4E | stronglyHype
chrl 1740 1741 - 07 | rmeth
19606| 19606 1,05 | stronglyHype
chr2 149 150 | + E-06 | rmeth
71838| 71838 1,58 | stronglyHype
chr9 423 424 | + TJIP2 E-06 | rmeth
11918| 11918 1,61 | stronglyHype
chrll 7935| 7936 + MCAM E-06 | rmeth
17815| 17815 3,13 stronglyHype
chrl 342 343 - E-06 | rmeth
17995| 17995 CNOT 3,83 | stronglyHype
chrb 8765| 8766| + 6 E-06 | rmeth
14593| 14593 4,33 | stronglyHype
chr8 8455| 8456 - E-06 | rmeth
80323| 80323 4,34 | stronglyHype
chrl 194 195/ - E-06 | rmeth
18908| 18908 4,34 | stronglyHype
chr4 4674| 4675| + E-06 | rmeth
48005| 48005 KCNB 5,23 | stronglyHype
chr20 949 950 | + 1 E-06 | rmeth
58199| 58199 SLC35 7,05 stronglyHype
chrl4 937 938 | - F4 E-06 | rmeth
89626| 89626 LOC44 7,94 | stronglyHype
chr9 710 711 | + 0173 Y E-06 | rmeth
42879| 42879 TMPRS TMPR 7,94 | stronglyHype
chr21 213 214 | - S2 SS2 Y E-06 | rmeth
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Table H 1. (continued)

CpG | p-
CHOR | STAR ST | PROM | EXO |INTR [ISL | VAL | CLASSICIFI
OM. T END |R. | OTER |N ON AND | UE CATION
43846 | 43846 9,53 | stronglyHype
chrl0 | 967 968 + E-06 | rmeth
46924 | 46924 PTH1 9,53 | stronglyHype
chr3 060 061] - PTHI1R R Y E-06 | rmeth
98859| 98859 1,27 | stronglyHype
chrb 823 824 | + E-05 | rmeth
22822| 22822 WNT3 1,32 | stronglyHype
chrl 5886| 5887 - A E-05 | rmeth
26513| 26513 LOC44 1,45 | stronglyHype
chr7 287 288 + 1204 E-05 | rmeth
15454 | 15454 CHRN | CHR 1,45 | stronglyHype
chrl 0313| 0314| - B2 NB2 Y E-05 | rmeth
86736| 86736 1,6E | stronglyHype
chrl4 291 292 | - 05 | rmeth
89807| 89807 1,61 | stronglyHype
chrl3 423 424 | - E-05 | rmeth
74242 | 74242 1,66 | stronglyHype
chrl?7 061 062 ] - E-05 | rmeth
44594 | 44594 1,91 | stronglyHype
chrl0 329 330] - E-05 | rmeth
18594 | 18594 2,02 | stronglyHype
chr4 9555| 9556| + E-05 | rmeth
14985| 14985 2,02 | stronglyHype
chrb 1663| 1664 + E-05 | rmeth
79607| 79607 2,3E | stronglyHype
chrb 554 555| + 05 | rmeth
19192| 19192 SLC24 2,58 | stronglyHype
chr20 839 840| + | A3 Y E-05 | rmeth
10074| 10074 RNF2 2,58 | stronglyHype
chrl 63 64| - 23 E-05 | rmeth
25592| 25592 2,58 | stronglyHype
chrl3 594 505 - Y E-05 | rmeth
14306| 14306 2,63 | stronglyHype
chr7 6585| 6586 - E-05 | rmeth
85197| 85197 2,88 | stronglyHype
chr4 75 76 | - E-05 | rmeth
50207| 50207 2,88 | stronglyHype
chrl8 6 7 - E-05 | rmeth
44936| 44936 CDH2 2,91 stronglyHype
chr20 622 623| + | CDH22 2 Y E-05 | rmeth
19464| 19464 3,09 | stronglyHype
chr9 207 208 | + E-05 | rmeth
25710| 25710 AMDH | AMD 3,33 stronglyHype
chrl6 67 68| - D2 HD2 Y E-05 | rmeth
12464 | 12464 3,33 stronglyHype
chrb 22 23| + Y E-05 | rmeth
19649| 19649 3,39 stronglyHype
chrl9 300 301|+ | CILP2 CILP2 |Y E-05 | rmeth
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Table H 1. (continued)

CpG | p-
CHOR | STAR ST | PROM | EX | INTR | ISLA | VAL | CLASSICIFI
OM. T END |R. | OTER | ON | ON ND UE CATION
11934| 11934 3,4E | stronglyHype
chrl8 724 725 + 05 | rmeth
98947| 98947 4,11 | stronglyHype
chr4 1 2] - IDUA E-05 | rmeth
12634| 12634 4,11 | stronglyHype
chrl2 6095| 6096 - Y E-05 | rmeth
13521 13521 4,21 | stronglyHype
chr9 8521| 8522]| + SETX E-05 | rmeth
49626| 49626 PPFI 4,72 | stronglyHype
chrl9 783 784 | - A3 E-05 | rmeth
35586| 35586 4,72 | stronglyHype
chrl 978 979 | + E-05 | rmeth
18502| 18502 TMEM TME 4,72 | stronglyHype
chrl 33 34 - 52 M52 |Y E-05 | rmeth
75149| 75149 4,72 | stronglyHype
chrl3 973 974 | + E-05 | rmeth
62874| 62874 5,14 | stronglyHype
chrl0 560 561 + E-05 | rmeth
69063| 69063 5,36 | stronglyHype
chr7 535 536 - AUTS?2 Y E-05 | rmeth
50354| 50354 ATP9 5,39 stronglyHype
chr20 818 819 | + A E-05 | rmeth
84419| 84419 SNAP9 5,39 stronglyHype
chré 465 466 | - 1 E-05 | rmeth
10206| 10206 5,39 stronglyHype
chrl4 8801| 8802] - E-05 | rmeth
10206| 10206 5,39 stronglyHype
chrl4 8809| 8810 - E-05 | rmeth
12250| 12250 5,39 stronglyHype
chr2 9962| 9963| + E-05 | rmeth
24152| 24152 RG 5,66 | stronglyHype
chrl 0357| 0358 - RGS7 | S7 Y E-05 | rmeth
24152| 24152 RG 5,66 | stronglyHype
chrl 0370| 0371 - RGS7 | S7 Y E-05 | rmeth
24152| 24152 RG 5,66 | stronglyHype
chrl 0375| 0376/ - RGS7 | S7 Y E-05 | rmeth
15969| 15969 5,89 | stronglyHype
chr2 3872 3873] - E-05 | rmeth
96675| 96675 6,11 | stronglyHype
chr9 446 447 | + E-05 | rmeth
51830| 51830 IGLO 6,12 | stronglyHype
chrl9 633 634 | + N5 Y E-05 | rmeth
95213| 95213 SEM 6,12 | stronglyHype
chrb 42 43| - ABA E-05 | rmeth
11052| 11052 GP 6,12 | stronglyHype
chrl9 35 36| - GPX4 | X4 Y E-05 | rmeth
99656| 99656 6,12 | stronglyHype
chr9 047 048 | + E-05 | rmeth
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Table H 1. (continued)

CpG | p-
CHOR | STA ST | PROMO| EXO | INTR | ISLA | VAL | CLASSICIFI
OM. RT END | R. | TER N ON ND UE CATION
1760 | 1760
4652 | 4652 6,12E | stronglyHype
chrb 3 4 - Y -05 rmeth
1005 | 1005
5336 | 5336 6,12E | stronglyHype
chrl3 |8 9 - -05 rmeth
4109 | 4109 6,73E | stronglyHype
chrl4 | 9053 | 9054 | - -05 rmeth
1369 | 1369
0886 | 0886 6,73 | stronglyHyper
chr4 7 8 - E-05 | meth
2921 | 2921 6,73E | stronglyHype
chrlé | 4997 | 4998 | - -05 rmeth
UGT
1A10
JUGT
1A8,
UGT
1A9,
UGT
1A4,
UGT
1A5,
UGT
1A6,
UGT
2346 | 2346 LOC10 1A7,
6436 | 6436 028692 UGT 6,73E | stronglyHype
chr2 8 9 - 2 1A3 -05 rmeth
6103 | 6103 6,73E | stronglyHype
chr8 4667 | 4668 | + -05 rmeth
3039 | 3039 7,14E | stronglyHype
chrl9 | 7680 | 7681 | + -05 rmeth
2268 | 2268 8,08E | stronglyHype
chrl5 | 3218 | 3219 | - -05 rmeth
1568 | 1568
1395 | 1395 8,65E | stronglyHype
chr7 5 6 - Y -05 rmeth
9013| 9013 9,18E| stronglyHype
chr2 35 36| + -05 | rmeth
5278 | 5278 PTGER 9,38E| stronglyHype
chrl4 0823| 0824 + 2 Y -05 | rmeth
2379| 2379 0,000/ stronglyHype
chr22 3856| 3857 + 104 | rmeth
2248 | 2248 ST8SI 0,000/ stronglyHype
chrl2 7824 | 7825| - Al Y 104 | rmeth
4463| 4463 0,000| stronglyHype
chrll 3075| 3076] - CD82 107 | rmeth
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Table H 1. (continued)

S
T CpG | p-

CHOR | STAR R| PROM | EX | INTR | ISLA | VAL | CLASSICIFIC
OM. T END |. |OTER |ON |ON ND UE ATION

24220| 24220 HDL 0,000/ stronglyHyper
chr2 3701 3702| - BP 108 | meth

18467| 18467 RTN4 0,000/ stronglyHyper
chrl7 44 45| + RL1 119 | meth

48599| 48599 0,000/ stronglyHyper
chrX 058 059 | + 125 | meth

58858| 58858 Al 0,000| stronglyHyper
chrl9 891 892 | + BG Y 125 | meth

74528| 74528 SFMB SFM 0,000/ stronglyHyper
chrl0 33 34|+ | T2 BT2 Y 125 | meth

74528| 74528 SFMB SFM 0,000/ stronglyHyper
chrl0 44 45|+ | T2 BT2 Y 125 | meth

13198| 13198 0,000/ stronglyHyper
chrl0 8689| 8690| + Y 125 | meth

16815| 16815 0,000/ stronglyHyper
chrl?7 008 009]| + 125 | meth

25289 25289 0,000/ stronglyHyper
chrl7 836 837 - Y 125 | meth

66165| 66165 0,000/ stronglyHyper
chrll 538 539 + 125 | meth

51109| 51109 0,000/ stronglyHyper
chrl8 766 767 | - 125 | meth

53317| 53317 0,000/ stronglyHyper
chrl2 957 958 | + KRT8 125 | meth

10558| 10558 0,000/ stronglyHyper
chrl4 0297| 0298] - 125 | meth

92943| 92943 0,000/ stronglyHyper
chrl3 416 417 | + GPC5 125 | meth

13783| 13783 THS 0,000/ stronglyHyper
chr2 4245| 4246 - D7B 125 | meth

14061| 14061 0,000/ stronglyHyper
chr2 9846| 9847 - 125 | meth

12113| 12113 0,000| stronglyHyper
chrl 7848| 7849| + Y 126 | meth

24152 | 24152 RG 0,000/ stronglyHyper
chrl 0381| 0382| - | RGS7 | S7 Y 126 | meth

24152 | 24152 RG 0,000/ stronglyHyper
chrl 0385| 0386| - | RGS7 | S7 Y 126 | meth

21486| 21486 0,000/ stronglyHyper
chr20 846 847 - Y 131 | meth

17199| 17199 0,000/ stronglyHyper
chrl 402 403 | + Y 141 | meth

10226| 10226 0,000/ stronglyHyper
chrX 5019| 5020 - 141 | meth
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Table H 2. Top 100 hypomethylated genomic regions ilDA-ERU5 cel | s aft er
CpG | p-

CHOR | STAR ST | PROM | EX |INTR |ISLA | VAL | CLASSICIFI
OM. T END |R. | OTER |ON |ON ND UE CATION

16274| 16274 WDR 1,75 | stronglyHypo
chrl?7 24 25 - WDR81 81 E-09 | meth

39402| 39402 7,79 | stronglyHypo
chr6 93 94 | + E-08 | meth

61655| 61655 1,27 | stronglyHypo
chrl4 191 192 | + E-07 | meth

57703| 57703 5,35 stronglyHypo
chrd 350 351 | + E-07 | meth

89081 | 89081 5,59 | stronglyHypo
chrl6 343 344 | + E-07 | meth

86499| 86499 6,8E | stronglyHypo
chrl0 074 075] - 07 | meth

38300| 38300 8,42 | stronglyHypo
chrll 150 151 + E-07 | meth

65613| 65613 SCR 1,02 | stronglyHypo
chr20 7 8| - SCRT2 | T2 Y E-06 | meth

14479| 14479 CCDC1 1,26 | stronglyHypo
chr8 0758| 0759|+ |66 Y E-06 | meth

22095| 22095 1,45 | stronglyHypo
chrl5 160 161 - Y E-06 | meth

10355| 10355 1,55 | stronglyHypo
chrX 0540| 0541 - E-06 | meth

12279| 12279 MIRS 2,04 | stronglyHypo
chrl0 1246| 1247 - 694 E-06 | meth

12776| 12776 2,07 | stronglyHypo
chrl2 4587 | 4588| + E-06 | meth

13210| 13210 6,44 | stronglyHypo
chrl2 2658| 2659 + E-06 | meth

12444\ 12444 7,69 | stronglyHypo
chr3 7321 7322| + E-06 | meth

12871| 12871 7,94 | stronglyHypo
chr3 9584| 9585|+ | EFCC1 E-06 | meth

20588| 20588 9,62 | stronglyHypo
chrl 2081| 2082] - E-06 | meth

59560| 59560 1,22 | stronglyHypo
chr3 500 501 | + E-05 | meth

23676| 23676 HEATR HEA 1,29 | stronglyHypo
chrl 7602| 7603|+ |1 TR1 |Y E-05 | meth

56558| 56558 1,32 | stronglyHypo
chr20 235 236 | + E-05 | meth

12335| 12335 FGF 1,34 | stronglyHypo
chrl0 7577| 7578| + | FGFR2 | R2 Y E-05 | meth

43818| 43818 MPP 1,34 | stronglyHypo
chr22 167 168 | + ED1 E-05 | meth

74671| 74671 CAM 1,34 | stronglyHypo
chrl 17 18| + TAL E-05 | meth

51483| 51483 1,34 | stronglyHypo
chrl5 692 693 | + E-05 | meth
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Table H 2. (continued)

CpG | p-
CHO | STAR ST | PROM INTR |ISL | VAL | CLASSICIFI
ROM. | T END |R. | OTER | EXON | ON AND | UE CATION
32023| 32023 1,45 | stronglyHyp
chrl 626 627 | + E-05 | ometh
21983| 21983 1,45] stronglyHyp
chr3 240 241 - E-05 | ometh
28202| 28202 1,48 stronglyHyp
chrl5 799 800 | + OCA2 E-05 | ometh
13062| 13062 1,55 | stronglyHyp
chr9 3706| 3707| + E-05 | ometh
82194| 82194 ARHG 1,61 stronglyHyp
chrl7 10 11| + EF15 E-05 | ometh
87968| 87969 1,84 stronglyHyp
chrl6 9 0]+ E-05 | ometh
98182| 98182 1,84 | stronglyHyp
chrlbs 142 143 | + E-05 | ometh
27216| 27216 GABR 1,91 | stronglyHyp
chrl5 305 306 - G3 Y E-05 | ometh
15792| 15792 ZDH 2,01 stronglyHyp
chr6 3941 3942]| + HC14 E-05 | ometh
18927| 18927 2,21 | stronglyHyp
chr4 8506| 8507 - E-05 | ometh
22337| 22337 2,21 | stronglyHyp
chrl0 364 365]| + E-05 | ometh
32711| 32711 2,21 stronglyHyp
chrb 385 386 - NPR3 NPR3 | Y E-05 | ometh
20160| 20160 2,29 | stronglyHyp
chr8 814 815| + Y E-05 | ometh
26733| 26733 2,29 | stronglyHyp
chrl3 585 586 | + E-05 | ometh
88612| 88612 NAA 2,29 | stronglyHyp
chr9 954 955 - 35 E-05 | ometh
76282| 76282 2,58 | stronglyHyp
chrl8 702 703 - E-05 | ometh
38196| 38196 2,84 | stronglyHyp
chrb 303 304 | - E-05 | ometh
85160| 85160 2,88 | stronglyHyp
chrl6 596 597 - E-05 | ometh
66172| 66172 SLC13 2,88 | stronglyHyp
chrl7 10 11|+ | A5 Y E-05 | ometh
53483| 53483 2,88 | stronglyHyp
chr2 462 463 | - E-05 | ometh
74136| 74136 RNF15 2,97 | stronglyHyp
chrl7 266 267 |+ | 7-AS1 | FOXJ1 Y E-05 | ometh
61655| 61655 3,09 stronglyHyp
chrl4 205 206 | + E-05 | ometh
10250| 10250 3,33 stronglyHyp
chrl0 5545| 5546| + | PAX2 | PAX2 Y E-05 | ometh
38670| 38670 AMP 3,33 | stronglyHyp
chr7 779 780| + | AMPH H Y E-05 | ometh
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Table H 2. (continued)

CpG | p-
CHOR | STAR ST | PROM | EXO | INTR |ISL | VAL | CLASSICIFI
OM. T END |R. | OTER | N ON AND | UE CATION
15716| 15716 3,66 | stronglyHypo
chrl 4748 | 4749] - Y E-05 | meth
15449| 15449 3,98 | stronglyHypo
chrb 4493| 4494 - E-05 | meth
44201 44201 4,05 | stronglyHypo
chr21 548 549 | - E-05 | meth
14689 14689 BRSK 4,11 | stronglyHypo
chrll 89 90 | + 2 E-05 | meth
11601| 11601 4,16 | stronglyHypo
chr8 8565| 8566 + E-05 | meth
54393| 54393 PRKC 4,72 | stronglyHypo
chrl9 960 961 - G E-05 | meth
11170| 11170 5,39 stronglyHypo
chr4 4819| 4820| + E-05 | meth
85482| 85482 5,39 stronglyHypo
chrl6 530 531] - E-05 | meth
40724 | 40724 ZMPST ZMPS 5,66 | stronglyHypo
chrl 594 505| + | E24 TE24 E-05 | meth
33811| 33811 6,12 | stronglyHypo
chr9 366 367 - E-05 | meth
78067| 78067 CCDC 6,12 | stronglyHypo
chrl7 602 603 - 40 E-05 | meth
21331| 21331 ERBB 6,12 | stronglyHypo
chr2 1911 1912] - 4 E-05 | meth
19584| 19584 6,73 | stronglyHypo
chr22 403 404 | - E-05 | meth
12795| 12795 6,73 | stronglyHypo
chrb 6975| 6976] + E-05 | meth
22103| 22103 6,73 | stronglyHypo
chr2 8012| 8013] - E-05 | meth
11378| 11378 6,73 | stronglyHypo
chrX 4704| 4705| + E-05 | meth
56964 | 56964 7,43 | stronglyHypo
chr4 997 998 | - E-05 | meth
80136| 80136 CTN 8,08 | stronglyHypo
chr2 811 812 - NA2 E-05 | meth
14565| 14565 8,46 | stronglyHypo
chr7 7507| 7508] + E-05 | meth
10640| 10640 SORCS| SOR 0,000| stronglyHypo
chrl0 1369| 1370+ |3 CS3 Y 086 | meth
63637| 63637 LINCO 8,74 | stronglyHypo
chrl 054 055 + 0466 E-05 | meth
13231 13231 MMP1 9,38 | stronglyHypo
chrl2 4863| 4864| + 7 Y E-05 | meth
89827| 89827 SRSF1 | SRSF 9,46 | stronglyHypo
chré 653 654 | - 2 12 Y E-05 | meth
55371| 55371 SOX 0,000/ stronglyHypo
chr8 910 911 - 17 Y 104 | meth
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Table H 2. (continued)

CpG
S ISL | p-
CHO | STA T | PROMOTE | EX |INTR | AN | VAL | CLASSICIF
ROM. | RT END |R. |R ON | ON D UE | ICATION
55371 55371 SOX 0,00| stronglyHyp
chr8 920 921 - 17 Y 0104 | ometh
64134| 64134 ZNF 0,00 stronglyHyp
chrl0 160 161 - ZNF365 365 Y 0104 | ometh
74273| 74273 QRI 0,00 | stronglyHyp
chrl7 308 309 - CH2 0104 | ometh
36331| 36331 0,00 | stronglyHyp
chrl 233 234 | + 0104 | ometh
12017| 12017 ASTN 0,00 stronglyHyp
chr9 5861| 5862] - 2 Y 0104 | ometh
12017| 12017 ASTN 0,00 | stronglyHyp
chr9 5887| 5888| - 2 Y 0104 | ometh
91160| 91160 0,00 | stronglyHyp
chrl2 249 250 + 0106 | ometh
12042| 12042 0,00 stronglyHyp
chrl2 | 6291| 6292]| + 0108 | ometh
47916| 47916 MEIS 0,00| stronglyHyp
chrl9 481 482 | + 3 0112 | ometh
24214\ 24214 0,00 | stronglyHyp
chr2 3870 3871 + ANO7 0119| ometh
10781| 10781 0,00 stronglyHyp
chr3 0395| 0396 - CD47 Y 0122 | ometh
45983| 45983 CLI 0,00 stronglyHyp
chr6 248 249 | + | CLIC5 C5 |CLIC5|Y 0122 | ometh
95918| 95918 0,00 stronglyHyp
chrl 346 347 | + 0123 | ometh
13948 13948 0,00 | stronglyHyp
chr9 4811| 4812| - 0123 | ometh
26189| 26189 LOC284801 LOC2 0,00 | stronglyHyp
chr20 163 164 | - ,MIR663A 84801 | Y 0125| ometh
26189| 26189 LOC284801 LOC2 0,00 | stronglyHyp
chr20 181 182 - ,MIR663A 84801 | Y 0125| ometh
13740| 13740 0,00 | stronglyHyp
chrb 6520| 6521] - 0125| ometh
17435| 17435 FLJ16 0,00 stronglyHyp
chrb 0083| 0084] - 171 0125| ometh
19463| 19463 0,00 stronglyHyp
chrl6 804 805 - TMC5 0125| ometh
39910( 39910 PLEK 0,00 stronglyHyp
chrl9 282 283 + HG2 0125| ometh
84778| 84778 0,00| stronglyHyp
chrl4 830 831 - 0125| ometh
15500| 15500 0,00 stronglyHyp
chr6 0958| 0959 + 0125| ometh
39621| 39621 PDG 0,00 | stronglyHyp
chr22 192 193] - FB 0125| ometh
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Table H 2. (continued)

CpG | p-
CHOR | STAR ST | PROM | EX | INTR | ISLA | VAL | CLASSICIFI
OM. T END |R. | OTER |ON |ON ND UE CATION
PP

16047| 16047 M1 0,000/ stronglyHypo
chr3 4371| 4372\ + | PPMILL | L Y 125 | meth

32007| 32007 PRD 0,000/ stronglyHypo
chrl 15 16 | - M16 125 | meth

30422| 30422 0,000/ stronglyHypo
chr4 626 627 | - 125 | meth

44426| 44426 0,000/ stronglyHypo
chrl4 571 572 | + 131 | meth

11228| 11228 0,000/ stronglyHypo
chr6 3912| 3913] - 131 | meth
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Table H 3. Top 100 hypermethylated genomic regions in MCF7 cellfter 6h E2 treatment.

CpG | p-
CHO | STAR ST | PROMO | EX |INTR |ISL | VAL | CLASSICIFI
ROM. | T END |R. | TER ON | ON AND | UE CATION
50850| 50850 GRB1 7,27 | stronglyHyp
chr7 611 612 | + 0 Y E-08 | ermeth
50850| 50850 GRB1 7,27 | stronglyHyp
chr7 613 614 | + 0 Y E-08 | ermeth
80620| 80620 1,58 | stronglyHyp
chrll 56 57| + TUB E-07 | ermeth
91005| 91005 BACH 4,03 | stronglyHyp
chr6 661 662 | - BACH2 2 Y E-07 | ermeth
58116| 58116 RNF2 5,1E | stronglyHyp
chr7 29 30| + 16 07 | ermeth
32179| 32179 5,67 | stronglyHyp
chrlbs 976 977 | + E-07 | ermeth
13520| 13520 PAO 1,29 | stronglyHyp
chrl0 2521| 2522 + X E-06 | ermeth
20178| 20178 DB 1,55] stronglyHyp
chrll 718 719 | + X1 Y E-06 | ermeth
93393| 93393 1,58 | stronglyHyp
chrl0 050 051/ - PPP1R3C Y E-06 | ermeth
10415| 10415 C8orf56, | BA | C8orf5 1,96 | stronglyHyp
chr8 3099| 3100 - BAALC ALC | 6 Y E-06 | ermeth
93393| 93393 2,12 | stronglyHyp
chrl0 030 031] - PPP1R3C Y E-06 | ermeth
52594| 52594 2,63 | stronglyHyp
chrl4 728 729 | + E-06 | ermeth
22549| 22549 LINCO 4,33 | stronglyHyp
chr20 123 124 | + 0261 |Y E-06 | ermeth
58524 | 58524 5,98 | stronglyHyp
chrl 280 281 - DAB1 E-06 | ermeth
12841 12841 7,94 | stronglyHyp
chrll 9247| 9248] - ETS1 |Y E-06 | ermeth
24753| 24753 8,6E | stronglyHyp
chrl 6436| 6437 + 06 | ermeth
18704| 18704 1,03 | stronglyHyp
chrl 1693| 1694 - E-05 | ermeth
76031| 76031 FILIP 1,05] stronglyHyp
chr6 326 327 | - 1 E-05 | ermeth
25258| 25258 RUNX 1,08 | stronglyHyp
chrl 485 486 | - 3 Y E-05 | ermeth
91469| 91469 1,09 | stronglyHyp
chrlbs 285 286 | - E-05 | ermeth
93393| 93393 1,26 | stronglyHyp
chrl0 048 049 - PPP1R3C Y E-05 | ermeth
12011| 12011 1,43 | stronglyHyp
chr4 3618| 3619 - E-05 | ermeth
41962| 41962 CsDC 1,45 | stronglyHyp
chr22 709 710 - 2 E-05 | ermeth
14264 | 14264 LRP1 1,45 | stronglyHyp
chr2 4823| 4824| + B E-05 | ermeth
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Table H 3. (continued)

CpG
S ISL | p-
CHO | STA T | PROMOTE | EX | INTRO | AN | VA | CLASSICIF
ROM. | RT END |R. |R ON | N D LUE | ICATION
1391 1391
1733| 1733 1,55 | stronglyHyp
chré 7 8|+ | ECT2L ECT2L |Y E-05 | ermeth
9100| 9100 1,61 stronglyHyp
chr6 5663| 5664 | - BACH?2 BACH2 |Y E-05 | ermeth
4866| 4866 1,61 stronglyHyp
chr22 | 1756| 1757| + E-05 | ermeth
5426| 5426 MIR519A2, 1,66 | stronglyHyp
chrl9 | 4807| 4808] - MIR516A2 E-05 | ermeth
1144 1144
8246| 8246 TMEM2 1,88 | stronglyHyp
chrl3 3 4 - 55B E-05 | ermeth
7941 7941 2,02 | stronglyHyp
chr3 4812| 4813 + ROBO1 E-05 | ermeth
1354| 1354
7629| 7629 2,29 | stronglyHyp
chr8 1 2|+ Y E-05 | ermeth
1504 | 1504 2,29 stronglyHyp
chrl 9953| 9954 - KAZN E-05 | ermeth
1411 1411
1136| 1137 FAM15 2,29 stronglyHyp
chr9 9 0|+ 7B Y E-05 | ermeth
1232| 1232 2,29 stronglyHyp
chrl9 | 7087| 7088 - E-05 | ermeth
5448 | 5448 CACNG 2,29 | stronglyHyp
chrl9 | 3028| 3029| + 8 Y E-05 | ermeth
5448 | 5448 CACNG 2,29 stronglyHyp
chrl9 | 3031| 3032| + 8 Y E-05 | ermeth
5448 | 5448 CACNG 2,29 stronglyHyp
chrl9 | 3033| 3034| + 8 Y E-05 | ermeth
1263| 1263
8191| 8191 NUP210 2,58 | stronglyHyp
chr3 6 7|+ | NUP210P1 P1 E-05 | ermeth
5847| 5847 2,83 | stronglyHyp
chr3 0884| 0885| + E-05 | ermeth
2358 | 2358 2,92 | stronglyHyp
chrl 805| 806] - E-05 | ermeth
1219| 1219
9857| 9857 TFCP2L 3,09 stronglyHyp
chr2 8 9| - 1 E-05 | ermeth
4642 | 4642 LOC100 3,14 | stronglyHyp
chr4 166 167 | + 507266 E-05 | ermeth
4165| 4165 3,15 stronglyHyp
chrl6 511 512 | + | ADCY9 ADCY9 | Y E-05 | ermeth
6240| 6240 3,66 | stronglyHyp
chrX 5618| 5619] - E-05 | ermeth
2733| 2733 3,72 | stronglyHyp
chrl7 | 1649| 1650] - SEZ6 E-05 | ermeth
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Table H 3. (continued)

CpG | p-
CHOR | STAR ST | PROM | EX |INTR |ISLA | VAL | CLASSICIFI
OM. T END |R. | OTER |ON | ON ND UE CATION
16681| 16681 3,8E | stronglyHype
chr2 3565| 3566| + 05 | rmeth
22584| 22584 4,05 | stronglyHype
chrl 321 322 | + E-05 | rmeth
15734| 15734 PTPR 4,05 | stronglyHype
chr7 8255| 8256 - N2 E-05 | rmeth
15298| 15298 4,05 | stronglyHype
chrl 32 33| + E-05 | rmeth
15082| 15082 4,11 stronglyHype
chrl 8731| 8732] - ARNT E-05 | rmeth
23138| 23138 4,22 | stronglyHype
chr20 369 370 - E-05 | rmeth
23817| 23817 KLHL 4,52 | stronglyHype
chr2 179 180 | + 29 E-05 | rmeth
15732| 15732 4,74 | stronglyHype
chrb 9667| 9668 + E-05 | rmeth
29500| 29500 CARD 4,88 | stronglyHype
chr7 37 38| - 11 E-05 | rmeth
12523| 12523 PKNO 4,88 | stronglyHype
chrll 4622| 4623 - X2 E-05 | rmeth
83052| 83052 HTRA 4,97 | stronglyHype
chr4 38 39|+ 3 E-05 | rmeth
39855| 39855 5E- | stronglyHype
chr2 695 696 | - 05 | rmeth
14854| 14854 5,14 | stronglyHype
chr2 1369| 1370 - E-05 | rmeth
97637| 97637 CPNE 5,33 | stronglyHype
chr3 97 98 | - 9 E-05 | rmeth
14487| 14487 5,38 | stronglyHype
chr4 1174| 1175] - E-05 | rmeth
43132| 43132 5,39 | stronglyHype
chr8 217 218 - Y E-05 | rmeth
24514| 24514 IFNLR 5,39 stronglyHype
chrl 034 035+ |1 Y E-05 | rmeth
24514| 24514 IFNLR 5,39 stronglyHype
chrl 040 041+ |1 Y E-05 | rmeth
11959| 11959 5,39 stronglyHype
chr2 9165| 9166/ - Y E-05 | rmeth
47184| 47184 TBC1 5,39 stronglyHype
chr22 022 023 + D22A E-05 | rmeth
98246| 98246 NPT 5,39 stronglyHype
chr7 861 862 | + | NPTX2 | X2 Y E-05 | rmeth
70529| 70529 6,11 | stronglyHype
chr4 786 787 - E-05 | rmeth
19768| 19768 6,12 | stronglyHype
chrl3 595 596 | + E-05 | rmeth
84363| 84363 ZDHH 6,62 | stronglyHype
chrb 2 3|+ Cl1 Y E-05 | rmeth
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Table H 3. (continued)

CpG | p-
CHO | STAR ST | PROM | EX ISL | VAL | CLASSICIFI
ROM. | T END |R. | OTER | ON | INTRON | AND | UE CATION
15591 15591 RX 6,62 | stronglyHyp
chrl 2577| 2578| + FP4 E-05 | ermeth
17706| 17706 6,62 | stronglyHyp
chr2 0386| 0387] - E-05 | ermeth
19768| 19768 6,73 | stronglyHyp
chrl3 590 501 + E-05 | ermeth
30942| 30942 6,73 | stronglyHyp
chrl9 019 020] - ZNF536 |Y E-05 | ermeth
48300| 48300 6,73 | stronglyHyp
chrX 396 397 - E-05 | ermeth
15222| 15222 6,73 | stronglyHyp
chr6 779 780 - E-05 | ermeth
99358| 99358 6,88 | stronglyHyp
chr2 949 950 - E-05 | ermeth
12986| 12986 7,15 stronglyHyp
chrl0 1324| 1325| + PTPRE E-05 | ermeth
86531| 86531 FENDR 8,46 | stronglyHyp
chrl6 849 850 - R Y E-05 | ermeth
57616| 57616 8,6E | stronglyHyp
chrl9 167 168 | + 05 | ermeth
13935| 13935 ABRAC 8,7E | stronglyHyp
chr6 3352| 3353] - L 05 | ermeth
65087| 65087 8,74 | stronglyHyp
chr8 536 537 | + E-05 | ermeth
40356| 40356 0,00 | stronglyHyp
chr20 58 59| + 0104 | ermeth
20638| 20638 0,00 | stronglyHyp
chrl 74 75| + PRKCZ |Y 0104 | ermeth
28259 28259 0,00 | stronglyHyp
chrl?7 420 421 - EFCABS5 0125 | ermeth
27365| 27365 0,00 | stronglyHyp
chr2 400 401 | + 0125| ermeth
11287| 11287 0,00 | stronglyHyp
chrl3 0346| 0347]| + 0125| ermeth
89101| 89101 0,00 | stronglyHyp
chr9 443 444 | + 0125| ermeth
29132| 29132 LOC100 0,00 | stronglyHyp
chrl8 288 289 - 652770 0125| ermeth
45327| 45327 0,00 | stronglyHyp
chrl9 486 487 | + 0125| ermeth
37058| 37058 SNOR LOC388 0,00 | stronglyHyp
chr20 856 857 - A71C 796 0135 | ermeth
88607| 88607 0,00 | stronglyHyp
chr4 614 615| + 0141 | ermeth
25636| 25636 0,00 | stronglyHyp
chr7 70 71| - LFNG Y 0141 | ermeth
11272| 11272 SO 0,00 | stronglyHyp
chrl3 3476 | 3477 + X1 Y 0141 | ermeth
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Table H 3. (continued)

CpG | p-

CHOR | STAR ST | PROM | EX | INTR | ISLA | VAL | CLASSICIFI
OM. T END |R. | OTER | ON | ON ND UE CATION

43186| 43186 RIPK 0,000/ stronglyHyper
chr21 311 312 | + RIPK4 4 Y 141 | meth

13130| 13130 0,000/ stronglyHyper
chrl7 69 70| + 141 | meth

25401| 25401 0,000/ stronglyHyper
chrl 235 236 | - 141 | meth

35395| 35395 0,000/ stronglyHyper
chrl 483 484 | - Y 141 | meth

55862| 55862 0,000/ stronglyHyper
chrl 36 37 - 153 | meth

28015| 28015 JAZF 0,000/ stronglyHyper
chr7 856 857 | + 1 153 | meth

20057| 20057 0,000/ stronglyHyper
chrl6 38 39| - 153 | meth
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