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ABSTRACT

USE OF AN INTRONIC POLYADENYLATION SITE IN BREAST
CANCERS

Ko ksal ,@edeakcé
Master of SciengeMolecular Biology and Genetics
SupervisorProf. Dr.A. Elif Erson Bensan

January 20202 pages

Alternative polyadenylation is an important mMRNA processing step in which the

l ength and/ or the sequenclehiosf c3hbaunTgRe oifn nt
may have significant effects on mRNA stability, localization and translational
efficiency. One of the APAypes, called intronic polyadenylation (IPA), occurs on

i ntronic sites rather thammn&GR2&bifeman Recen
genes have a poly(A) site in at least one inttorfact, some introns even may have

more than one poly(A) sit&ince generation of IPA isoforms could potentially have

serious consequences on both protein levels and funti®significanceof intronic

APA and its occurrencés of interest. Herewe describe such an IPA site in a
eukaryotic initiation facto2B-3 (EIF2B3). Using in silico, and in vitro tools, we

studied this IPA site usage in response to estrogen in ER+ breast cancer eells. W
confirmed expression &IF2B3IPA isoform in MCF7, ER+ breast cancer cells, as

well as other breast cancer cell lines and patient samples. We confirmed the usage of
this intronic poly(A) site by 30RACE, cl ¢
the exypression of a protein from this IPA isoform. Overall, we provide confirmatory

data on an issilico prediction of an IPA case in breast cancers. Future experiments

will show the consequence of this IPA event and provide insight into similar IPA

events thaimay happen in cancer cells.



Keywords: Intronic Polyadenylation, EIF2B3, Alternative Polyadenylation, Breast

Cancer
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Oz

BKR KNTRONKK POLKADENKLASYON B¥LGESKN
KANSERL E R KUWNDAKIM

K ksal ,@edeakceée
Yuksek LisansMolekuler Biyoloji ve Genetik
Tez DanREd braAnEif Erson Bensan

Ocak 202092 sayfa

Al ternatif poliadenvehegsspb@an3@U€ERetXkxuhleyie

MRNA i k|l eme mekanekzimakbeéedéare] i BOMIT&®IOd mMRNA
| okasyonu ve trans/| adgmidleibectidicirr Altenhatif | i J i ¢
poliadenilasyort i pl eri nden bi ri olan intronik ©po

intronik poli(A) b° 1 gel eri nde gSem bulglal issenmgehlarirend i r .

y a k | a k@irkn e & %ir intronda pgA) bolgesni n  bul unduj unu, h
i ntronl ar én HA)r d ebn® | g eoKi pio-ler. di Knbhr ong %
poliadenil asyonun czerine yojunl akeél ma s
i zof or ml ar &€ n Bem protéiru ekspaesyénnrel nnem de fonksiyonunu

et kil eyebil ecek potaarnasktyéstnjendesaptoropoziifh s € d ér
(ER+) meme kanseri hiicrelerinde vitro ve in siliko yontemlerleEIF2B3 geninin

intronik poliA) b ° 1 gesi ni n ©° st r¢z ernien eb a-Séd &éndsaull réarntée
intronik izoformun ekspresyonu MCHEZR+ meme kanseri hiicresindej ] er me me
kanser. h¢crelerinde ve Ajaetca, °boueklineériom
b°l gesinin kull anémeé 3daRaA C& | € kkibaddealr &@ma
dest ekl eHmRAB3introoik izoforpunbir protenifadesininol duj u da ort
-ékareéel méxkt ér . S oER2B3gemihirantranik polifA) bolgesinie@ Kk ma d a .
me me kanser. h¢ crialsikko olaraké@ n gUurd dvamuwpe dej é
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doj ruihapbal gul ar da sunul muktur . Kl eride yap
s6z konusu geninintronik poli(A) bdlgesi secilimininh ¢ cr ed e ki sonu-1I| ar
g°sterecek ve kanser hg¢gcrelerindeki buna ben

k avr an matsuétnaac aékktéékr .

Anahtar KelimelerKnt r oni k Pol i adenil asyon, Alternat.i
Meme Kanseri
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CHAPTER 1

INTRODUCTION

1.1. Alternative Polyadenylation
1.1.1.3 -@nd formation of MRNAs

Regulation of the prenRNA maturation process is one of the key factors affecting

gene expression. In eukaryotes, three major processing events are required to have a
mature mRNA which is ready for the translation proce$ese major processing
events encon@ aapmng, splicing d&d polyadenylatigRroudfoot,

Furger, & Dye, 2016)Polyadenylation occurs in two steps in which thepiRRNA

is endonucleolytically cleaved at polyadenylation (poly(A)) site drah tthe long
stretch of adenosine residues namely the
cleaved mMRNA by poly(A) polymerase (PAREIkon, Ugalde, & Agami, 2013

These cleavage and polyadenylation processes are coupled reactions, which are
together al | ed asy | fpdloynadde | n  eemdoding mMRNAs®ase, al |
polyadenylatedexcept forreplicationdependent histone genéSlarzluff, W. F.,

Wagner, E. J., & Dumio, 2008; Proudfoot et al., 2016)

1.1.2.Polyadenylation Mechanism

Polyadenylation i€oordinated by ciglements on the pi@RNA recognized by the
polyadenylation machinery. Cleavage stimulatory factor (CSTF), cleavage and
polyadenylation gecificity factor (CPSF), cleavage factor Im and llm (CFIm and
CFllm), poly(A) polymerase (PAP), Poly(Abinding protein (PABPN1), scaffold
proteinsymplekin and RNA Polymerase IFGerminal Domain (CTD) are the major
factors generating the polyadenylation machir(@tyan, Choi, & Shi, 2011; Tian &
Manley, 2016.



For polyadenylation factors to bind, certain-elements are required. These-cis

elements are present on both upstream and downstretima pblyadenylation site.

Highly conserved A[A/UJUAAA hexamer which is the polyadenylation signal (PAS),

and less highly conserved UGUA and-fith elements are presented as upstream
elements(USE), while some-Wdr GU-rich elements are positioned as dowesin

elements(DSKYian & Manley, 201§ The sequence pattern of USAUAAA -DSE

is highly conserved in the eukaryot@@roudfoot, 2011)The actual cleavage site

presents itself between these upstream and downstream elements and generally, a CA
sequence is found a tProudfoet etall, 20a6)Tlaegeecores i t e 6s 50

sequence elements and the protein factors can be seen in Figure 1.1

Pre-mRNA

Figure 1.1. Sequence elements and the poly(A) machinery

Upstream and downstream sequence elements and poly(A) machinery including CPSF, CSTF, PAP,
PABPN1, CFIm, CFIim, Symplekin and Polteshown in the figuréTian & Manley, 2018.

CPSF complex makes direct contact with the A[A/UJUAAA polyadenylation signal
in a sequencspecific manner through the CPSF30 and WDR33 subunits (Chan et al.,
2014). At the same time, CstF complex recognizes the downstreamdUGU rich



elements. CPSF binding to USE and CstF binding to DSE occurs cooperatively so that
oneds t ar g etes the effidenay gf the aothemaon¢8olgan & Manley,
1997)The other two elements of the machinery, CF Im and CF Iim are required for
the cleavage processhich occurs by the coordinative works of CstFs, CPSFs, and
the PAP.(Zhao & Hyman, 1999After the cleavage event, PAP is needed for the
pol y(A) tail addition, and itsb6 recruitm
interactions of PAP and CPSF together with CHRroudfoot et al., 2016)oly(A)

tail formation is started with the addition of adenosine residues by PAP; however, the
tail length is controlled and stabilized by PABPAB1P) (Amrani et al., 1997). In the

end, tail length reaches up to ~300 residues in mammals (Keller et al., 2000). Lastly,
as mentioned above, RNA Pol Il is also accepted as one of the factors of
polyadenylation machinery since there is a dynamic interplay between the
transcription termination and the poly(A) site recogniti@roudfoot, 2011) To
illustrate, one of the CF IIm complex memfenamely Pcfll is known to be one of

the key factors ensuring the termination ev®viést & Proudfoot2008)
1.1.3.Types of Polyadenylation

RNA transcripts may have multiple poly(A) sitesd their differential usage basically

forms different mRNA isoformgTian & Manley, 201%. This phenomenon is called

the fAalternati ve polhasdodgbeen kreownias a corirdoR A) 0O .
mechanism among all eukaryotes, as a matter of fact, almost 70% of human genes
have multiple APA sitesand around 50% of them have three or more wffesites

(Derti et al., 2012)In the beginning, it was thought that the APA is the major marker
foronyt he 36 UTR ends; however, for decades
on the 306UTRs, but al s e®ukaryotestotidstance, thear t s
introns and coding sequend€&xuo, Spinelli, Liu, Li, & Liang, 2016)

As it can be seen in Figure 1.2here are four different types of alternative
polyadenylation events. The formeroneistredae m 36 UTR APA t hat

common one, which is changing the 36end



proxi mal poly(A) site choice, 30UTR of a tra
lengthening. The second one, alternative terminal é&kA is also called as skipped

terminal exon APA, which occurs when an internal exmearing a poly(A) sitds

selected by splicing me(Cidn&Maneeyn20ifpoThdboe a 30t er
third one is intronic APAwhichoccurs when a poly(A) site is located on an upstream

intron, which is normally spliced out in the other transcrigschosenin this case,

thecoding sequence is extended wttieinclusion of a part of that intronic sequence

duetothe nhi bi t i oeasiteflian, Ran, & dus 2007And the last one is the

internal exon APA, that is also termed as composite terminal exon APA in which the

premature polyadenylatioat an internal coding exon occurs(Elkon, Ugalde, &

Agami, 2013 Tian & Manky, 2016. As mentioned abovéhesplicing process is very

crucial in these different APA eventsnsideringhat splicing and APA are coupled

processegProudfoot et al. 2002)

Proximal poly(A) Distal poly(A)

‘ poly(A)
\)\/-\/l\/l ‘ Tandem 3'UTR APA
Proximal poly(A) Distal poly(A)
[ [ | Alternative terminal
\/—.\—/=é — Alternath
Proximal poly(A) Distal poly(A)
\/—.\—/=:# D E I— Intronic APA
Proximal poly(A) Intron Distal poly(A)
D E | Internal exon APA

D Extended CDS . Common exon = I:I Alternating exons B 3'UTR

Figure 1.2. Types of polyadenylation

These distinct types includes Tandem 36UTR APA, Alte
and Internal Exon APAElkon, Ugalde, & Agami, 201)3



Throughout these different APA events, mMRNA isoformish truncated coding

sequences or altered 36UTR | engths can f
1.1.3.1.Consequences of UTRAPA

As mentioned above, if the APA takes pl a
shortening or | en(giguted.8.iAs @ resaltf of that) stabilty) U T R
localization and translational efficiency of mMRNA could change since those specific
sequences on UTR might be used as docking sites for regulatory el¢Elkatset

al., 2013b) The I ength of the 36UTRs di-rectly
binding proteins (RBPs) and microRNAs (miRNAs), which are the smali2i®

RNAs, altering both the stability and the translational efficiency of their targets (Bartel

D. P., 2009)Therefores hor t eni ng of iBI16sHdf Bselemegihdn r e s u |

which miRNA and RBPs bind, leading to reduced numbers of protein products.

Untranslated Region APA proximal distal
(UTR-APA) cleavage site  cleavage site
| A4 A4 miRNA

sites

':l
—rr—mr
l l I miRNA
sites

Different 3'UTR lengths, with possible
consequences for protein levels
Figure1.3.3 6 U-RRRA

Thisfigure showingthd or mati on of mMRNA i s ofwasadapteflomt h di f f er
(Hardy & Norbury, 2016)



One of the important factors whicre affected by APA is the stability of mRNA.
Generally, i soforms having | ong 3N UTRs woul
short 36UTR since destabilizing el ements wil
| ong 3Wiesih& <t al. (20073howed tlat Cyclin D1 gene has major point

mutations that bring premature poly(A) signals into existence in mantle cell

lymphoma (MCL). In these cells, usage of those premature signals creates Cyclin D1

MRNAs | osing most of their 3BriptdibdRsheir These sh
destabilization elements so that they become more and more stable in contrast to their

wild-type counterparts. Significantly increased Cyclin D1 mRNA levels are thought

to have a major contribution tthe strong proliferative abilities oMCL tumors

(Wiestner et al., 2007)

The 306UTR I ength might aff ectthetstabdity.l ocal i zat
The old lut gold example for the APA events affecting the mRNA localization would

be the two transcripts of braderived neurotrophic factor (BDNF) having distinct

S0UTR |Anet@lt (B098) revealedthdtb s e transcripts with she
are basically retricted tothe cell body on the other hand, transcripts having long

30UTRs are gener al |Indeedl, bhisichahgeiinrthe lodalgzatiahe ndr i t e s .
could be exploited by the cells to achieve localized translation ewemtsh results

in the enrichment of some proteins at distinct locat{@mset al., 2008)

Lastl vy, changes in transl ati onaWihted fi ci ency
help of Transcript Isoforms in Polysomes Sequencing ($el§), Floor ad Doudna

(2016) have found that the lomgRNA isoforms are globally associated with lower

translation rates in comparison to their short counterpavisreover, they
demonstrated that the regulatory regions on
output of translation(Floor & Doudna, 2016)Furthermorethere are many RNA

binding proteinghatdirectly affectthe translation process by preventing the clesed

loop formaton and recruitment of ribosoni8zostak & Gebauer, 2013jor example,

Cho et al (2005) hae shown that translation of caudal (¢adRNA is prevented by

Bicoid (Bcd) proteinwh i ¢ h bi nds t DrosdphildemBryo(Cho etah,d i n



2005) I n this study, it has beeneadséoveal ed
recruitment of d4EHP (elF4Eelated cagbindingp ot ei n) t o bdscap st
bindingt o t h greatty@dueepthe affinity for elF4Gausingnhibition ofclosed

loop structure, and eventually theanslationprocess(Cho et al., 2005)Another

example could be thaterferm- 2 -activated inhibitor of translation (GAIT) complex

bi ndi ng toceruldlascthin RIRNAJausing the translation repression during
inflammation. Here, thelvosomal protein L13awvhich is one of the four subunits of

GAIT complex, associates witlF4AG and prevents its interaction wigiF3leading

to the interference a3S ribosomal complex recruitmerind translation at the end

(Kapasiet al., 2007)

1.1.3.2.Consequences o€R-APA

If the APA event takes place in the coding region, not only the amount but also the
functions of the protein products might be affected. As a result of this process, either
unfunctional or functional but truncated proteins will be introduced irg@tbteome
(Figure 1.4.) Since the consequences of IPA events will cover those eARR
events, the following examplewill be based on the outcomes of intronic

polyadenylation.

Intronic polyadenylation (IPA) once have been thought as a rare mechhowever,

the evidence coming from both cDNA/EST and genomic sequences have thlabw

almost 20% of human genes have a poly(A) site in at least one intron, in fact, some
introns even may have more than one poly(A) €lian et al., 2007) With the
advancements in PASequencing methoddes i gni fi cance of intro

occurrence have been interest(KamieniarzGdula & Proudfoot, 2019)
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Figure 1.4. CR-APA

This figure showing the formation of mRNA isoforms with alternatinte@ninal sequences and
306UTRs, whos (adlya&&Noruty, 2016)

In some cases, the end result of an intronic polyadenylation site usage might be the
formation of transcripts, which are very unstable and prone to rapid degradation
(KamieniarzGdula & Proudfoot, 2019)To illustrate the mammalian CSTF77 gene
(a.k.a CSTF3) is known to have a conserved intronic poly(A) site, and the usage of
this PAS basidly produces truncateda nonfunctional protein that undergoes
degradation (Pan et al., 2006)mlight be considered as a superfluous event; however,
cells might use this route as a feedback mechanism so that when the CSTF77 levels
are high, IPA isnduced in order to work as a negative feedback loop (Luo et al.,

2013).

Intronic polyadenylation would lead to stable transcripts as well as the unstable ones.
Furthermore, the proteins encoded by those stable transcripts might have either altered
functions or localizations as compared to {flelhgth counterparts. One of the most
well-known exampls of IPA event that is changing both the localization and the
function of the protein is the immunoglobulin M (IgM). When the distal poly(A) site



located onhe 3 6UTR of the 1 gM mRoNURd IgMis c hos e
produced; however, if the poly(A) site choice is shifted towards the intronidvsite,

terminal exons of the fubized transcript are not translated so that the transmembrane
domain is lost resuttig with the generation of soluble IgiElkon et al., P13). The

indicated mechanism here is eslpe specific since in mature B cells distal poly(A)

site usage is more prevalent while the IPA of IgM occurs mostly in plasméSialih

et al., 2.8) (Figure 1.5.)

IGHM
PA pA
—Cpl —Cu2 —Cu3—Cpd - S 1 —mM1-M2

Mature B-cel/ wsma cell

Cut Cp2 Cu3 Cu4 M1 M2 Cut Cp2 Cu3 Cu4 S

Full-length isoform IpA isoform

Figure 1.5. Domain differences between fudigth and IpA Isoform ofgM

Cell type specific IpA occurrends shown in the figure. In plasma cells, transmembrane domain is
lost because of IpA, and soluble IgM is produ¢8igh et al., 2018)

What 6s more is that Il PA is certainly a
tyrosine kinases (RTKshaving both anchoring transmembrane and kinase domains

in their full-length isoformg(Vorlova et al., 2011)Here, the usage @ intronic

poly(A) site creates the soluble isoform of RTKs (e.g., EGFR, HER2, VEGF&1d2
PDGFRUbH) which does have neither of-the t\
binding ability. By this means, it might serve as a dommegfative regulator to turn

off asignalling pathway (Lemmon & Schlessinger, 2010).

Another striking examp would be the role of IPA in evoking tumorigenesis in

chronic lymphocytic leukemia (CLL) cells. Studies suggest that IPA in those cells



mostly occurs on the genes having tumour suppressor functions which results with the

formation of truncated proteinsitieer lacking those suppressive functions by

di mi ni shing the functional onesd expression
functions by acting as a dominamegative manner (e.g. CARD11 and MGAge et

al., 2018)

Based on these observationBA events broaden the diversity of not only the

transcriptome but also the proteome.
1.1.4.APA Regulating Mechanisms

There are many factors regulating the APA mechanism and the core polyadenylation
factors are the first thinghatcome to mindThat is, when the expressions of core
polyadenylation factors are either upregulated or downregulated, this might directly
alter the polyadenylation site choice. To illustrate, at the time of B cell maturation,
CSTF64 upregulation may lead to increasedression of whole CSTF complex
which resultan more proximal PAS usaddian & Manley, 2016; Xia et al., 2014)
Another good example might be CFI heterodimehich is composed of CFI25
together with either CFI168 or CFI59. Studies sgjghat those CFl subunits might
promote distal PAS usage, because of the fact that when one of the CFI25 or CFI68
subunits is knockedown, proximal PAS choice is remarkably enhan{@d.iber,
Martin, Keller, & Zavolan, 2012)

Other than the core polyadenylation machinery proteins, many of the remaining RNA

binding proteins (RBPS) also regulate the APA mechanism by either supporting the

core proteins with or preventing them from birglito their target§ErsorBensan,

2016) One of the most studied examples of RBPs is theryniclethal abnormal

visual (ELAV), which is known to be responsible for newspecific suppression of

proximal poly(A) site usageresultimmt he 30 UTR | engt hening in Dro
et al, 2012). On the contrary, cytoplasmic polyadenylation ehbinding protein 1

(CPEBL1) supports the weak proximal poly(A) signal sites with enhanced CPSF
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binding so that the PAS choice shifted toc

shortening.

Transcription process itself could also be accounted asfdhe regulators of APA.
Especially, RNA Polymerase Il (Pol Il) elongation rate have a voice in the PAS choice
owing to the fact that decreased rate of Pol Il elongation would enhance the proximal
poly(A) site usage by making more time for the polyadatiyh machinery (Pinto et

al, 2011).

In addition, signalling pathways affecting both proliferation and differentiation of

cells are also known to regulate APA process. To illustrate, one of the most essential
regulators for cell proliferation, which isammalian target of rapamycin (mMTOR)

pat hway, i s shown to enhance the proxi ma
shortening along the transcriptonf€hang et al., 2015)For instance, a proto
oncogene (ARG2) is shown to undergo 306UTI
MTOR signaling activated by PI3K/AKT pathwafMatoulkova, Sommerova,

Pastorek, Vjtesek, & Hrstka, 2017)Another important proliferative signal, namely,
estrogen receptor signaling pathwenay induce APAOur groupshowed that 17-b

estradiol (E2) induction causes an increase in proximal poly(A) site usage of-a proto
oncogene (CDC6), in ER+ breast cancer ce#sulting with the upregulation of a
shorter 3 06(@8kmRn, Can, & ErsorBansan, 2012)

In addition tothe important regulators mentioned above, splicing factors are known to
have regulatory roles in PAS choice. One of the fundamental elements of the
spliceosome, U1 small nuclear ribonugleadicle (U1 snRNP), that is responsible for

t he recogni t i onayhasefa crifical roepnlthe ARA regulatian. Ul
snRNP might be responsible fihierepression of proximal PAS usage due to the fact
that when the Ul snRNP is inhibited, usaggroximal and especially the intronic
poly(A) sites are significantly enhanced (Berg et al., 2012). Therefore, U1 snRNP
sequesteringould be animportant regulator for intronic PAShoiceswhich is

illustrated inFigure 1.6.
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Figure 1.6. Sequestering of intronic poly(A) site by the U1 snRNP

U1 snRNP playing an essential role in repression of intronic pol(Ajssteown above. Inhibition of
U1 snRNPresults with active intronic PA@esterro, BakGordon, & CarmeFonseca, 2019)

Lastly, there is a dynamic interplay between splicing and polyadenylatidrthis is

more understandable when the intronic polyadenylation cases are considered.

According toliterature o ccurrence of I PA in | arge intron
is more common than the other sites, since more time is needed to splice those large

introns ouf and polyadenylation machinery would have more time than the
spliceosoméras(Tian & Manley, 2016; Tian et al., 20Q7)herefore, together with

the factors mentioned above, the size of the

sites could also be accounted as the regulators of IPA.

Use of intronic poly(A) sites in cancer cells is just beginning to be understood.
Generation of IPA isoforms could potentially alter the efficiency of translation and/or
function of the normal isoform in a dominant negative manfi&mmon &
Schlessinger, 2010 herefore discovery of such isoforms could have interesting
implications. Inthis thesis, we descrilztivation ofsuch an IPA sitéor theEIF2B3

MRNA that is important in ribosome a&ssbly.
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1.2.Eukaryotic Initiation Factors

Eukaryotic initiation factors (elF6) support ribsomal assembly processSix
differentelFsare known to participate thetranslation initiation process. Excdpt
the last factor, elF6, all of these initiation factors are raulbunit complexes whose
expression alterations may resalbncogenic ativity (Ali, Ur Rahman, Jia, & Jiang,
2017)

1.2.1.Role of Eukaryotic Initiation Factors in Translation Initiation

The tanslation initiation process has three major steppéch include the formation

of 43S preinitiation complex, then 48S piaitiation complex and lastly the 80S
ribosome. All the way through these stepyteinfactors play vital roles. The first
initiation factor starting the sequence of events is elA#ich forms the ternary
complex by binding through MéRNA; and work as a GTPase. Only when Met
tRNA;-elF2-GTP ternary complex is formed, MBRNA; could be delivered to 40S
ribosomal subunit, and binding dhe ternary complex to ribosomal subunit is
promoted by elF1, elFLAand elF3(Klann & Dever, 2004; Pavitt, 2005By the
participation of those three factors and elF5, 43Simptiation complex is formed
(Asano, 2000)For mRNA to be associated with this jnéiation complex, elF4F
which is composed of elF4E, elF4&d elA should be bound to f@ cap structure

of mMRNA @ichtes & Somenlsbrg, 20059NRNA bindsto 43S prenitiation
complex and forms 48S pieitiation complex. Through the scanning of mRNA,
AUG codon is found and recognized by MBNA; at P site, which leads to the
hydrolysis of GTP on elF2 by the catalysis of elF5, that is a GTPase activating protein
(GAP). This hydrolysis causes eH&DP and other initiation factors to be released
from the ribosome. Discharge of the factors make 40S ribosomal subunit be able to
join with 60S subunit by the help of elF5B and elF1A, forming the 80S ribosome
ready for the elongatiofPavitt, 2005) A simplified illustration could be seeim

Figure 17.
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Figure 1.7. Translationlnitiation Pathway

Overview of the translation initiatiomeginning from the 40S ribosomal subunit, gaihgthrough
the formation of 80S ribosonie shown abovéKlann & Dever, 2004)

1.2.2.The Role of elF2B in Translation Initiation

elFX 1) is aheterotrimeridGTPaseahatforms the ternary complex with M&RNA;

when it is in GTP bound state. When the GTP is hydrolysed by elF5, inactive elF2
GDP is dissociated from the ribosome. Interaction between the Methionine and elF2
is basically disrupted wan GDP is bound to elF2, even if the tRNA interaction would
be intact(Kapp & Lorsch, 2004)Therefore, in its inactive GDP bound state, elF2
cannot go through the new rounds of translation initiation unless there is a switch from
GTP to GDP(MohammadQureshi, Jennings, & Pavitt, 2008t this very moment

that elF2B comes into the scene by its guanine nucleotide exchasige (GEF)
activity. elF2B acts to restablish the active form of elF2 by exchanging GDP for

14



GTP, which is a tightly controlled, ratiémiting step that could be accepted as a key
point for regulation of translation, and eventuallghe protein expressi
(MohammaeQureshi et al., 2008)The illustration showthe rel@gionship between

elF2B and the ternary complékigure 18).

o elF2
o ternary

% GDP TP complex
0 elF2 Go Go —_— /— |4Lc
z 99 . @
elF2 @ elF2
GTP GDP <

Tl alulclslulclula sl ol

m [ féf

Figure 1.8. The relationship between elF2B and the ternary complex formation.

GEF activity of elF2B provides the exchange of GDP on elF2 for GTP, providing the formation of
ternary complex leading to translation initiation and eventually, the elongation.

1.2.3.Structure of elF2B

Eukaryotic initiation factor 2B (elF2B) is composedigé noni dent i cal subun
& )which together fornD600 kDa decameric protein that has a much more complex

and large structure in comparison with the other Guamirdeotideexchange factors

(Bogorad, Lin, & Marintchev, 2017)This large protein complex has two catalytic
subcompl exes composed gfancardgiaBr hexamdrice | F 2 E
subcomplex having el F2BU, el F2Bb, and e
(elF2Beg). These catalytic subcomplexes assemble to both sides of the regulatory
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subcomplex, which is placed right at the eerdand togetherthey form a large
decameric elF2B comple¥innebusch & Yang, 199@ashiwagi et al., 2016)

As the name implies, the regulatory subcomplex has a major ritie iegulation of

el F2B function since el F2U pipGDPphasar yl ati on
higher affinity for elF2Bg and when the phosphorylated version of elF2 binds to the

regul atory compl ex, it basically |l ocks el F2I
i nduced by different types of c@Phct stress an
as a competitive inhibitorof elF2B(Bogorad, Lin, & Marintchev, 2018phe other

part of the complexthe catalytic subunit s composed of tWo di mers
From these subunits, el F2 B4l atlitaGtermanalmai n cat a
domain on which the GTP exchange occurs. Some studies suggest that GEF activity

would be catalysed even if the only subunit preseni s ie \litB; h@véver, the
efficiency wild./ be very [(GomezWbharhmad, & t he pr es
Pavitt, 2002)On the other hanordiyenko etal. (2014 howed t hat o2 and U s
together function to exchange GDP f&GTP. Moreover, they suggest that the
pyrophosphorylase i ke (PL) domain of 92 subunit is the
binding, while the lefhanded khelix (LbH) domain of the same subunit mostly

providesthe regulatory complex with binding the caalytic core(Gordiyenko et al.,

2014).

Al'l of these-U3ubarviets ¢étB2BUole in the forn
complex and its functioning. In fact, mutations in any one of the genes encoding these

five subunits mightresult in pathologies includindeukoencephalopathyvhich is

called vanishing white matter disea@®ugiani, Boor, Powers, Scheper, & Knaap,

2010)
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1.3. Aim of Study

Intronic polyadenylation of mMRNAs is a critical mechanism that might significantly
affect both protein expression and function. Even though the evidence of intronic
polyadenylation ishown in immune cells and leukaemias, it is not clear whether such
APA events are seen in breast cancklexe, we tried to understand whether estradiol
(E2), which is a robust proliferative signal in breast cells, induces intronic
polyadenylation in ER+ breast cancer cells and the potential effecich anlPA

event
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CHAPTER 2

MATERIALS AND METHOD S

2.1.Databases

UCSC Genome Browsem Human Feb. 2009 (GRCh37/hg19) Assembly was used
in order to find the location of the exons and introns on which the poly(A)sites are

placed. Databasis available abttps://genome.ucsc.edu/

PolyA DB 2source was used fdinding thepreviously identifiedpoly(A) siteson
the mRNAs. Web source is availablehép://exon.umdnj.edu/polya_db/v2/

GTEXx Portal(Analysis Release \J8vas used to get the gene expressions of different
isoforms on various normal tissu@bGaP Accession phs000424.v8.p2)

2.2.RNA-Seq Datasets

Gene Expression Omnibus (GEO) is a datalsas¢aining both array and sequence
based data, was used in order to get Hr@usRNA-sequencinglatasetsised in this

study The following datasstwere analyzed in this thesis:

GSE11324s theRNA-sequencinglataset forl00 nME2 treated MCF7 sampled
different timepoints(0, 3, 6 and 12 hours)rhis dataset was used in the APADetect

analysis.

GSE75688s thescRNAsequencinglataset foprimary breast canceThe dataset
includes 515 samples from total of 11 patients having distinct subtypes bifehst

cancer.
2.3.Probe Screening on Affymetrix

Net Aff xE Analysis Center has been used f
array, Human Genome U133 Plus 2.0 Array has been selected and the resulted 54,675
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probe sets were filtered by the gene name. The current genomic location of the probe
set belogs to EIF2B3 gene (probe set ID: 218488 _atps visualized on UCSC
Genome Browser in order to comprehend the probe positions compared to different

polyA site locations.
2.4. APADetect and SAM

APADetect tool is a probbased analysis tool which was develope@inf. Dr. Tolga

Can. This tooluses available probe sets for each gene on HGU133A (GPL96) and
HGU133PIlus2(GPL570) platforms and analyzes the mean signal intensities of both
proximal and distal probes according to location of the poly(A) site. To do this,
Poly(A) site locations are obtained from PolyA_DB2, and total of 11 probes are
divided as proximal and distal accordingthmsepoly(A) site locatios. The mean
signal intensities of proximal probes divided by those of distal probes gives the
short/long (&R) ratio.

The dataset with an accession number of GSE11324, was used in APADetect analysis.
The output of the APADetect was loaded into Multiple Experiment Viewer (MeV)
software for thestatisticalanalysisOne of the statistical analysis teai the sdtware,
Significance Amlysis of Microarrays (SAMyvas used for the analysis, since it was a
statistical method for microarrays in particular. SAM detected statistically significant
genesby using ttestsfor each geneSample/control SLR values were ungieme log
normalization. Resulting significant genes were categorized as positive and negative

significance showing shortening and lengthening, respectively.
2.5. Analysis of RNA-Sequencing Datasets

All RNA-Sequencing analyses were performed on The Cancer Genomics Cloud
(CGC), powered by Seven Bridges Genomics (available at

https://cgc.sbgenomics.comFirstly, from the Gene Expression Omnibus database,

Seqience Read Archive$SRA) accession number belonging to that specific sample
was gathered following the NCEBRA links. Then, these SRA accession numbers

were given as inputs for SRA Toolkit fasigmp app on CGGf the sample is paired,
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from the app sdttn g s , ARe acdelactdds ® fMmMusted,e and ASpIl |
be selecteda s Asplit _fileso. Ot h e rselecedas bot h
Ano_paired_ endosamdeyilesthavin@RA fotmativese canpeped

into FASTQ format in the endNext, FASTQ files were loaded as input files Taim

Galoreapp. This app was used for adapter trimming from the sequencing files. Results

of Trim Galore tool could be presented &
reads f i lva d.fgh afvitemsign weigxe presented RINA-seq alignment

STAR 254b tool as input files. As a reference genome,

fihuman_glk v37_decoy.phiX1@4 wa s selected. For t he C
fiHomo_sapiens.GRCh37.75atf f i | e was selected from t
lastly, from the app settings section, out

aligned readshaving bam extension were loaded oifiwe Integrative Genomics

Viewer (IGV) for visualizationIGV is available ahttps://igv.org/
2.6.Cell Lines and Cell Culture

MCF7 (Michigan Cancer Foundatiaf) cells wereculteredin Dulbecco's Modified
Eagle's Mediumcontaining High Glucose(4500 mg/L Glucosg 1 mM sodium
pyruvate, 1.5 g/L sodium bicarbonate, 2 mM-dlutamine, 1 % penicillin
streptomycin and lasthy,0 % Fetal Bovine Serum (FB3AIl of the supplements for

the cell culture were obtained from Biowest (Riverside, USA). For elimination of
mycoplasma contamination, cells were treated with Plasmocin (Invitrogen, &#&T#
mmp). Cells wereulturedas monolayers and incubated in CO2 incubators having 5%
CO2 and 95% humidified air, and arrangesptimum temperature 7  FdC the
long-term storage of the cellgell pellets were taken when theptgo 7080%
confluerty, and they were resuspended in MCF7 medium with 5% DMSO (dimethyl
sulfoxide) (Sigma, Cat# 154938)hen, the ells are preserved in cryoviatsa liquid

nitrogen.
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2.7.E2 Treatment

For the E2 treatment, MCF7 cells were grown up t&8% confluency in 375 cell
culture flasks. Next, the cells were washed with PBS to eliminate the growth medium
completely. Then, the cells were grown in starvation medipher{ol redfree)
including10%dextran coatedharcoal stripped FBS, 1% P/S and 19lutaminefor

72 hous. After 72 hours of starvatioMCF7 cells were treated with 100 ndél1 7- b
Estradiol (Sigma&Aldrich, CAT#E2257% and 100 nMbf Ethanolasvehicle control for

12 hoursAt the end of 12 hours of treatment, cell pellets were gathered and used for
the RNA Bbolation. The success of the treatment was checked by looking at the TFF1

expression differences between E2 and EtOH samples.
2.8.Actinomycin D Treatment

For the Actinomycin D treatment, MCF7 cells were grown up t&@% confluency
in 6-well cell culture plates Next, the cells were treated with eithereg/mL
Actinomycin D (Tocris Bioscience, CAT#1229) or DMSO as a vehicle control for 0,2,

and 12 hours. This treatment was performed b
2.9.RNA Isolation and DNase Treatment

For total RNA isolations from the cells, High Pure RNA Isolation Kit (Roche,
CAT#1182866500Lwas used.Next, overnight DNase treatment of isolated RNAs

were done by using DNase | Recombinant Enzyme (Thermo Fisher Scientific,
CAT#ENO0521) and by following thenanuf act ur er 6 s instructions
treatment, DNA contamination was checked by PCR using GAPDH primers whose

sequence is given in Table 2After checking the contaminatioRNA concentrations

were measured bBioDrop Duo (Isogen Life Sciencegesides the concentrations,

sample purities were also checked by the same d\26€/A280 ratic between 1.8

and 2.0and A260/A230 ratisaround2.0were accepted as pure sample
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Table2.1. List of grimers used in the experiments

Primer Name Pri mer Sequence (5 0]|Experiment
that is used
GAPDH_F GGGAGCCAAAAGGGTCATCA PCR
GAPDH_R TTTCTAGACGGCAGGTCAGGT PCR
TFF1_F CCATGGAGAACAAGGTGATCTGC PCR
TFF1_R GTCAATCTGTGTTGTGAGCCGAG PCR
TFF1_F TTGTGGTTTTCCTGGTGTCA RT-gPCR
TFF1_R CCGAGCTCTGGGACTAATCA RT-gPCR
RPLPO_F GGAGAAACTGCTGCCTCATA RT-gPCR
RPLPO_R GGAAAAAGGAGGTCTTCTCG RT-gPCR
EIF2B3 Long_F GTGATCGAGAAGGGTGCAGAC RT-gPCR
EIF2B3 Long_R GTCATTCCCCACGATCACCTC RT-gPCR
EIF2B33 6 R ARLE GTCCATTCGTCAGCCCAGAT 36 RACE
EIF2B33 6 R AR2E GTCAGCCCAGATTGTCAGCA 36 RACE
EIF2B3 intronc_F GGCCAGAGACACAGATTGGA RT-gPCR
EIF2B3 intronc_R ACAGGGGGAAACATACCCTTC RT-gPCR
EIF2B3 pMIR ACGCGTGTTCTGAGCAAGTCAGACTC | pMIR
36UTR_Hs. 53|C Cloning
EIF2B3pMIR AAGCTTTTGCTCCAGATGATCTTTACC | pMIR
30UTR_Hs . 53| ACAT Cloning
EIF2B3 pMIR ACGCGTGTTCTGAGCAAGTCAGACTC | pMIR
B360UTR_Hs . 53|CTT Cloning
EIF2B3 pMIR AAGCTTACTGTGTACACCTGGAGCCC | pMIR
B360UTR_Hs . 53 Cloning
EIF2B3 pMIR AAGCTTGCCTTTGGAAGCCCTTCTTT | pMIR
30UTR_Hs.%6R Cloning
EIF2B3 pMIR ACGCGTTGGAAAAATGCCTTCAAAAT | pMIR
B360UTR_Hs. 53]|TC Cloning
F
EIF2B3 pMIR AAGCTTTTTTGATATCTGAAAATGTTT | pMIR
36UTR_Hs . 53| TTATTC Cloning
R
EIF2B3 coding HA_F CGCATTCTAGAAAAATGTACCCATAC | pCDNA
GATGTTCCAGATTACGCTGAATTTCAA | Cloning
GCAGTAGTGATG
EIF2B3 full coding_R CGCATAAGCTTTCAGATCTCCATGAGC| pCDNA
TGGTC Cloning
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EIF2B3 coding HA CGCATTCTAGAAAAATGTACCCATAC | pCDNA

Forward GATGTTCCAGATTACGCTGAATTTCAA | Cloning
GCAGTAGTGATG

EIF2B3 coding Forward | CGCATTCTAGAAAAATGGAATTTCAA | pCDNA
GCAGTAGTGATG Cloning

EIF2B3 coding intronic | CGCATAAGCTTTTAAGCGTAATCTGGA | pCDNA

HA Reverse ACATCGTATGGGTATCTTTGCCTCAAG | Cloning
TGGGT

EIF2B3 coding intronic | CGCATAAGCTTTTATCTTTGCCTCAAG | pCDNA

Reverse TGGGT Cloning

EIF2B3 full coding HA | CGCATAAGCTTTCAAGCGTAATCTGG | pCDNA

Reverse AACATCGTATGGGTAGATCTCCATGA | Cloning
GCTGGTC

EIF2B3 full coding CGCATAAGCTTTCAGATCTCCATGAGC| pCDNA

Reverse TGGTC Cloning

RACE_OligodT GACCACGCGTATCGATGTCGACTTTTT|3 06 RACE
TTTTTTTTTTTV

RACE_Anchor_R GACCACGCGTATCGATGTCGAC 36 RACE

T7 TAATACGACTCACTATAGGG Sequencing

BGH\pCDNA3.1 R TAGAAGGCACAGTCGAGG Sequencing

pMIR Sequencing_F AGGCGATTAAGTTGGGTA Sequencing

pMIR Sequencing_ R GGAAAGTCCAAATTGCTC Sequencing

EIF2B3 sequencing_F | CAGACTTGGATGAAGAGCTGGT Sequencing

2.10.cDNA Synthesis

For the synthesis of cDNARevertAid First Strand cDNA Synthedigt (Thermo

Fisher Scientific, CAT# EP044%)as used. The kit recommendations for the amounts

of the components were shown in Tabl2 2.
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Table2.2. Amounts of components for the synthesis of cDNAs

Components Amounts
RNA 1ug
Oligo(dT) primer (100 uM) 1luL
Nucleasefree water up to 12 pl

*5 minutes of incubation at 70 °C, afterief spirdown.
*Incubate on ice for 1 min.

5X Reaction Buffer m
(250 mM TrisHCI (pH 8.3), 250 mM KCl,

20 mM MgCI2, 50 mM DTT)

dNTP Mix (10 mM) 2 pl
RiboLock RNase Inhibitor (20 U/pL) 1u
RevertAid Reverse Transcriptase 1l
(200 U/pL)

*60 minutes of incubation at 42°C, then the reaction is stopped by heating up to 70

5 minutes.

The success of cDNA synthesis was validated by PCR using GAPDH primers. The

resulting cDNAs were further used in RPCR experiments.
2.11.RT-qPCR

RealTime Quantitative PCR (R'GPCR) experiments were performed by udingr

RAD CFX-Connect detection systerkor the reactionsBioRAD SYBR Green
Supermix (CAT#175270)including both reverse transcriptase and {start DNA
Polymeraseavas usedAs primers0.4-0 . 5 ofdokvard and reverse primeitsat are
shown in Table 2.1 were used together \8ith &f cONAs. When the reactions were
completed,Ct valueswere calculated by using relative standard curves. For each
reaction, normalizations were made by usirgg@t values coming from the reference
housekeeping genes like RPLPOhen, all these Ct values were used to calculate
g p Cfgld changdLivak & Schmittgen, 2001)
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Moreover, for each RHPCR experiment, melt peaks were checked to see if there was
any nonspecific product, and everything was done by folloWiQE Guidelines
(Bustin et al., 2009)

EIF2B3 intronic transcripts were amplified with EIF2B3 intronic_F 50
GGCCAGAGACACAGATTGGA3 6 R: - ACAGGGGGAAACATACCCTTC-3 0
(product size:143 bp, annealing temperatur®: 9 . )sapdEIF2B3 Long F: - 50
GTGATCGAGAAGGGTGCAGAG3 6 R: - B®DCATTCCCCACGATCACCTC -3 0
(product size102bp, annealing temperatu@:4 ¢ C

RPLPO was ampl i fi edGAAGAAAGTGCTGCCREATA300 ,F : 56
RPLPO _-BGAABAAGGAGGTCTTCTCG3 6 (product si ze: 191 by

temperature: 60eC).

For checking the success of E2 treatment, TFF1 expressenescoalculatedTFF1

was amplified by TIGSGGTYPITCCTETGTEA-3 65 6a n d

TFF1_ RKRCGAGOGTCTGGGACTAATCA-306 (product size: 209 bp
temperature: 56eC).

2123 6 RACE

RACE specific cDNA were synthesized bysing RevertAid First Strand cDNA

SynthesiKit (Thermo Fisher Scientific, CAT# EPO444djth5¢ g t ot all RNA ( DNas:«
treated) fronboth starved anB2/EtOH treated MCF7 cellsandthe oligo dFanchor

pri meGACGAEBGCGTATCGATGTCGACTTTTTTTTTTTTTITTTV3 6 Jar

the nested PCRs, reverse primer specific for the anchor sequence was used

( Anc h o rGARCACEGTATCGATGTCGAGS3 0 ) For the first round of

30 RACEL forward primer was used E(I F2 B3 30RACE_F1 50
GTCCATTCGTCAGCCCAGAT3 Ytogether with the reverse anchor printethe

following conditions 95°C for 3 minutes,34 cycles of $°C for 30 second$8°C for

30 seconds, 7Z for 30 secondExpectepr oduct si zes for the first

weregiven in Table 2.3.
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Table23.Expected product sizes for the first

PolyA Site ID Expected Product Size
Hs.533549.1.2 593bp
Hs.533549.1.3 553bp
Hs.533549.1.4 491bp
Hs.533549.1.10 369bp
Hs.533549.1.14 188bp

For the second round, Forward 2 (F2) primdis| F2 B 3 FaBACE
GTCAGCCCAGATTGTCAGCA3 6) together with the anch
used. As a template, 1/ 20 diluted PCR pr
Touchdown PCR was performadth thefollowing conditions 95°C for 3 minutes,1

cycles of &°C for 30 seconds, 64°C for 30 seconds, 72°C for 30 secPugsles of

95°C for 30 seconds26C for 30 seconds, 72°C for 30 secormisd 29 cycles of 95°C

for 30 seconds, 60°C for 30 seconds, 72°C for 30 seconds, and lastly 72°C for 5
minutes Expected product sizes fortekecond o und o f erdgivéhAnTable w

2 4. After the completion of PCRs, products were loaded onto 1.5% agarose gel and

then the desired bands were extracted from théyeakingZymoclean“ Gel DNA

Recovery Kit (CAT#®4008. The purity and the concentration of the DNA samples

were measured b§ioDrop Duo (Isogen Life Science)

Table2.4. Expected product sizes fortekecond ound of 36 RACE

PolyA Site ID Expected Product Size
Hs.533549.1.2 585bp
Hs.533549.1.3 545bp
Hs.533549.1.4 483bp
Hs.533549.1.10 361bp
Hs.533549.1.14 180bp
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213.Cl oning of 30RACE-TYectorsluct s to pGEM

Two of the 306RACE products showing the usa
Hs.533549.1.4poly(A) site were extracted from the agarose gel by using DNA

recovery kit mentioned above. Aftareasuringhe concentratiasof corresponding

30RACE product s, t hes e50 pgrpGEMBT Easy Veotor e i nser t
(Promega, CAT# A136(nd igated byT4 DNA ligase(Promega, CAT# A136(3t

4 e C f d&ortheli§atian, the following calculations were made:

Insertamount(ng)= @

D

(0]
(¢)]
-+
+

Vol ume of }

A~
ap
-

Next, ligated vector was transformed igeoli cells and colony PCR was performed

by taking single colonies from the bacteria
product was confirmed by colony PCR using intronicdPICR primers. On the other

hand, presence dfis.533549.1.8 6 R AGSEMT product wasconfirmed by the

colony PCR using F2 and reverse anchor primers. One of the positive colonies from

each case was selected and isolated plasmids were sent for sequencing. Sequencing

result was shown iRigure3.13, and Figure 3.14

214Cl oni ng of 3 bt VIR -Repant Luzifenase Vectors

For the c¢cloning of 30UTR isofor ms, speci fi
digestion cut sites were designed t8.533549.1.2Hs.533549.13, Hs.533549.4,

and Hs.533549.110 poly(A) sites.Mlul (Forward) and Hindlll (Reverse) cut sites

were incorported into specific primers which were shown in Figure 2.1. Firstly, PCR

reactions having 5€ kolume in total were performed with each specific primer pairs

using MCF7 cDNA as a template. Then, these PCR products were loaded into agarose

gel anddesiredproducts were extracted from the gel. By using the formula in above

section, PCR products were ligated into pGEMectors. Next, ligation products

were transformed into bacteria cells and colony PCR was performed for the resulting
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colonies. The selectedgitive colonies were taken for plasmid isolation and these
plasmids were double digested by using Mlul and Hindlll enzymes at 37°C, for 3
hours. Later, both digested products and the empty piREPort Luciferaseectors

were loaded onto agarose gel aneldigested parts were extracted from the gel by the
gel recovery kit. Then, digested products were ligated into digested pMIR empty
vectors by T4 DNA Ligase enzyme and by using the same equation shown above.
After the ligation, ligated vectors were transfied into bacteria cells and verified by
colony PCR. Plasmid isolation was performed for one of the positive colonies in each

case, and the plasmids were send for sequencing to confirm the presence of the inserts.
2.15.Dual-Luciferase Assay

After the confirmati on opMR-RéptiLiRiferaseof or m
vectors by sequencing result8|CF7 cells were caransfectedwith phRL-TK

(Renilla Luciferase) (125 ng@ndpMIR-ReportLuciferase (Firefly)(375 ng)in 24

well cell cultureplatesby usingTurbofect Transfection Reagemkfter 24 rours of
transfectonc el | s wer e | ysed and rDaahLudfesaset®ur er 0 s
Reporter Assay System (Prome@aRAT#E1910 were followed. Luciferase activities

were measured by usingodulus Microplate Luminometer (Turner Biosystems)

After gdting the measurements, luciferase activity Bifefly luciferase was

normalized to those dRenilla luciferase

2.16.Transfections

All transfections were performed by usimgrbofect Transfection Reagent (Thermo

Fisher Scientific, CAT#R0531fpllowing the mam f act ur er s 1 nstruc
transfection of the cells with pCDNA vectors, MCF7 cells were grown up-8050

confluency in éwell cell culture plates.&y/mL plasmids were mixed with 200 of

serumfree DMEM and 4L of transfection reagent. Mixtureas incubated for 30

minutes, and added onto each wells drop by drop. Next, the cells were incubated at
37°C for 24 hours at C{ncubator.
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2.17.Cloning of Coding Sequences into pPCDNA.1 () Vectors

For the cloning of coding sequences of both full and intraranscripts, specific
primers having restriction enzyme digestion cut site andseduence tags were
designed.Xbal enzyme cut site was incorporated into forward primers, while the
Hindlll cut site was incorporated into reverse primers. Moreover, prinerg
designed to have HAequence on eithertérminus or Germinus of both transcripts
(Table 2.1.). Al cloning steps were same w
PMIR vectors, besides the initial PCR reaction which had the Phusion Polymerase
enzyme (Thermo Fisher Scientific, CATE5309 instead of Taq PolymeraéEhermo

Fisher Scientific, CAT# EP0401). Since Phusion Polymerase does notAadd
nucleotides at the end of the PCR products as Taq Polymerase do, an additional
tailing procedure wasgsformed for insertion of PCR products into pGHMectors.

-A tailing was performed by using 10 mM dATP and the nucleotides were added by
Taq Polymerase. Resultingh tailed PCR products were inserted into pGHEM
vectors by the same calculation above. Mh#he vectors with insertion were
transformed into bacteria and verified by colony PCR. Positive colonies were selected
for plasmid isolation. Then,-)emptgvectotshe pl as mi
were double digested with Xbal and Hindlll enzyme8&C for 3 hours. Next, the
digestion products were loaded into 1% agarose gel and the desired products were
extracted from the gel. Later, digested plasmids were ligated into double digested
PCDNA vectors by T4 DNA Ligase enzyme at 16°C for overnigltiterAligation,

ligation products were transformed into bacteria cells and ligation is validated by
colony PCR using vector specific T7 and BgH reverse primers. One of the positive
colonies for each case was selected and isolated plasmids of those coéwaissnt

for sequencing to confirm the insertion.
2.18.Protein Isolation

Total proteins of the transfected MCF7 cells were isolated by usiAgEN
Mammalian Protein Extraction Reagent (Thermo Fisher Scientific, CAT# 78501).
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10X phosSTOP (Roche, CAT# 04906882 ) and 25X proteasehibitor (Pl)(Roche,

CAT# 1187350001) werenixed with M-PER. Then, the isolation procedure was
performed by foll owi ng t h erotemaconoeht@atonsur er 6
were measuredly using Pierce BCA Protein Assay Kit lf@rmoFisher Scientifi¢

CAT# 23227) accor diinstguctian®e manuf acturer 6s

2.19.Western Blotting

50 ¢ tgtal préteinsvere denaturetdy using6X Laemmli buffer at 100C for 5
minutes. Then, the denatured proteins were run on 12% seperating and 5% stacking
polyacrylamide gel and transferred RYDF Western Blotting Membrane (Roche,
CAT# 03010040001hy using wetransfer system at 100V for 75 minutes. Next, the
membranes were bloell with 5% norfat milk in 0.1% TBST (Tris Buffer Saline
Tween) for 1 hour at room temperature with continious shakiatgr, the membrane
was incubated with 1:2000 ARHA tag primary antibody (Abcam, CATab9110 for
overnight at 4°CAfter overnightincubation, themnembrane was washed with THS

for 10 minutes3 times Washing steps were followed by 1:2000 secondary goat anti
rabbit HRP antibody (Advansta, CARt05072500) for 1 hour at room temperature.
After incubation with secondary antibody, tmembrane was washed with TBSor

10 minutes 3 times. For the visualizatiodyesternBright ECLkit (Advansta, CAT#
K-12045D50) was used. As a loading contralCTB protein levels were measured.
For the blocking3% BSA in 1% TBST was used and it waslfowed by 1:2000
primary ACTB antibody (Sant@€ruz BiotechnologyCAT# sc¢47778) incubation for
overnight. Then, thmmembrane was washed with THSor 10 minutes3 timesNext,

the membrane was incubated with 1:2000 secondaryramise antibody (Santaruz
Biotechnology at room temperature for 1 hour. After 3 times washing, the blots were
visualized. As a second loading control, GAPDH protein expression was checked.
For the blocking, 5% Skim Milk in 1% TB$ was used and it was followed by2000
GAPDH Antibody (Sant&ruz Biotechnology,CAT # sc25778) incubation for
overnight at +4°C. As a secondary antibot)2000antirabbit antibody Advansta,
CAT# R-05072500) was used
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CHAPTER 3

RESULTS AND DISCUSSION

3.1.EIF2B3 and Probe Level Screen

Estradiol (E2has long been known to laaobust proliferative signal in breast cancer
cells(Prall, Rogan, & Sutherland, 1998)o understand whether E2 induces APA in
ER+ breast cancers, amsilico approach wasised. APA regulated transcripts were
identified by APADetect Java program, which was developed by Prof. Dr. Tolga Can
(Department of Computer Engineering, METU, Turkey) (Akman et al.,2012). By
using APADetect on publicly available microarray datasetsatlbns of probe levels

between the proximal and distal poly(A) sites were identified.

In this study, we have used expression profiling dataset of 100 nM E2 treated MCF7
samples at different time points (0, 3, 6, and 12 hours), which is available at Gene
Expression Omnibus (GEO) database with the accession numB&t&if1324. The
average intensities of proximal and distal probes in E2 treated samples at different
time points were compared with that of control (zero timepoint) to understand the
differencesdetween the proximal/distal ratios at different time points.

For testing the statistically significant genes undergoing APA events, Significance
Analysis of Microarrays (SAM) was used. When the fold changes representing the
proximal/distal ratios of thee significant genes were analysed, one gene caught our
attention as a common APA candidaiE2B3 gene having a fold change < 0.6 at

two different time points, 6hr and 12hr, which are shown at Table 3.1 and Table 3.2.
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Table3.1. APA candidates found by the comparison of control&hdurs of 100 nM Estrogen

treated MCF7 Cells by SAM.

Gene Name Probeset ID PolyA Site ID Fold Change
(unlogged)
TCF3 213730_x_at Hs.371282.1.10 0.5437103
EIF2B3 218488 at Hs.533549.1.10 0.56412125

Table3.2. APA candidates found by the comparison of control, Ehidours of 100 nM Estrogen

treated MCF7 Cells by SAM.

Gene Name Probeset ID PolyA Site ID Fold Change
(unlogged)
TCF3 213730_x_at Hs.371282.1.10 0.5551587
UBE2D3 200669_s_at Hs.518773.1.8 0.64215034
EIF2B3 218488 at Hs.533549.1.10 0.5900842
EIF2B3 218488 _at Hs.533549.1.14 0.4826824
RB1 211540 _s_at Hs.408528.1.2 0.6509687
SCARB2 201647_s_at Hs.349656.1.10 0.5344845
SCARB2 201647_s_at Hs.349656.1.9 0.57973385
MKI67 212022_s_at Hs.80976.1.16 0.7645466

Among these APA events, we focused BIF2B3 as a regulator of ribosome
assembly, a process which may be regulated in response(@oEl2rane & Deeley,
1984)

EIF2B3 has five poly(A) sites. Three Poly(A) sitd4s.371282.1.2, Hs.371282.1.3,
and Hs.371282.1.4r e t he 30UTR,
(Hs.371282.1.14ndHs.371282.1.10are located at theé"®xon, and at an intronic
site between the@and 18" exons (PolyA db2), respectively.

found wi t hin
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In our in-silico analysis, theHs.371282.1.1(Qpoly(A) site was of interest due to
increasedlistal probe mean intensities compared to those of proximal ones in the

presence of Estrogen.

Relative distributions of 1Affymetrix probes are shown in Figure 3.1. Eight of the
probes were mapped to the proximal part of the transcript marked by the intronic
poly(A) site Hs.533549.1.10Wwhile 3 of them were mapped distal to the poly(A) site.

11 10 98 7 |6 5 4 3 21
| TH—H] ! 1 H—=
I 215488123

I 218485 at:2

218488 at:s
[] 553354902

[lrs.s3ssa003 T (e
[l s sa3sav.04 | | | I |

21gass a1 [ 2sass a0 [ ais4ss a4+ [
2gsssac 1o [ 21485 7 [ 2isass = [
218488 a9 [

218488 -6 [
(o
D Hs.533549.1.14

! I:l Exons
[I Exonized intron
I 5/3° UTRs
Il Affymetrix Probes

' [ PolyA Sites

Figure3.1. Gene schema fdEIF2B3and the positions of the probes.

Exon intron boundaries, Affymetrix probe locations, and the five poly(A) sites foubdR2B3
transcript were shown in the figure. Intronic poly(A) site was indicated by a red circle in the figure.
Eight of the Affymetrix probes are found at the upstreditine intronic poly(A) site, while three of

them are found downstream. Also, exon numbers were indicated above the corresponding exons.

Ratios of the proximal and distal probe intensity means for both treated and control
samples folEIF2B3 are given in Table 3.3. The ratid the means of proximal and
distal probe intensities for the E2 treated samples) (f®rmalized to that of control

samples (B gives the Ry Rcratio. EIF2B3was selected as an APA candidate as it

35



may undergo a lengthening event, indicated by a decreas¢gd RRratio of
Hs.371282.1.10 in E2 treated cells.

Table3.3. Ratios of the means of proximal and distailge intensities for treated and control

samples.
Series E2 Treatment | Proximal/ Proximal/ Fold
Number Concentration| Duration Distal-E2 Distal - Change
(Re2) Control (R) | (Red R)
GSE11324 100 nM 6h 1.36 3.11 0.44
GSE11324 100 nM 12h 1.45 3.11 0.47

Next, gene structure and the transcript isoforms of this APA candidate was

investigated.
3.2.EIF2B3 Gene Structure andEIF2B3 Transcript Isoforms

Eukaryotic InitiationFactor 2B3 (EIF2ZB3 E| F 2 B g a mmg geneld Ide&eBl o
on the minus strand of the first chromosom@3@.1) in the human genome
(GRCh38.p13). This gene is conserved among many eukaryotic organismS.from

pombeto chimpanzeeHomoloGene: 7005, NCBI)

EIF2B3 gene has three mRNA isoforms that are experimentally confirmed (Figure
3.2). The first transcript varianN(M_020365.% is the longest isoform with a total of
11 coding exons and 136,201bp (including UTRS). Thisdiakd transcript encodes

a 452 amino acid long peptid&P_065098) which has a molecular weight of
approximately 58kDa.
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EIF2B3

transcript variant 1 -]—[l—[H]—D—E
transcript variant 3 -} [H] D—l]
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=3
==
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=3
=
=3

[l Exons

I] Exonized intron

Bl 5/3°UTRs

Figure 3.2. Transcript variants dEIF2B3gene.

Transcript variant 1 encodes the longest isoform with 11 coding exons. Transcript variant 2 is the
intronic isoform having an exonized intron, which was shown as a grey box bguie at its
terminal exon. Lastly, transcript variant 3 has one exon missing compared to the first isoform.

The second isoform (NM_001166588.2) is 106,528 bp long in the coding region. This
isoform actually has 9 coding exons; however, among all 9s¢xme exon has a part
which is formed by the inclusion of a part of the next intron. Intronic sequence encoded
11 new amino acids which are not found in the first isoform are shown in Figure 3.3.
Lastly, the transcript variant 3 (NM_001261418.1) has b long coding region

size and it lacks one exon which is found in the first isofémtnonic and full isoform

differ in their G termini and this could be realized in the protein structure predictions

of the isoforms in Figure 3.4.

Isoform 1 395 ’SVTVEE(‘SNIQGS\-'ICNNA\-'IEKGADIKDCLIGSGQRIEAKAKRVNEVIVGNDQLMEI' 452

Isoform2 395 SVTVEEGYVSPCTHLRQRy--- - 412

D Wild type amino acids
D Newly added amino acids

Figure 3.3. Alignment of the amino acids encoded by different isoformsIBR2B3 gene.

The wild type amino acids found in the fldingth transcript were shown in a yellow rectangle. On
the other hand, newly added 11 amino acids coming from the exonization of the introaie part
indicated with red color.
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Isoform 1 . Isoform2

C-terminus

4

C-terminus :

/

/

N-terminus

/

N-terminus

Figure 3.4. Protein structure predictions oo isoforms (SWISSVIODEL).

Structure predictions were made by using SWIGDEL algorithm. In the figure, both f&rminus
and Gterminus were indicated by green and yellow arrows, respectively. The differencésriati@
of distinct isoforms could be seen in the figures.

Moreover, conserved domain search showed that GCD1 superfamily domain, is
truncated in the IPA isoform. This domain is conserved between BIGPBJ-
gamma) and EIF2BE&¢psilon), which together form the catalytic subcomplex. Figure
3.5 shows the conserveldmains on fullsized protein isoform. Between the amino
acids of 4447 are the part of this conserved GCDDP-sugar pyrophosphorylase
domain (NCBI, Conserved Domain Database). Since the intronic isoform has the
initial 401 amino acids common with thdlfgized isoform, part of this domain is lost

in the intronic one.

1 75 150 225 300 375 452

fuery seq.
Specific hits elF-2B_gpamma_N
Gehl

Superfanilies Glyco_tranf_GTA_tupe superfamily
GCD1 superfamily

Figure 3.5. Conservedlomains of the first isoform.

Figure shows the conserved domains of the full isofelf2B_gamma_N (212amincacids)
represents the #&rminal domain of EIF2B3. GCD1 superfamily447) represents the NEdugar
pyrophosphorylase domain which is conserved between both Ej&&Bna andepsilon subunits
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Considering the important function BfF2B3in the translation initiation process and
the structural alteration in this IPA isoform, we thought that this could be a promising
IPA candidate. Next, we wanted to confirm existence of this isoform that uses an

intronic poly(A) site.
3.3.Experimental Confirmation of EIF2B3 in E2 Treated MCF7 Samples

To understand whetheEIF2B3 undergoes intronic polyadenylation with E2
stimulation, we performed E2 treatment on MCF7 cellich are ER+ breast cancer
cells. According to the APADetect results, 100 nM E2 treaxtitrfor 6 hr and 12 hr
resulted with an SLR change fBtF2B3 Therefore, MCF7 cells were treated with
100 nM E2 for 12 hours after 72 hours of starvation. As a control, vehicle (EtOH)
treatment was also performed at the same conditions. Then, the tett petre
collected and used for RNA isolation. After DNase treatment, lack of DNA
contamination was proven by PCR using GAPDH primers AsgendixD). Then,
these RNA samples were further used for cDNA production to validate the successful
treatment. Oa of the most welknown target genes of E2, Trefoil FactorTFFE1),

was used to confirm the success of treatr{i@otirdeatet al., 2008)Figure 36 shows

TFF1 upregulation at three different biological replicate treatments.
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Figure 3.6. RT-gPCR Showing the TFF1 Expression on E2/EtOH Treated MCF7 cDNAs.

TFF1expression was used to check the success of E2 treatment. Relative expressionTéels of
was compared between E2 and EtOH treated MCF7 cDNAs in three different biological replicate
treatments. All expressions were normalized to the reference RBbRQ. Quantifications were

made by usinge &g methodLivak & Schmittgen, 2001)

3.3.1.RT-gPCR Quantification

RT-gPCR standardizations were made by follomA§QE guidelines(Bustin et al.,

2009) Melt curve analyses were checked to test whether there is argpaoific
product or primer aner formation. It should be pointed out that specific primer pairs
were designed for the intronic and long (full) transcripts to get the expressions of those
transcripts separately. The reverse primer for the intronic transcript was designed from
the exonted part of the intron so that it only maps to the intronic transcript. The
primers for the full transcript were designed from the last two exons so that they will

amplify only the long transcript.

In Figure 37, relative expression levels for both imio and full transcripts are

shown. The intronic isoformbés expression wa
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upregulation was also detected at the full transcript, and it was slightly more than the

intronic one.

Figure 3.7. Relative Quantification oEIF2B3intronic and long isoforms in E2 and EtOH Treated
MCF7 Cells.

MCF7 cells were treated with 100nM E2 for 12 hours. Expression changes were normalized to
RPLPOreference gene. Quantificatiomere made by usinge &g methodLivak & Schmittgen,
2001) For the statistical analysis, unpaired studgast was used resulting withvalues of 0.024,
and 0.011 for the intronic and long isoform, respectively.

33230 Rapid Amplification of <cDNA En:¢

To further validate the usage of introni
t his, we syntehdy sDNAsefrdm tBER RAAICHEOH treated samples

by using oligo dfanchor primers. For the firsbund amplification, F1(forward)

primers were used together with reverse anchor primers. For the second round, first
round products were used as the template, and they werefiathply using F2
(forward) primers to perform nested 306RAC

and the predicted product sizes for each poly(A) site usage are shown in Régure 3.
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