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ABSTRACT

AN ONCOGENIC ISOFORM SWITCH LEADS TO HNRNPA1
OVEREXPRESSION IN TRIPLE NEGATIVE BREAST CANCER

Erdem, Murat
Doctor of Philosophy, Biology
Supervisor: Prof. Dr. Ayse Elif Erson Bensan

August 2022, 93 pages

HNRNPAL1 is one of the most abundant and ubiquitously expressed nuclear proteins
and plays a significant role in RNA biology. It has many diverse functions in cellular
nucleic acid metabolisms, including mRNA transport, miRNA maturation, and
telomere maintenance. Emerging evidence suggest HNRNPAL to be an important
RNA binding protein (RBP) to regulate various RNA related processes in cancer
cells. However, deregulation of HNRNPA1 expression and its action mechanisms are
unclear in breast cancers. The study aims to investigate the isoform level expression
of HNRNPAL1 and the role of HNRNPAL in breast cancer models. Using expression
data in GTEx and TCGA databases, and microarray data set, an isoform switch
between the 3'UTR isoforms of HNRNPAL was discovered in breast cancers. It is
shown that the mammary tissue has a dominantly expressed isoform with a short
half-life. On the other hand, this isoform is downregulated in breast cancers, favoring
amuch more stable isoform. It is shown that the overexpression of this stable isoform
leads to increased HNRNPAL protein levels. In turn, high HNRNPAL protein levels

correlate with poor survival in patients. In support of this, silencing of HNRNPA1



causes a reversal in neoplastic phenotypes, including proliferation, clonogenic
potential, migration, and invasion. In addition, silencing of HNRNPAL1 results in the
downregulation of microRNAs that map to intragenic regions. Among the
downregulated miRNAs, pri-miR-27b and its host gene (C9ORF3) expression were
decreased, suggesting that pri-miR-27b and C9ORF3 expressions were co-regulated
by HNRNPAL at the transcriptional level in MDA-MB-231 cells.

In summary, a cancer-specific isoform switch was identified for HNRNPA1 and a

novel insight was provided on the function of HNRNPAL in breast cancers.

Keywords: APA, HNRNPAL, Isoform Switch, miR-27b, Breast Cancer
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0z

UCLU NEGATIF MEME KANSERINDE ONKOJENIiK iZOFORM
DEGIiSIiMiI HNRNPA1’IN ASIRI ANLATIMINA YOL ACAR

Erdem, Murat
Doktora, Biyoloji
Tez Yoneticisi: Prof. Dr. Ayse Elif Erson Bensan

Agustos 2022, 93 sayfa

HNRNPA1, en fazla bulunan ve her yerde eksprese edilen niikleer proteinlerden
biridir ve RNA biyolojisinde 6nemli bir rol oynar. mRNA tasinmasi, miRNA
olgunlasmasi ve telomer bakimi dahil olmak {izere hiicresel niikleik asit
metabolizmalarinda bir¢cok farkli islevi vardir. Ortaya cikan kanitlar, kanser
hiicrelerinde HNRNPA1'in RNA ile ilgili ¢esitli siirecleri diizenlenmesinde 6énemli
bir RNA baglayici protein (RBP) oldugunu géstermektedir. Bununla birlikte, meme
kanserlerinde HNRNPAL anlatimmin deregiilasyonu ve bunun etki mekanizmalar1
belirsizdir. Bu ¢alisma, meme kanseri modellerinde HNRNPAL'in izoform duizeyinde
anlatimii ve HNRNPAL'in roliinii aragtirmay1 amaglamaktadir. GTEx ve TCGA veri
tabanlarmi ve mikroarray data seti kullanarak meme kanserlerinde HNRNPAL'in
3'UTR izoformlar1 arasinda bir izoform gegisi kesfedildi. Normal meme dokusunda
kisa yar1 odmre sahip olan bir izoforumun baskin olarak ifade edilmis oldugunu
gosterildi. Ote yandan, bu izoform meme kanserlerinde ¢ok daha az ifade edilir ve
cok daha stabil bir izoformun ifade edilmesini destekler. Bu kararli izoformun asir
ifadesinin, artan HNRNPAT1 protein seviyesine yol actigini ortaya koyuldu. Buna
karsilik, yliksek HNRNPA1 protein seviyeleri, hastalarda zayif sagkalim ile
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iligkilidir. Buna destek olarak HNRNPAL'in susturulmasi, proliferasyon, klonojenik
potansiyel, go¢ ve istila dahil olmak iizere neoplastik fenotiplerde bir tersine doniise
neden olur. Ek olarak, HNRNPALl'in susturulmasi, intragenik bolgelerde yer alan
mikroRNA'larin agagi regiilasyonu ile sonucglanir. Asag: regiile edilmis miRNA'lar
arasinda pri-miR-27b ve onun konakg1 geninin (C9ORF3) ifadeleri azalmistir. Bu da
pri-miR-27b ve  C9ORF3  anlatimlarmin  MDA-MB-231 hicrelerinde
transkripsiyonel seviyede HNRNPA1l tarafindan birlikte diizenlendigini

diisiindiirmektedir.

Ozetle, HNRNPAL icin kansere 6zgii bir izoform gegisi belitlenmis ve meme

kanserlerinde HNRNPAL islevine yeni bir bakis agist saglanmustir.

Anahtar Kelimeler: APA, HNRNPAL, izoform Gegisi, miR-27b, Meme Kanseri
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CHAPTER 1

INTRODUCTION

1.1  Heterogeneous Nuclear Ribonucleoprotein Al

Heterogeneous nuclear ribonucleoprotein A1 (HNRNPAL) is one of the most
abundant and ubiquitously expressed nuclear proteins and plays a significant role in
RNA biology. HNRNPA1 is a member of the RNA-binding proteins family
comprising of 20 members (HNRNPA to HNRNPU) in humans (Dreyfuss, 1993,;
Pinol-Roma, Choi, Matunis, & Dreyfuss, 1988). HNRNPAL gene consists of 13
exons and has 4 poly (A) signals. There are two coding and one noncoding isoform
of HNRNPAL. These two coding transcripts produce two isoforms; A1l-B (the full-
length isoform of 372 amino acids, 38 kDa), and A1-A (the shorter variant, missing
residues 253 to 303, creating 320 aa protein, 34 kDa), and there are post-translational

modifications on different sites of HNRNPAL protein isoforms (Figure 1.1, A)

HNRNPAL1 protein has two RNA recognition motifs (RRM1 and RRM2) responsible
for binding to target RNAs (Figure 1.1, B). The flexible Glycine-rich C-terminal
region consists of Arg-Gly-Gly tripeptide repeats (RGG), interspersed with aromatic
(Phe, Tyr) residues that form the RGG boxes. These regions provide both protein
and RNA binding capabilities to HNRNPAL. In addition, the M9 sequence localized
within the Gly rich domain has a role in bidirectional transport of HNRNPA1
between the cytoplasm and nucleus in response to specific signals (Allemand et al.,
2005; Pifiol-Roma & Dreyfuss, 1992; Siomi & Dreyfuss, 1995). HNRNPAL protein
has many diverse functions in cellular nucleic acid metabolisms, including mRNA
transport (MRNA stabilization and transcriptional regulation), alternative splicing,

miRNA maturation and telomere maintenance.
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Figure 1.1. The structure and function of HNRNPAL isoforms: A. Post-translational
modifications on HNRNPA1 protein isoforms (Al1-A and A1-B). These
modifications are acetylation (A), phosphorylation (P) and SUMOylation (S). B.
They has two RRMs on its N-terminal, the C-terminal Glycine-rich domain with an
RGG box and a nuclear targeting sequence (M9). Figure taken from (Jean-Philippe,
Paz, & Caputi, 2013).

1.11 MRNA Transport and Cell Survival

HNRNPAL plays a role in transporting specific mRNAs from the nucleus to the
cytoplasm (Figure 1.2). For example, FGF-2 induced S6K2 phosphorylates Ser4/6
sites on HNRNPAL and increases the binding affinity of HNRNPA1 to BCL-XL and
XIAP mRNAs with Internal Ribosome Entry Site (IRES) to promote their nuclear
export. In the cytosol, phosphorylated HNRNPAL detaches from these mRNAS
activating their IRES-mediated translation in the cytoplasm. The phosphorylation of
Ser4/6 also leads to the association of HNRNPA1 with 14-3-3c; thus, HNRNPAI is
sumoylated on K183 and then is transported back into the nucleus. The pro-survival
effects of FGF-2 occur through the phosphorylation of HNRNPAZ1, which increases
translation of anti-apoptotic proteins (Roy et al., 2014). Since HNRNPAL binds to
IRES sequences, it acts as an IRES trans-activating factor (ITAF) for many cellular
IRES containing mRNAs, including oncogenes and cell cycle regulators like MYC
Cyclin D, and fibroblast growth factor 2 (FGF-2) (Martin et al., 2011) (Bonnal et al.,
2005).
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Figure 1.2. The schematic demonstration of shuttling of HNRNPAL between nucleus
and cytoplasm (Roy et al., 2014).

1.1.2 Splicing and Metastasis

One of the roles of HNRNPA1 is the regulation of RNA splicing. ARon, a
constitutively active isoform of the Ron tyrosine kinase receptor, arises from
skipping of Ronexon 11 and is connected to the activation of epithelial-to-
mesenchymal transition (EMT). HNRNPAL binds an exonic splicing silencer (ESS)
in exon 11, by competing with its antagonist (SRSF1) for splicing decisions. The
interaction of HNRNPAL with the ESS sequence inhibits the binding of SRSF1 to
the downstream exonic splicing enhancer (ESE), which promotes Ron exon 11
inclusion. In addition, HNRNPA1 prevents skipping of the Ronexon 11 by
regulating the expression level of HNRNPA2/B1 which has a role like SRSF1 in
ARon production (Bonomi et al., 2013). Upregulation of HNRNPAL leads



HNRNPA2/B1 mRNA to be degraded through the nonsense-mediated mRNA decay
(AS-NMD) pathway by inducing alternative splicing in the 3'UTR
of HNRNPAZ2/B1 transcripts (Bonomi et al., 2013; Isken & Maquat, 2008). By
inducing the inclusion of Ron exon 11, HNRNPAZ1 activates the mesenchymal-to-
epithelial transition (MET) at the final stage of metastasis. (Figure 1.3) sanirim bu

numaralar kaymis
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Figure 1.3. The role of HNRNPA1 (A1) in regulating delta-Ron splicing during
transient EMT-MET switches (Bonomi et al., 2013).

HNRNPAL1 also has a role in regulating the alternative splicing of CD44, whose gene
consists of 20 exons, of which exons 1-5 (c1-c5) and 16-20 (c6— c10) are called
constant exons while CD44 exons 6-15 are variable exons and typically numbered
v1-v10. These variable exons are alternatively spliced to produce splice variants
CD44v1-v10 depending on the inclusion of corresponding the variable exons 6-15.
It was demonstrated that expression of CD44v6 and v9 variants are specific to a
metastatic pancreatic carcinoma cell line, but not to the primary tumor (Li et al.,
2014). The expressions of CD44v6 and v9 variants give this cell line metastatic
feature (Li et al., 2014; Ringel et al., 2001). The overexpression of HNRNPA1

induces upregulating expression of CD44v6, which promotes the invasiveness of



hepatocellular carcinoma cells (Zhou et al., 2013). Invasive breast cancer cells
(MDA-MB-231) express the CD44v6 variants which encode the c5v6c6,
c5vev8vIv10c6, and cbvev7v8vIvlOc6 isoforms, and downregulation of
HNRNPA1 induces a significant decrease in the expression levels of
c5v6v7v8vIv10c6 and c5vev8viv10c6 isoforms and an increase of the c5v6c6
isoform (Loh et al., 2015).

1.1.3 miRNA Maturation

HNRNPAL1 also regulates the process of microRNA (miRNA) maturation. One of
the HNRNPAL specific targets is pri-miR-18a miRNA precursor, which is expressed
within the miR-17-92 cluster of intronic miRNAs, which transcribes six precursor
mMIRNAS (mir-17, mir-18a, mir-19a, mir-20a, mir-19b-1 and mir-92) on chromosome
13 (Guil & Caceres, 2007). HNRNPA1 binds to the terminal loop and reshapes the
stem-loop structure of pri-miR-18a at the nuclear step of Drosha-mediated
processing; thus, HNRNPAZL increases pri-miR-18a processing by Drosha
(Michlewski, Guil, & Céceres, 2010). On the other hand, HNRNPAL1 functions as a
negative regulator of let-7a. HNRNPAL interacts with the conserved terminal loop
of pri-let-7a-1 and inhibits the efficiency of Drosha to cleave pri-let-7a-1. Levels of
HNRNPAL negatively correlate with mature let-7a levels in somatic cell lines
(Michlewski & Céceres, 2010).

114 Telomere Maintenance

Studies on HNRNPAL1/DNA or RNA interactions have revealed that HNRNPA1 has
a role in telomeric metabolism. HNRNPAU1 interacts with telomeric sequences and
has a critical role in telomere biogenesis (Ding et al., 1999). First of all, HNRNP Al
assists the destabilization of the G-rich extension at the 3’ telomeric end to promote
the binding of telomerase to the 3’ telomeric end (Ghosh & Singh,
2018). Phosphorylation of HNRNPAL on Ser 95 by the DDR protein DNA-PKcs, a



member of the phosphoinositide 3-kinase-like kinase (PI3KK) family (Zhang,
Manche, Xu, & Krainer, 2006), and the phosphorylation of HNRNPAL is triggered
in the presence of the complementary telomerase RNA template, hTR (Ting,
Pohorelic, Yu, Lees-Miller, & Beattie, 2009). Inhibition of DNA-PKC? kinase
activity, or silencing of HNRNPAL, causes a significant accumulation of telomere
repeat-containing RNA (TERRA) at telomeres and is related to increased frequency
of fragile telomeres. Interaction of hTR/DNA-PKcs and HNRNPAL at telomeres
helps the removal of TERRA bound to chromatin, thus facilitating efficient
replication of telomeres and effective end capping (Le, Maranon, Altina, Battaglia,
& Bailey, 2013).

1.2  Alternative Polyadenylation

Precursor messenger RNA (pre-mRNA) are processed into mature mRNAS that can
be transported to the cytosol where they are translated into proteins. These processes
are 5’ capping, splicing, and 3’ polyadenylation of the precursor mRNA. Among
these, polyadenylation is governed by cleavage and polyadenylation complexes at
the 3” ends of pre-mRNAS, depending on the position of polyadenylation (poly (A))
signals. Most eukaryotic genes have more than one poly(A) signal (Tian, Hu, Zhang,
& Lutz, 2005; H. Zhang, 2004). Selection of alternative poly(A) (APA) signals by
the cleavage and polyadenylation complex leads to multiple isoforms of the
transcript with different 3’ untranslated region (UTR) lengths (Elkon, Ugalde, &
Agami, 2013) (Sandberg, Neilson, Sarma, Sharp, & Burge, 2008) (Chen & Shyu,
2017). Hence, APA determines the fate of mRNAs by altering the stability,
subcellular localization, and translation rate. The selection of poly(A) sites on pre-

MRNA is determined by cis-acting RNA elements and trans-acting RNA elements.

1.21 Cis-acting RNA Elements

Poly(A) signals are usually located 10-30 nucleotides upstream of the poly(A) site



where poly(A) tail is added. Poly(A) signals are divided into two categories:
canonical and noncanonical poly(A) signals. The canonical poly(A) signal
(AAUAAA) is strongly enriched and conserved in all species while the noncanonical
signals (AAAUAA, AUAAAA, AUUAAA, AUAAAU, AUAAAG, CAAUAA,
UAAUAA, AUAAAC, AAAAUA, AAAAAA, AAAAAG) are preferred to be used
at different frequencies (Derti et al., 2012).

Besides the poly(A) signal, other cis-elements have roles in directing the cleavage
and polyadenylation complex to the correct position. GU/U- rich downstream
element (DSE) is positioned at ~30 nucleotides downstream of the poly(A) site. The
other one is U- rich upstream stimulatory element (USE) located upstream of the
poly(A) signal (Chan, Choi, & Shi, 2011).

Trans-acting factors recognize the cis-elements on pre-mRNAs and regulate the poly
A tail addition. Cleavage and polyadenylation complex consists of subunits of
cleavage and polyadenylation stimulatory factor (CPSF), cleavage stimulatory factor
(CSTF), and cleavage factor Im and IIm (CFIm, CFlim) complexes. CPSF, CSTF,
and CFIm are the core protein complexes that recruit other factors, including CFIIm,
the scaffolding protein symplekin, and poly(A) polymerase (PAP) (Misra & Green,
2016) (Figure 1.4). CPSF provides the poly(A) signal AAUAAA recognition, has a
role in the recruitment of the other factors of the 3’ processing complex and catalyzes
the cleavage reaction. CPSF complex is composed of hFipl, WDR33 (WD repeat
domain 33), CPSF30, CPSF73, CPSF100, and CPSF160 subunits (Kaufmann,
Martin, Friedlein, Langen, & Keller, 2004; Mandel, Bai, & Tong, 2008). Upon
cooperative binding of CPSF complex to AAUAAA, CSTF complex recognizes and
forms stable association with the DSE (Chan et al., 2011). CSTF complex consists
of CSTF50, CSTF64 and CSTF77 subunits and its strong interaction with DSE is
mediated by the CSTF64 subunit (Colgan & Manley, 1997). CFIm complex contains
CFIm25, CFIm59 and CFIm68 subunits. It stabilizes the CPSF on RNA and is
involved in the cleavage of pre-mRNA (Colgan & Manley, 1997). CFlIm is
composed of CLP1 (cleavage and polyadenylation factor I subunit 1) and PCF11



(cleavage and polyadenylation factor subunit) and assists Pol Il-mediated
transcription termination (Birse, Minvielle-Sebastia, Lee, Keller, & Proudfoot, 1998;
Proudfoot, 2011). PAP catalyzes the addition of adenosine residues to the 3' end of
the mRNA without any template requirement (Proudfoot, 2011).

CFIm CFlIm
CFIm25 CLP1
CFimS50 PCF1
CFimbs

A A Symplekm

CFIm CFIm

WYY PAP /}3

5 U-richlUGUA AAUAAA U-IGU-rich
\* remRNA

Cleavage site

RNAPolymerasell

Figure 1.4. Schematic representation of the main factors involved in cleavage and
polyadenylation complex. There are several proteins involved in the cleavage and
polyadenylation processes in the cell. CPSF, CSTF, CFIm and CFlIm are required
for cleavage. Poly(A) polymerase (PAP) and poly(A)-binding proteins (PABs) are
crucial for pre-mRNA cleavage and polyadenylation. Cleavage sites are represented
by the poly(A) signals (PAS). Protein complexes bind to the upstream and
downstream elements (USE and DSE) to regulate the cleavage and polyadenylation
processes. The figure is taken from (Erson-Bensan & Can, 2016).

1.3 Effect of Alternative Polyadenylation

Most eukaryotic genes contain more than one poly(A) signal (PAS), leading to the
generation of different mMRNA variants from the same gene (Figure 1.5). Selection
of the proximal or distal PAS affects the length of 3’UTR of mRNA. This selection
could affect the interaction of microRNAs (miRNAs) or RNA-binding proteins
(RBPs) to mRNA and modulate protein synthesis. In addition, usage of intronic PAS



could affect peptide length and sequence, producing truncated proteins.
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Figure 1.5. Alternative polyadenylation (APA) and its effect on protein production.
The figure is taken from (Chang, Yeh, & Yong, 2017).

1.4 HNRNPA1 and Cancer

HNRNPAL is overexpressed in various tumor types; lung cancer (Pino et al., 2003),
Burkitt lymphoma (Bommert et al., 1998), multiple myeloma (Shi et al., 2008), and
leukemia (lervolino et al., 2002) where it is thought to regulate tumorigenesis
through a variety of functions that impact multiple hallmarks of cancer. These
functions are controlling RNA splicing, role in telomere length maintenance, role in
metastasis, miRNA maturation and mRNA transport between nucleus and

cytoplasm. Hence, HNRNPA1 can affect various phases of tumor progression.



1.5

Aim of the study

Given the oncogenic roles of HNRNPAL, it was interesting that the
expression and potential role of HNRNPAL in breast cancers is found out. In
silico analyses suggested that HNRNPA1 has multiple mRNA isoforms
differentially expressed in breast cancer cells. It was hypothesized that
isoform level deregulation may lead to oncogenic activation of HNRNPA1

with functional consequences in breast cancers.
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CHAPTER 2

MATERIALS AND METHODS

2.1  APADetect Algorithm and APA of HNRNPAL in TNBC

APADetect is a probe level screen algorithm, developed by Dr. Tolga Can
(Department of Computer Engineering, METU, Ankara). APADetect was used to
analyze already available microarray data sets to detect expression levels of different
3’UTR isoforms (B. H. Akman, Can, & Elif Erson-Bensan, 2012; H. Akman, Erson-
Bensan, B. Akman, & E. Erson-Bensan, 2014). APADetect splits probe sets into
proximal and distal sub-sets based on the positions of poly(A) sites (Figure 2.1)
according to the UCSC Genome Browser Database (Fujita et al., 2011). For each
transcript, mean signal intensities of proximal and distal probe sets are calculated
and used as indicators of short and long 3'UTR isoform abundance. Patient SLR
(Short/Long Ratio) values are compared to control/normal tissue samples to detect
APA based 3’UTR variants.

Preximal Distal
Poly (A) site Poly (A) site

5 N S——— . '

Y i ‘ Y

Proximal probes Distal probes

Figure 2.1. APADetect splits probe sets into proximal and distal sub-sets based on

the positions of known poly (A) sites.

11



To investigate whether APA of HNRNPAL occurs in triple-negative breast cancers
(TNBCs), 520 TNBC sample datasets were collected from GSE31519 (Rody et al.,
2011), while histologically normal epithelium sample datasets were collected from
different studies; 42 from GSE20437 (Graham et al., 2010), 15 from GSE9574
(Tripathi et al., 2008), 6 from GSE6883 (Liu et al., 2007), 6 from GSE26910
(Planche et al., 2011), 5 from GSE21422 (Kretschmer et al., 2011), 7 from GSE3744
(Richardson et al., 2006) and 1 from GSE2361 (Ge et al., 2005) for comparison.

2.2 RNA-Binding Protein and miRNA Binding Prediction

RBP (RNA-Binding Protein) binding sites on 3’UTR of HNRNPA 1 isoforms were
predicted via RBPDB tool (http://rbpdb.ccbr.utoronto.ca/) (Cook, Kazan, Zuberi,
Morris, & Hughes, 2011a) and RBPmap web server (Paz, Kosti, Ares, Cline, &
Mandel-Gutfreund, 2014). miRNAs targets on the 3’UTR of HNRNPA1 isoforms
and their binding sites on the 3’UTRs were predicted via TargetScan tool

(http://www.targetscan.org/vert_80/) (Agarwal, Bell, Nam, & Bartel, 2015).

2.3 Cell Lines and Culture Conditions

MCF7 and MDA-MB-231 cell line was a kind gift from Prof. Dr. Uygar Tazebay
(Gebze Technical University, Kocaeli). MCF7 and MDA-MB-231 cells were grown
in Dulbecco’s Modified Eagle Medium (DMEM) (01-052-1A, Biological Industries)
containing 10% FBS (S1810-500, Biowest), 1% penicillin/streptomycin (03-031-1B,
Biological Industries), %1 Sodium Pyruvate (03-042-1B, Biological Industries).
Cells were grown at 37°C with 5% CO2, and 95% humidified air and were checked

regularly for mycoplasma contamination by PCR.
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2.4 Total RNA Isolation

Total RNA isolation from cells was performed with Tri Reagent (R2050-1-200,
Zymo Research). For total RNA isolation from culture flask, cells were collected via
trypsin (X0930-100, Biowest) and pelleted through the centrifugation. Cell pellets
were washed with ice-cold PBS and pelleted once again. PBS was completely
discarded and cells were lysed with 1 mL of Tri reagent. Cells were completely lysed
by pipetting until viscous lysate disappeared. The cell lysates were transferred into a
1.5 ml microfuge tubes and incubated at room temperature for 5 minutes. Then, 200
ul chloroform (A3633, Applichem) was added onto the Tri reagent cell lysates and
mixed by inversions for 15 seconds. Then, samples were incubated on ice for 15
minutes. The samples were centrifuged at 12000 g, 4°C for 15 minutes. After the
centrifugation, approximately 500 pl of colorless aqueous phases containing RNA
was transferred to 1.5 ml microfuge tubes and then, 500 pl of 2-propanol (19516,
Sigma-Aldrich) was added. The mixture was inverted for 15 seconds and tubes were
incubated for 10 minutes at room temperature. After that, the tubes were centrifuged
at 12000g, 4°C for 10 minutes. The supernatants were discarded and RNA pellets
were washed with 1 mL of ice-cold 75% ethanol (EtOH) and centrifuged at 12000
g, 4°C for 15 minutes. The supernatant was removed and RNA pellets were air-dried.
Air-dried RNA pellets were re-suspended within appropriate volume of nuclease free
water and were incubated at 55°C for 10 minutes to dissolve the pellet completely.

RNA samples were stored at -80°C.

2.5 DNase | Treatment

To eliminate any DNA contamination, 5 pl DNase | and 10 pl 10X DNase | buffer
(04716728001, Roche Applied science) was added on the RNA sample containing
tubes, and volume was completed to 100 pl by addition of nuclease-free water. Then,
the tubes were incubated at 37°C for 2 hours. DNase | treatment was followed up by

phenol-chloroform extraction. 100 pl of phenol-chloroform-isoamyl alcohol
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(25:24:1) was added to the tubes, and the tubes were vortexed for mixing. Then,
mixtures were transferred into phase lock tubes and incubated on ice 10 minutes. The
tubes were centrifuged at 14000 rpm, 4°C for 20 minutes. 80 pl of the aqueous phase
was transferred into a 1.5 ml tube containing 8 pl Sodium Acetate and 240 pl
absolute EtOH. The tubes were incubated at -20°C overnight. The tubes were
centrifuged at 14000 rpm, 4°C for 30 minutes, and supernatants were discarded.
Pellets were washed with 600 ul of 75% EtOH, and the tubes were centrifuged at
14000 rpm, 4°C for 15 minutes. Supernatants were discarded, and RNA pellets were
air-dried. Air-dried RNA pellets were re-suspended within the appropriate volume
of nuclease-free water and were incubated at 55°C for 10 minutes to dissolve the
pellet completely. After DNase | treatment, PCR using GAPDH (Glyceraldehyde 3-
phosphate dehydrogenase) specific primers was applied to confirm that RNA
samples are free of DNA contamination. Following conditions were used for the
PCR reactions: incubation at 95°C for 5 minutes, 40 cycles of 95°C for 30 seconds,
56°C for 30 seconds, 72°C for 30 seconds, and final extension at 72°C for 5 minutes.
RNA concentration was determined via MaestroNano Micro-Volume

Spectrophotometer (Maestrogen) and stored at -80°C.

2.6 cDNA Synthesis

RNA was used for cDNA synthesis with RevertAid First Strand cDNA Synthesis Kit
(K1622, Thermo Fisher Scientific). For this purpose, 1000 ng RNA and 1 pl oligo
dT primer were mixed in a 200 pl tube containing an appropriate volume of water
(final volume becomes 12 ul). Tubes were incubated at 65°C for 5 minutes and
followed by immediate incubation on ice. 4 ul of 5X reverse transcriptase buffer, 2
pl of 20 mM dNTP mix, 1 pl of Ribolock RNase inhibitor, 1 pl RevertAid reverse
transcriptase was added into each tube and mixed by pipetting. After that, the tubes
were incubated at 42°C for 1 hour for synthesis and at 70°C for 10 minutes for the

enzyme inactivation. Finally, cDNAs were stored at -20°C.
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2.7  Cloning Experiments

2.7.1 Cloning of 3’ RACE PCR Products

2.7.1.1  Rapid Amplification of cDNA Ends

Rapid amplification of cDNA ends (RACE)-specific cDNA synthesis was performed
with 5 ug total RNA (DNase treated) from MCF7 and MDA-MB-231 cells using the
oligo dT-anchor primer (5’-GACCACGCGTATCGATGTCGACTTTTTTTTTT
TTTTTTV-3"). The RACE-specific cDNA synthesis step took 1.5 hours at 42°C.

For PCR, the following Gene Specific Primers were designed and used. 3’ RACE 1:
5'-GTCGAAGTGGTTCTGGAAACT-3, 3’RACE 2: 5’-
CAGAAGCTCTGGCCCCTATG-3’. A reverse primer for the anchor sequence was
used (Anchor-R: 5'-GACCACGCGTATCGATGTCGAC-3'). 3’RACE was
performed using the 3’RACE 1 and Anchor-R primers via Tag DNA Polymerase
(EP0402, ThermoScientific) with the following PCR. 1 pL template (cDNA), 2 uL
of 2 mM dNTP, 2 pL of 10X reaction buffer, 1.6 pL MgClz2 solution, 9.6 pL H20,
and 1 pL Taq DNA polymerase (5 U/uL) were mixed in 0.2 mL tube and the reaction
PCR conditions; 95°C for 3 minutes, 35 cycles of 95°C for 30 seconds, 56°C for 30
seconds and 72°C for 1 minute, and final extension at 72°C for 5 minutes. Nested
3’RACE PCR was performed using the 3’RACE 2 and Anchor-R primers with the
1/10 diluted PCR product as the template with the aforementioned PCR conditions.

2.7.1.2  Cloning of 3’ RACE PCR Products into pGEMT vector

The PCR products were run on 1% agarose gels at 100 volts for 1-1.5 hours. The
PCR products (bands in the gel) were gel purified by PCR clean up and gel extraction
kit (740609.50, Macherey Nagel) according to the manufacturer’s instructions and
their concentrations were measured via MaestroNano Micro-Volume

Spectrophotometer. Due to the feature of Tag DNA Polymerase, the PCR products
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had A-tail at their end. Thus, they are suitable for A/T cloning. Thus, gel-purified
PCR products were cloned into pPGEMT easy vector (A1360, Promega) according to

the manufacturer’s protocol.

2.7.2 Cloning of HA-tagged HNRNPAL Isoforms

2.7.2.1  Cloning of PCR Amplified HA-tagged HNRNPA1 Isoforms into
pGEMT

First, hemagglutinin (HA) tag sequence and CDS of HNRNPA1 isoforms with or
wihout their unique 3’UTRs were PCR amplified with HA-tagged HNRNPAL
primers (Table 2.1) using Phusion High-Fidelity DNA Polymerase (F530S,
ThermoScientific) according to the manufacturer’s instructions. The PCR products
were run on agarose gels and the PCR products (bands in the gel) were gel purified
by PCR clean up and gel extraction kit as was before. Tag DNA Polymerase was
used to add A-tail to the gel-purified PCR products. For this, 10 uL of the gel-purified
PCR products, 0.4 uL of 10 mM dATP, 2 pL of 1X reaction buffer, 6.6 uL. H20 and
1 uL Tag DNA polymerase were mixed in 0.2 mL tube and the reaction was
conducted at 72°C for 30 minutes. Thus, they became suitable for A/T cloning. PCR
products were cloned into the pGEMT easy vector according to the manufacturer’s

protocol.
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Table 2.1. Primers for cloning of HA-tagged HNRNPA1 isoforms. Underlined
sequences are restriction enzyme recognition sequences. CTCGAG: Xhol,

AAGCTT: Hindlll, GGATCC: BamHlI.

Gene Accession | Primer Name Sequence (5°-3%) Annealing
Number Temp.
CGCATCTCGAGAAAATGTACCCA
HNRNPAL HA-HNRNPAL TACGATGTTCCAGATTACGCTTCT
CDS Cloning F Primer | AAGTCAGAGTCTCCTAAAG 65°C
CDS Cloning R | CGCATAAGCTTTTAAAATCTTCTGC
Primer CACTGCCATAG
HA-HNRNPA1 CGCATCTCGAGAAAATGTACCCATA
Cloning F Primer CGATGTTCCAGATTACGCTTCTAAGT
CAGAGTCTCCTAAAG
Isoform 2 Cloning | GGATCCTTTACACAGCACATTAAAAA | 65°C
R Primer AAAGAC
HNRNPA1
(NM_002136.4) HA-HNRNPA1 CGCATCTCGAGAAAATGTACCCA
Cloning F Primer TACGATGTTCCAGATTACGCTTCT
AAGTCAGAGTCTCCTAAAG 65°C
Isoform 3 Cloning | GGATCCTTCAAGAGAATTAAATCG
R Primer TTTATTGATTAC
HA-HNRNPA1 CGCATCTCGAGAAAATGTACCCA
HNRNPAL1 Cloning F Primer TACGATGTTCCAGATTACGCTTCT
(NR_104427.1) AAGTCAGAGTCTCCTAAAG 65°C
Isoform 1 Cloning | GGATCCCTAAGTTAAATACAGTT
R Primer TATTAAA

2.7.2.2  Cloning of HA-HNRNPAZ1 Isoforms into pcDNA 3.1 (-)

HA-HNRNPAL isoforms were cloned into pcDNA 3.1 (-) expression vector (V795-
20, Invitrogen). For cloning, 5 ng of each pPGEMT HA-HNRNPA1 isoforms and
pcDNA 3.1 (-) were double digested with 1 uL of Xhol (FD0694, ThermoScientific)
and 1 pL of HindIII/BamHI (FD0504/FD0054, ThermoScientific) restriction
enzymes in universal FastDigest Buffer at 37°C for 1 hour to get HA-HNRNPA1
isoforms and linear pcDNA 3.1 (-). The digested vectors were run on a 1% agarose
gel at 100 volts for 1-1.5 hours. The linearized pcDNA vector and HA-HNRNPA1
isoforms were gel-purified by PCR clean-up and gel extraction kit. The ligation

reaction was conducted.
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2.7.3 Cloning of HNRNPA1 3’UTR Isoforms

2.7.3.1  Cloning of HNRNPAL1 Isoforms into pGEMT

Isoform 2 (350 bp), isoform 3 (702 bp), and isoform 1 (211 bp) 3’UTR sequences
were PCR amplified with cloning primers (Table 2.2) using a Phusion High-Fidelity
DNA Polymerase (F530S, ThermoScientific) and cloned into pMIR-Report (pMIR)
plasmid (AM5795, Ambion). The PCR products was run on agarose gels and the
PCR products (bands in the gel) were gel purified by PCR clean up and gel extraction
Kit as described before. A-tail reaction was applied again as described. A-tailed PCR

products were cloned into pPGEMT easy vector.

Table 2.2. Primers for cloning of HNRNPA1 3’UTR isoforms. Underlined sequences
are restriction enzyme recognition sequences. ACTAGT: Spel, GAGCTC: Sacl,
AAGCTT: HindlllI.

Forward | o A TACTAGTTTAGGAAACAAAGCTTAGCAGG
Isoform 2 Primer
3’UTR Cloning Eﬁ‘r’ﬁéﬁe CGCATGAGCTCTTTACACAGCACATTAAAAAAAAGAC
Forward
: CGCATACTAGTTTAGGAAACAAAGCTTAGCAGG
Isoform 3 Primer
P VTR Cloning - ROVEISe |6 CATGAGCTCTTCAAGAGAATTAAATCGTTTATTGATTAC
Forward
soform 1 oo GAGCTCTTAGGGAGGAGTCTGCTACT
3"UTR Cloning Erei‘éf;fe IAAGCTTCTAAGTTAAATACAGTTTATTAAAA
Forward | 7 GCTCTTAGGGAGGAGTCTGCTACT
Isoform 1-PartAPrimer
3"UTR Cloning Erei‘éf;fe IAAGCTTTAACGAAGTACAGTGGCTCAGATA
Forward
soform 1.PartBprimer . [GAGCTCACCTTTATCTGAGCCACTGT
3"UTR Cloning Eﬁ‘éferfe IAAGCTTCTAAGTTAAATACAGTTTATTAAAA
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2.7.3.2 Cloning of HNRNPA1 3’UTR Isoforms into pMIR Report

HNRNPA1 3’UTR isoforms were cloned into pMIR Report vector (AM5795,
Ambion). For cloning, 5 ug of each pPGEMT HNRNPAL 3°UTR isoforms 2 and 3
and pMIR Report were double digested with 1 pL of Sacl (FDI1134,
ThermoScientific) and 1 pL of HindIIl (FD0504, ThermoScientific) restriction
enzymes in universal FastDigest Buffer at 37°C for 1 hour to get 3’UTR isoforms
and linear pMIR. 5 ug of each pPGEMT HNRNPA1 3’UTR isoform 1 and pMIR
Report were double digested with 2 puL of Sacl (FD1134, ThermoScientific) and 1
pL of Spel (ER1251, ThermoScientific) restriction enzymes in 1X Tango Buffer at
37°C for 1 hour.

The digested vectors were run on a 1% agarose gel at 100 volts for 1-1.5 hours. The
linearized pMIR vector and HNRNPAT1 3’UTR isoforms were gel-purified by PCR

clean-up and gel extraction Kit. The ligation reaction was conducted.

2.8  Site-Directed Mutagenesis: Deletion of miRNA and RBP sites

miRNA or RBP sites on HNRNPA1 3’UTR isoforms in pMIR vector were deleted
via site-directed mutagenesis. For this purpose, QuikChange Primer Design-Agilent
(https://www.agilent.com/store/primerDesignProgram.jsp) was used to design the
primers (Appendix A, Table 4.1). 300 ng pMIR HNRNPA1 3’UTR isoform, 5 pL
of each primer (10 uM), 5 uLL of 2 mM dNTPs, and 0.5 pLL Phusion DNA polymerase
(2 U/uL) were mixed in 1X HF buffer, and reaction volume was completed to 50 pL.
by adding nuclease-free H20. Site-directed mutagenesis (SDM) PCR conditions:
98°C for 3 minutes, initial denaturation; 15 cycles (30 seconds at 98°C, 30 seconds
at 65°C, and 3.5 minutes at 72°C) and 72°C for 5 minutes, final extension. 10 pL
site-directed PCR was run on 0.5% agarose gel at 100 volts for 1-1.5 hour to check

the PCR functioned properly.

Dpnl restriction enzyme (FD1704, Thermoscientific) was used to get rid of the wild-

type sequence. Dpnl treatment was conducted by mixing 10 uL. PCR product, 4 uL
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of 10X FastDigest buffer, 23 puL of nuclease-free H20, and 3 pLL Dpnl enzyme in 0.2
mL tube and incubated overnight at 16°C. The Dpnl treated SDM PCR products
were used to transform the TOP10 competent E.coli bacteria. Colonies were selected
via colony PCR using SDM confirmation forward and reverse primers (Appendix A,
Table 4.2).

2.8.1 Cloning of HNRNPAL shRNA into pSuper Vector

HNRNPAL short-hairpin RNA (A1shRNA) (5’- TGAGAGATCCAAACACCAA-
3’) (Guil, Long, & Caceres, 2006) was cloned into pSUPER retro.neo-GFP
(OligoEngine) (a kind gift from Dr. Uygar Tazebay, Gebze Technical University,
Turkey) and non-targeting (NT) shRNA (5°- CGTACGCGGAATACTTCGATT-3")
was already cloned into pSUPER retro.neo-GFP in the laboratory. For shRNA oligos
cloning, the sense and antisense oligos (Table 2.3) were dissolved in sterile,
nuclease-free H20 to 3 mg/ml. The annealing reaction was carried out as in the
annealing of the shRNA oligos. 5 ug of pSuper vector was linearized with 1 puL Fast
Digest Hindlll (FD0504, ThermoScientific) and Fast Digest Bglll (FD0084,
ThermoScientific) restriction enzymes in universal 1X FastDigest Buffer at 37°C for
1 hour. The digested vector was run on 1% agarose gel at 100 volts for 1-1.5 hours.
The linearized vector was gel purified by PCR clean-up and gel extraction kit
(740609.50, Macherey Nagel) according to the manufacturer’s instructions to
remove any undigested circular plasmid and decrease the background in ligation and
transformation. The ligation reaction was conducted as before. The colony PCR was
run on 1% agarose gel at 100 volts for 1-1.5 hours. The digested vector was run on
1% agarose gel at 100 volts for 1-1.5 hours. The linearized vector was gel purified
by PCR clean up and gel extraction kit (740609.50, Macherey Nagel) according to
the manufacturer’s instructions to remove any undigested circular plasmid and
decrease the background in ligation and transformation. The ligation reaction was

conducted.
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Table 2.3. HNRNPAL1 shRNA oligos adopted for pSuper vector.

GATCCCCTGAGAGATCCAAACACCAATTCAAGA

Sense GATTGGTGTTTGGATCTCTCATTTTTA

HNRNPAL shRNA
AGCTTAAAAATGAGAGATCCAAACACCAATCTC

Antisense TTGAATTGGTGTTTGGATCTCTCAGGG

2.8.2 Cloning of HNRNPA1 sgRNA into CRISPR/Cas9 Vector

To knockout HNRNPA1, CRISPR/Cas9 system was used. First of all, HNRNPA1
single guild RNAT (sgRNA1) (5’- CACCGGCTATAACAACGGAGGCGG -37)
and sgRNA2 (5’- CACCGAAGGGTTCCACAATCTGTA -3°) (Sui et al., 2015)
were cloned into pSpCas9(BB)-2A-Puro (PX459) V2.0 (62988, Addgene) (a kind
gift from Prof.Dr. Mesut Muyan, Middle East Technical University, Turkey). For
SgRNA cloning, the sense and antisense oligos (Table 2.4) were dissolved in sterile,
nuclease-free H20 to a concentration of 3 mg/ml. The annealing reaction was carried
out as discribed before. For more extended storage, the annealed oligos were kept at
-20°C until needed. 5 pg of px459 vector was linearized with 1 pL Bbsl-HF
restriction enzyme (R3539S, New England BioLabs) in rCutSmart buffer at 37°C for
1 hour. The digested vector was run on 1% agarose gel at 100 volts for 1-1.5 hours.

The linearized vector was gel purified by PCR clean-up and gel extraction Kit.

Table 2.4. HNRNPAL1 sgRNA oligos (Sui et al., 2015).

Sense CACCGGCTATAACAACGGAGGCGG
PORNAL Antisense IAAACCCGCCTCCGTTGTTATAGCC
SGRNA2 Sense CACCGAAGGGTTCCACAATCTGTA

Antisense IAAACTACAGATTGTGGAACCCTTC
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2.9  Ligation Reactions

The ligation reaction was conducted by mixing linear vector and insert at a 1:3 molar
ratio. The ligation reaction was carried out at 16°C overnight by mixing 100 ng
linearized vector, the calculated amount of the insert according to the formula below/
2 uL annealed oligos, 1 ul of 10X T4 DNA ligase buffer, 0.2 pl of T4 DNA ligase
(2 U/uL) (ELO011, ThermoScientific) and the appropriate amount of nuclease-free

H20 to complete reaction volume to 10 pl.

ng of vector = kb size of insert

x insert:vector molar ratio = ng of insert Formula

kb size of vector

A different protocol was followed for A/T cloning of PCR inserts into pGEMT easy
vector (A1360, Promega) according to the manufacturer’s protocol. In the protocol,
same linear vector and insert at 1:3 molar ratio was followed, and reaction mixture
was prepared by mixing 1 ul (50 ng) of linear pGEMT easy vector, calculated
amount of insert, 5 pl of 2X Rapid Ligation Buffer, 1 pl of T4 DNA ligase (3 U/pL)
and appropriate amount of nuclease-free H20 to complete reaction volume to 10 pl

at 4°C overnight.

2.10 Transformation of Bacteria

The ligation products//SDM applied plamids were used to transform the TOP10
competent E. coli bacteria. The total volume of the ligation product was mixed with
the 50 ul competent bacteria in a 1.5 mL tube, and then the tube was incubated on
ice for 30 minutes. After ice incubation, bacteria were heat-shocked at 42°C for 45-
60 seconds. Then, the bacteria were incubated again on ice for 5 minutes. For
recovery of bacteria due to the heat-shock process, 500 ul Luria broth (LB) medium

was added to the bacteria, and the bacteria were incubated at 37°C for 1 hour. After
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1 hour of incubation, centrifugation was applied to get rid of the excess medium at
5000 rpm for 10 minutes. The transformed bacteria pellet was dissolved within 100
uL remaining LB and spread on the agar plate. The plate was incubated at 37°C for
16 hours. Bacterium colonies with plasmid containing insert were determined with

colony PCR.

For the transformation of bacteria with pPGEMT contructs, during 1-hour incubation
for recovery of bacteria, 10 pl of IM IPTG and 20 pl of 50 mg/ml X-Gal were spread
on ampicillin containing agar plate and the agar plates were air-dried. Only white

colonies were selected for colony PCR but not the blue ones.

2.11 Colony PCR/Insert Confirmation PCR

Transformed colonies were screened by PCR using proper primer for the plasmid
type (Table 2.5). 1 uL template or 1 colony taken by a micropipette tip, 2 uL. of 2
mM dNTP, 2 pL of 10X reaction buffer, 1.6 uL MgClz solution, 9.6 uL. H20, and
0.2 uL Taq DNA polymerase (5 U/uL) were mixed in 0.2 mL tube and the reaction
PCR conditions; 95°C for 5 minutes, 35 cycles of 95°C for 30 seconds, 56°C for 30
seconds and 72°C for 30-2 minutes, and final extension at 72°C for 5 minutes. The

colony PCR products were run on 1% agarose gel at 100 volts for 1-1.5 hours.

Table 2.5. Vectors for cloning of inserts and primers used for confirmation of inserts
in the corresponding vectors.

Vector Name Primer Name Sequence (5’-3°)
0GMET T7 Prir_ner TAATACGACTCACTATAGGG
SP6 Primer ATTTAGGTGACACTATAG
DCDNA 3.1 T7 Primer _ TAATACGACTCACTATAGGG
' BGH Reverse primer TAGAAGGCACAGTCGAGG

pMIR Sequencing Forward AGGCGATTAAGTTGGGTA

PMIR Report PMIR Sequencing Reverse GGAAAGTCCAAATTGCTC
Super pSuper_468bp F AACCAGTCGGTAGATGTCAAGAA
psup pSuper_468bp_R TATTTGCATGTCGCTATGTGTTC
DX459 hU6-F GAGGGCCTATTTCCCATGATT
sgRNA Antisense oligo Sequences in Table 2.4
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2.12  Plasmid Isolation from Transformed E. coli

The positive (white) colonies of E. coli bacteria transformed with constructs were
seeded in 15 mL of ampicillin containing LB medium and incubated overnight at
37°C. pGEMT plasmids were isolated from bacterial culture via GeneJET Plasmid
Miniprep Kit (K0503, ThermoScientific) according to the manufacturer’s protocol.
Plasmid concentration was measured via MaestroNano Micro-Volume

Spectrophotometer and sequenced.

2.13  Transfection Experiments

2.13.1 Transfection of MCF7 and MDA-MB-231 with pcDNA HA-
HNRNPAL Isoforms

MCF7 and MDA-MB-231 cells were seeded on 6-well plates to ~70% confluency.
Media on cells were removed, and cells were washed with PBS. Fresh medium was
added to cells and cells were transfected with 2 pg pcDNA HA-HNRNPA1
constructs using 4 uL TurboFect transfection reagent (R0532, ThermoScientific)
according to the manufacturer’s instructions. After 48 hours of transfection, cells

were collected for total proteins for western blot analysis.

2.13.2 Dual-Luciferase Reporter Assay

MCF7 cells and MDA-MB-231 cells on 48-well plates (at 60-70% confluency) were
co-transfected with pMIR (Firefly luciferase) (225 ng for MCF7 and 245 ng for
MDA-MB-231) and phRL-TK (Renilla Luciferase) (E6241, Promega) (25 ng for
MCF7 and 5 ng for MDA-MB-231) vectors 0.5 uL TurboFect transfection reagent.
24 hours after transfection, cells were collected, and dual luciferase activities were
measured using the Modulus Microplate Luminometer (Turner Biosystems) with at

least three technical replicates per independent biological replicate (n=3). The
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luminescence intensity of Firefly luciferase (pMIR) was normalized to that of Renilla
luciferase (phRL-TK).

2.13.3 Silencing of HNRNPA1 in MDA-MB-231 with pSuper RNAI System

After cloning shRNAs into pSuper vector and plasmid isolation, MDAMB231 cells
were grown in 6-well plates up to ~70% confluency. The medium was discarded,
cells were washed with PBS, and fresh medium was added. MDA-MB-231 cells
were transfected with 2 pg pSuper A1shRNA or NTshRNA and 4 pL. TurboFect.
Transfected cells were selected with 1000 mg/ml G418 (Roche, 4727894001) and
maintained with 500 mg/ml G418, and monoclonal cells were expanded. HNRNPA1

silencing was detected by western blotting.

2134 Knockout of HNRNPAL in MDA-MB-231 with CRISPR/Cas9

After cloning HNRNPA1 sgRNAs into p459 vector and plasmid isolation, MDA-
MB-231 cells were seeded on a 6-well plate to ~70% confluency. The medium above
cells were discarded, cells were washed with PBS and fresh medium was added.
MDA-MB-231 cells were co-transfected with 1 pg px459 HNRNPA1 sgRNA1L and
1 pg px459 HNRNPA1 sgRNA2 vectors and 4 pL TurboFect transfection reagent.
Transfected cells were selected with 0.5 pg/mL puromycin (A1113803, Gibco) and
maintained with 0.25 pg/mL puromycin, and monoclonal cells were expanded.

HNRNPAL knockout was detected by western blotting.

2.14  Actinomycin D and Cycloheximide Treatments

MCF7 cells were grown in 6-well plates up to 50% confluency before 2 pg/mL
actinomycin D (ActD) (1229, Tocris Bioscience) and 100 pg/mL Cycloheximide
(CHX) (0970, Tocris Bioscience) treatments. ActD was dissolved in
dimethylsulfoxide (DMSO), while CHX was dissolved in EtOH. Cells were
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harvested after 3 hours of ActD and CHX treatments, and RNA was isolated. Control
groups received only DMSO and/or EtOH. Following DNase treatment, CDNAS
were synthesized, and remaining mRNA levels were quantified using RT-gPCR.
Relative mRNA levels were plotted against treatment duration and fitted to a linear

regression model. Three independent treatments were performed.

2.15 RT-gPCR

Expression levels of HNRNPAU1 isoforms, and pri-miR-27b were determined by RT-
gPCR. SsoAdvancedTM Universal SYBR® Green Supermix (1725271, Bio-Rad
Laboratories) was used. MIQE guidelines were followed throughout the PCR and
RT-gPCR analyses (Bustin et al., 2009). Reactions with 10 pl volume were
performed with 0.6 ul from each specific primer pair (300 nM final concentration),
5 ul SsoAdvancedTM Universal SYBR® Green Supermix, and 0.8 ul nuclease-free
water. Fold change of the gene expressions were normalized against the reference
gene, ribosomal protein lateral stalk subunit PO (RPLPO) (accession: NM_001002.4
& NM_053275.3) whose expression does not change in response to any treatment or
transfection. Reaction efficiency correction and the AACq method were used for
quantification. Sequences of primer pairs, expected product sizes, and RT-qPCR

annealing temperatures are given in Table 2.6.
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Table 2.6. RT-gPCR primer list.

Reverse

RNA Primer Name Sequence (5°-3) Annealing
Temp.
Hs HNRNPA1
Total HNRNPAL Forward GCTCACGGACTGTGTGGTAA .
Hs HNRNPA1 66°C
GGCCTTGCATTCATAGCTGC
Reverse
HNRNPAL AAGTGTAAAGCATTCCAACAAAGG
Isoform 2 F o
HNRNPA1 60°C
HNRNPAL Isoform 2 R TCAGCGTCACGATCAGACTG
(NM_002136.4) HNRNPAL CAACCTGCTTGGGTGGAGAA
Isoform 3 F o
HNRNPA1 60°C
TTGCATAGGATGTGCCAACAA
Isoform 3 R
HNRNPA1
HNRNPAL Isoform 1 F CAGAAGCTCTGGCCCCTATG saec
QR 1044278 HNRNPAL CACAAGGACGTTCCTTTCTGC
Isoform 1 R
RPLPO
RPLPO F GGAGAAACTGCTGCCTCATA
(NM_001002.4 & 60°C
NM_053275.3) RPLPO R GGAAAAAGGAGGTCTTCTCG
c-MYC c-MYCF CAGCTGCTTAGACGCTGGATT
(NM_002467.6 & 61°C
NM_001354870.1) c-MYCR GTAGAAATACGGCTGCACCGA
Ex2-3 Forward GAAGACAGGGGCTCAGACAG
C90RF3 60°C
Ex2-3 Reverse GCCCTGTTGTTTATGGGAGA
Bx13-14 GCACAAGTTCACGAAAGCCT
Forward o
CYORF3 B 1314 64°C
CTCACTCACCATCAGCTCCC
Forward
hsa-mir-27b ACCAGCTGAGGAAGATGCTC
- Forward o
pri-miR-27b hsa-mir-27b 62°C
CAGCGGCTCCAACTTAACTG

2.16 Total Protein Isolation

Total protein isolation was performed using the M-PER Mammalian Protein
Extraction Reagent (78501, Thermo Scientific). First, the medium over the cells was
removed and cells were washed with 1X PBS twice. Next, the cells were treated with
250 pl of trypsin on a 6-well plate and incubated at 37°C for 5 minutes. DMEM
growth medium was added to the wells to inhibit the trypsin's enzymatic activity and

collect the cell suspension. Cell suspensions were transferred into 1.5 ml tubes and
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centrifuged at 1500 rpm for 5 minutes to isolate the cells from medium and trypsin.
The supernatants were discarded, and cells were washed with 1X PBS. The
centrifugation step was repeated, and supernatants were discarded. 50 pl of M-PER,
5 pl of 10X phosSTOP (05056489001, Roche Life Science), and 10 pl of 25X
protease inhibitor cocktail (4906845001, Roche Life Science) were mixed and added
directly to cell pellets in 1.5 ml tubes on ice. Then, samples were incubated on ice
for 30 minutes and vortexed for 30 seconds, at 10 minutes intervals. Samples were
centrifuged at 14000 g, 4°C for 20 minutes. Supernatants, which contained the total

protein, were then transferred into a fresh 1.5 ml tube and stored at -80°C.

2.17 Protein Concentration Measurement

Protein concentrations were determined with Pierce BCA Protein Assay Kit (23227,
Thermo Fisher Scientific). The manufacturer’s protocol was modified to a 96-well
plate, so the reaction protocol became; 200 ul Reagent A and 4 ul Reagent were
mixed, and 200 pl of the mixture was added to the wells of the 96-well plate. Then,
20 pl nuclease-free water was added and 5 pl protein sample was added. Then, the
sample containing a 96-well plate was incubated at 37°C for 30 minutes. The
absorbance of the samples was measured at 562 nm wavelength. The absorbance
value of the blank was subtracted from those of samples and concentration of the

protein samples was calculated according to the standard curve.

2.18 Western Blot

30 pg total protein extracts were denatured with 6X Loading dye at 100°C for 10
minutes. SDS-PAGE is performed using 5% stacking and 8-12% separating gels and
blotting was done onto PVDF membrane (03010040001, Merck). 5% bovine serum
albumin fraction V (BSA) (11943.01, Serva) in TBS-T (Tris Buffer 28 Saline-
Tween) was used as a blocking reagent at room temperature for 1 hour. Blocking

was followed by overnight incubation with the primary antibodies: B-actin (1:2000)
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(sc-47778, Santa-Cruz), HNRNPA1 (1:2000) (4B10, sc-32301, Santa-Cruz) with a
subsequent 1-hour incubation of secondary antibody (sc-2005, Santa Cruz).
Membranes were visualized by WesternBright ECL Blotting Substrates (K12045-
D50, Advansta) and ChemiDoc™ MP Imaging System (170-8280, Bio-Rad

Laboratories) according to the manufacturer’s instructions.

2.19 Immunocytochemistry

HA-HNRNPAL isoforms with their 3°’'UTRs were cloned into pcDNA 3.1 (-)
expression vector. Cloned vectors were transfected to MCF7 cells. Localization of
HA-tagged HNRNPA proteins translated from isoforms 1, 2, and 3 (CDS+3’UTRs)
in MCF7 cells was detected by immunocytochemistry. First, coverslips were put into
ethanol and then under UV light. After that, the coverslips were placed in the wells
of a 6-well plate. 2 x 10° MCF7 cells were seeded on the coverslips in the wells. The
next day, HA-HNRNPA1 isoforms and 3’UTRs cloned into pcDNA 3.1 (-) were
used to transfect MCF7 cells. After 48 hours of transfection, MCF7 cells were fixed
with 2% paraformaldehyde, permeabilized with 0.4% Triton X-100 in PBS, blocked
with 10% BSA, and incubated with rabbit anti-HA-tag monoclonal antibody (1:500;
ab9110, Abcam) at RT 1 hour. Cells were stained with the Alexa fluor® 488-
conjugated goat polyclonal anti-rabbit 1gG secondary antibody (1:1000; ab150077,
Abcam) and counterstained with fluoroshield mounting medium DAPI (ab104139,
Abcam). Images of MCF7 cells were produced via Leica DMI14000 B equipped with
Andor DSD2 spinning confocal microscope with 63X oil NA 1.4 objective lens.

2.20 Clonogenic Assay

Thousand MDA-MB-231/NTsh and Alsh cells were seeded as triplicates on 6-well
plates and were cultured for 14 days. The medium was changed in 2 days interval.
The medium was discarded, and cells were washed with PBS. Cells were fixed with

100% methanol for 20 minutes and stained with 1% crystal violet for 5 minutes.
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Colonies were photographed, and visible colonies larger than three mm? were
counted via the countPHICS tool (Brzozowska et al., 2019). The experiment was

repeated three independent times with at least three technical replicates.

2.21  Wound Healing

MDA-MB-231/NTsh and Alsh cells were grown on a 6-well plate to 100%
confluency. A pipette tip wounded confluent cell layers. Cells were washed with
PBS three times to get rid of detached cells, and fresh medium was added. Medium
change was applied every 2 days and cells were monitored for up to 48 hours for
wound closure. Images were captured using an inverted microscope (Olympus
Corp.), and wound width measurements were measured. ImageJ software measured
the wound closure areas (Schneider, Rasband, & Eliceiri, 2012). The experiment was

repeated three independent times with at least three technical replicates.

2.22 MTT Cell Proliferation Assay

7.5 x 103 stably NTsh and HNRNPA1sh transfected MDA-MB-23 cells in 100 pl of
DMEM were cultured on 96-well plates for 3 days. MTT cell proliferation assay was
performed at day 0 and day 3. MTT solution (10 ul) (M5655-1G, Sigma-Aldrich)
was added to each well for 4 hours at 37°C with 5% CO2 100 pl SDS was added to
each well and incubated at 37°C with 5% COg, overnight. Absorbance was measured
at 570 nm wavelength with a Multiskan GO Microplate Spectrophotometer (Thermo
Fisher). The experiment was repeated three independent times with at least five

technical replicates.

2.23  Migration and Invasion Assays

Migration and invasion assays were performed using a Transwell system with an 8-
KM pore size (662638, Greiner Bio-One). 80% confluent MDA-MB-231/NTsh and
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MDA-MB-231/A1sh cells were used. 1x10° cells in 100 pl of DMEM
supplemented with 1% FBS were seeded in the transwell insert, and 600 pl of
complete medium (DMEM supplemented with 10% FBS) was added to the wells of
the 24-well plate well. Cells were incubated at 37°C and 5% CO: for 15 hours. The
apical surface of the transwell’s membrane was cleaned with cotton sticks three
times. Then, the transwell was incubated in methanol for 10 min to fix the cells. It is
incubated in Giemsa dye for 2 min. The membrane was placed and covered with a
cover slide. The membrane was observed and photographed under the inverted
microscope (Olympus Corp.). For the effects of HNRNPA1 silencing on the
invasiveness of MDA-MB-231 cells, the same protocol was applied except that
membrane of the transwell was pre-coated with Matrigel (356231, Corning), and the

cells were incubated for 18 hours. Both experiments were performed in triplicate.

2.24  NanoString nCounter miRNA Assay

NanoString nCounter Human miRNA V3 assay was performed according to the
manufacturer’s instructions (GXA-MIR3-12, NanoString Technologies) at CanSyL
of METU. Human mature miRNAs (n=799), positive controls (n=6), negative
controls (n=8), ligation controls (n=6), and MRNA housekeeping controls (ACTB,
B2M, GAPDH, RPL19 and RPLPO0) were analyzed. All normalization steps were
performed according to the manufacturer’s instructions. Significance was calculated
using an unpaired t-test for the three technical replicates. Altered miRNA expression
levels were determined based on p-value (p<0.05) and fold change (<0.6 and >1.5).
Biological pathways affected by miRNAs were determined using DIANA TOOLS
mirPath v.3 (Vlachos et al., 2012).

2.25 miRNA Expression Analysis

cDNAs were synthesized from total RNA with TagMan MicroRNA Reverse
Transcription Kit (Applied Biosystems, 4427975) according to the manufacturers’
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recommendations. TagMan Universal Master Mix Il (Applied Biosystems, 4440040)
was used with uniqgue miRNA probes; hsa-miR-27b (assay ID: 000409) and
endogenous control RNU43 (assay I1D: 001095). MIQE guidelines were followed
(Bustin et al., 2009). Reaction efficiency correction and the AACq method was used

for quantification.
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CHAPTER 3

RESULTS

3.1 De-regulation of HNRNPAL expression in Breast Cancer

To determine the expression of HNRNPA1 in normal breast tissues, The Genotype-
Tissue Expression (GTEX) database was analyzed for normal tissue expression
(Carithers & Moore, 2015). In normal mammary tissue, several HNRNPA1 isoforms
were identified (Figure 3.1, A). The dominantly expressed isoforms are
ENST00000547566.1 (isoform 1), ENST00000330752.12 (isoform 2) and
ENST00000547276.5 (isoform 3) (Figure 3.1, A and B). The Human HNRNPA1
locus seems to produce several isoforms, some alternatively spliced and others by
APA (alternative polyadenylation) (Figure 3.1, A). However, when turned to TCGA
(performed by Didem Naz Doken), it is clear that isoform 1 is significantly
downregulated in breast cancers (p<0.0001) and is the least expressed one in breast
cancer tissues. In contrast, isoform 2 showed the opposite pattern in normal breast
and breast cancer tissues (Figure 3.1, B). These results suggested that 3’end isoforms
of HNRNPAL1 existed (Figure 3.1, B), and their ratio of expression is altered in breast

cancers.
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Figure 3.1. HNRNPAL isoforms and their expression in tissues A. Existence and
expression of HNRNPA1 mRNA isoforms in normal breast tissues B. Expression of
HNRNPAL isoforms (1, 2, and 3) in normal breast tissue. Expression data were
obtained from the GTEx Portal (Carithers & Moore, 2015) (p<0.000, one-way
ANOVA) on the left. Expression and schematic representation of HNRNPA1
isoforms (1, 2, and 3) in TCGA breast cancers dataset (retrieved from
http://gdac.broadinstitute.org) (p<0.0001, one-way ANOVA) on the right. C. Overall
MRNA expression of HNRNPAL in breast cancer patients compared with normal
breast tissue shows no significant difference (Data taken from http://firebrowse.org/)
(Left). Log SLR score of HNRNPAL is significantly increased in breast cancer
patients compared with normal breast tissue (p<0.0001) in GSE31519, GSE2034,
and GSE7390 analyzing microarray dataset via APADetect (Middle). Signals from
the probe set (ID: 224280 x at) recognizes 3’UTR of isoform 1
(ENST00000547566.5). Expression of isoform 1 was low in breast cancer patients
(p<0.0001, unpaired t-test with Welch's Correction) (Right).

Interestingly, without considering isoforms, there was no change in the overall
HNRNPAL expression (Figure 3.1 C, left panel). However, an altered isoform ratio
was detected when breast cancer patient data were analyzed using an in-house
algorithm, APADetect, to distinguish transcripts with different poly(A) ends. An
increased SLR (Total isoform/isoform 1 ratio) score (Figure 3.1 C, middle panel)
was due to the decrease in expression of Isoform 1 in breast cancer patient array data
(GSE31519, GSE2034, and GSE7390) (Figure 3.1 C, right panel).
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3.2 Confirmation of APA Events of HNRNPAL1 via 3’ RACE

The 3’UTR isoforms of HNRNPALl detected in silico data needed to be
experimentally proven. To confirm the existence of HNRNPA1 isoforms ending with
different poly(A) sites, 3’RACE PCR was performed using 3’RACE 1 and
3’RACE 2 primers as detailly described in the Materials and Method chapter (Figure
3.2, A). Shortly, 3’ RACE-specific cDNA was synthesized from MCF7 and MDA-
MB-231 RNA samples using a RACE oligo dT-anchor primer. The first 3’RACE-
PCR was conducted with 3’RACE 1 and Anchor-R primers. Then, the first
3’RACE-PCR product was used as a template for nested 3’RACE-PCR with a new
forward (3’RACE_2) and Anchor-R primers. The nested 3’RACE-PCR products
were on the agarose gel and gave the bands that would suggest the usage of P1, P2,

and P3 and the existence of isoforms 2, 3, and 1 (Figure 3.2, B).
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Figure 3.2. Detection of 3’UTR isoforms via 3’RACE-PCR. A. Gene structure of
HNRNPA1, poly(A) sites and location of 3’RACE primers and CDS primers. B.
Agarose gel images of 3’RACE PCR confirmed the usage of poly(A) sites 1, 2, and
3. isoform 3 uses Poly(A) site 2 (P2) with long 3’UTR, isoform 2 uses P1 with short
3’UTR, and isoform 1 uses P3 with 2 exons at the end. NTC: No template reaction.

To further verify the existence of 364bp (isoform 1), 500bp (isoform 2), and 853bp
(isoform 3) products, these bands were gel extracted and inserted into the pGEMT
vector by using the A/T cloning technique. Finally, these products in pPGEMT vectors
were sequenced for verification. Sequencing the PCR products for isoform 1, 2, and
3 verified the 3’ends of isoforms with the poly(A) site 3, 1, and 2 with Poly(A) site
ID Hs.546261.1.23, Hs.546261.1.27 and Hs.546261.1.20 respectively (Figure 3.3).
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967 CAGAAGCTCTGGCCCCTATGGCGGTGGAGGCCAATACTTTGCAAAACCACGAAACCAAGE
1027 TGGCTATGGCGGTTCCAGCAGCAGCAGTAGCTATGGCAGTGGCAGAAGATTTTAATTAGG
1087 AAACAAAGCTTAGCAGGAGAGGAGAGCCAGAGAAGTGACAGGGAAGCTACT GGTTACAAC B-

1147 AGATTTGTGAACTCAGCCAAGCACAGTGGTG GCAGGGCCTAGCTECTACAAAGAAGACAT 967 CAGAAGCTCTGGCCCCTATGGCGETEGAGGCCAATACTTTGCAAAACCACGAAACCAAGG

1207 GTTTTAGACAAATACTCATGTGTATGGGCAAAAAACTCGAGGACTGTATTTGTGACTAAT 1027 TGGCTATGGCGGTTCCAGCAGCAGCAGTAGCTATGGCAGTGGCAGAAGATTTTAATTAGG
1267 TGTATAACAGGTTATTTTAGTTTCTGTICTS TGGAAAGTGTAAAGCATTCCAACAAAGGS 1087 AAACAAAGCTTAGCAGGAGAGGAGAGECAGAGAAGTGACAGGGAAGCTACAGGTTACAAC
1327 TTTTAATGTAGATTTTTTTTTTTGCACCCCATGCTGTTGATTGCTAAATG TAACAGTCTG 1147 AGATTTGTGAACTCAGCCAA GCACAGTGGTGGCAGGGCCTAGCTGCTACAAAGAAGACAT
1387 ATCGTGACGCTG TETCTTTTTTTTAAAAAAAAAAAAAAAAGTCGACATCGATAC 1207 GTTTTAGACAAATACTCATGTGTATGGGCAMAAACTCGAGGACTGTATTTGTGACTAAT
1447 GCGTGGTC 1267 TGTATAACAGGTTATTTTAGTTTCTGTICTGTGGAAAGTGTAAAGCATTCCAACAAAGGG

P1-poly(A)-Site
1327 TTTTAATGTAGATTTTTTTTTTTGCACCCCATGCTGTTGATTGCTAATG TAACAGTCTG

1387 ATCGTGACGCTGAATAAATGTCTTTITTTTAATGTGCTGTGTAAAGTTAGTCTACTCTTA
1447 AGCCATCTTG GTAAATTTCCCCAACAGTGTGAAGT TAGAATTCCT TCAGGGTGATGOCAG
C 1507 GTTCTATTTGGAATTTATATACAACCTGCTTGGGTAGAGAAGCCATTGTCTTCGGAAACC

1567 TTGGTGTAGT TGAACTGATAGTTACTGTIGTGACCTGAAGT TCACCATTAAAAGGGATTA

967 CAGAAGCTCTGGCCCCTATGGCGGTGGAGGCCAATACTTTGCAAAACCACGAAACCAAGG 1627 COCAAGCAAAATCATGEAATGETIATAAAAGTGATTGTTGGCACATCCTATGCAATATAT

1027 TGGCTATGGCGGTTCCAGCAGCAGCAGTAGCTATGGCAGTGGCAGAAGATTTTAATTAGG oo T AAATTCAATATGETACCAGATAA MT TATAGATG G GAATGAA GETTGTGTATECATT

1747 ATCATGTGTAATC COATTTAATTCTCTTG-AAAAAAAAAAAAAAAGTCGACATC
1087 GAGGAGTCTGCTACTAGTCTTATCAGCTCTTAAAAACAGAAACTCATCTGTCCAAGTTCG
1807 GATACGCGTGGTC

1147 TGGCAGAAAGGAACGTCCTTGTGAAGACCTTTATCTGAGCCACTGTACTTCGTTATCACT P2-poly(A)-Site
1207 GCCATGCAGTTTACATGAGCTGTTCTGCAGCTCAAATTCCATTTIGTGAATGGGTTTTTT
1267 TTTTT CTGTATTTAACTC AAAAAAAAAAAAAAAAGTCGACATCGATACGCGTGG

1327 TC
P3-poly(A)-Site

Figure 3.3. Sequencing of the 3’RACE-PCR products: A. 500bp (isoform 2 with P1-
poly(A)-site), B. 853bp (isoform 3 with P2-poly(A)-site), and C. 364bp (isoform 1
with P3-poly(A)-site) products revealed the existence of the different 3’UTRs and
poly(A) site usage. The Underlined Sequence is RACE_2 Primer. Italic Sequence is
3’UTR. Poly(A) Sites are red sequences. Poly(A) Signal: AATAAA. Missing
Nucleotide: - (Green Dash) and Mismatch: T (Green Nucleotide).

3.3 Confirmation of CDSs of HNRNPAZ1 Isoforms

The CDS isoforms of HNRNPA1l shown in GTEx data (Figure 3.1, A) was
experimentally validated. PCR was performed with MCF10A cDNA using cloning
primers for HNRNPA1 (Figure 3.4, A). Subsequently, cDNA was synthesized from
MCF10A RNA samples using an oligo dT-primer. The PCR was conducted with the
cDNA with cloning primers. Then, the PCR products were run on agarose gel and
the bands were sequenced (Appendix B), showing two HNRNPA1 CDSs with/out
exon 8 (Figure 3.4, B). The same agarose gel results were obtained from PCR of
MDA-MB-157 cDNA and gradient PCR of MCF10A cDNA using with same
cloning primers (Appendix C, Figure 4.3). Sizes of exon 8 included and excluded

CDSs are 1119, and 963 nucleotides, respectively, and exon 8 excluded CDS was
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the predominant one. Moreover, only these two CDSs resulting from alternative
splicing were detected, and other CDS isoforms seen in GTEx data were not
detected. These two coding sequences of HNRNPAL transcripts produce two protein
isoforms, HNRNPA1-B with NP_112420.1 accession number (the full-length
isoform of 372 amino acids, 38 kDa) and HNRNPA1-A with NP_002127.1
accession number (the shorter variant, missing residues 253 to 303, exon 8, creating
320 aa protein, 34 kDa) (Available from: https://www.ncbi.nlm.nih.gov/gene/3178).

A.

Poly (A) Sites: P1, PZ and P3
CDS Cloning F Primer CDS Cloning R Primer

> - P1 P2 P3
—| I—. -—.—.+.—.—r—--—l—- HNRNPA1 Gene
1 2 3 4 5 6 7 8 9 10 11

12 13 Exon

B.

Exon B included CDS: 1119bp

-1+

Exon 8

Exon 8 included CDS: 1119bp

1000 bp
Exon 8 Excluded CDS: 963bp

Exon 8 Excluded COS: 963bp

o0 o -——-—a---—a-

Figure 3.4. Detection of CDS isoforms via PCR. A. Gene structure of HNRNPAL,
poly(A) sites, exon number, and location of CDS cloning primers (CDS Cloning F
and R Primers). B. Agarose gel images of PCR confirmed two HNRNPA1 CDSs
with/out exon 8. NTC: No template reaction.
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3.4 Isoform Switch of HNRNPAL in Breast Cancer Cell lines and Tissues

Switch from isoform 1 to other isoforms in cancer progression (GTEx and TCGA
data) was determined. This switch was also represented as an SLR value (total
isoforms/isoform 1) in probe-based microarray data. After confirming 3’UTR
HNRNPAL1 isoforms by 3’RACE-PCR, the switch from isoform 1 to other isoforms
in a panel of breast cancer patient cDNAs (n=25) were assessed via RT-qPCR. An
increased ratio of isoform 2 and 3 compared to isoform 1 was determined in

approximately 90% of patient samples compared to normal (Figure 3.5).

t o - == - et =t - -l b - -l o

i

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

(Isoform 2&3)/Isoform 1
»

Figure 3.5. Isoform switch in breast cancer patients. The ratio of HNRNPA1
isoforms in a panel of breast cancer patient cDNAs (Origene Breast cDNA array 1V).
(n=1 due to limited material). The fold change for the isoforms was normalized
against the reference gene, RPLPO, and normalized to normal breast tissue RNA
(Thermo Fisher Scientific). The ratio was calculated as the expression of isoforms 2
and 3 to that of isoform 1.

3.5  The effects of different 3’UTRs on Protein Expression

Overall, isoform 1 is the most dominant in normal breast tissue, whereas other 3’end

isoforms are also expressed. However, the ratio of these isoforms (total or other
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isoforms/isoform 1) drastically shifts in breast cancer patients. After confirming the
existence of these isoforms, the reason or benefit of this isoform switch needed to be

clarified.

351 Coding Potentials of Isoforms

Surprisingly, isoform 1 is indicated as a non-coding variant and an NMD transcript
(NR_135167). However, all isoforms share the same CDS so the Coding Potential
of all three isoforms was calculated. Coding potential results show that the coding
potential (~6.07) of isoform 1 has the highest value far from the coding potential (~
-0.95) of XIST, which is non-coding RNA (Table 3.1).

Table 3.1. Coding potential values of HNRNPA1 variants. XIST is a well-known
non-coding RNA.

RNA Coding Score
Isoform 1 6.06596
Isoform 2 6.04313
Isoform 3 5.91468
XIST -0.94523

Hence, it was thought that isoform 1 may be mistakenly identified as a non-coding

transcript but recorded the NMD isoform definition for this isoform.

3.5.2 Ectopic expression of HNRNPAL Isoforms

To experimentally test the coding potential, all HNRNPA1 isoforms (isoform 1-3)
were cloned into pcDNA 3.1 (-) as a fusion with hemagglutinin (HA tag) along with
their 3’UTRs (Figure 3.6, A) and expressed in MCF7 and MDA-MB-231 cell lines
for 48 hours (Figure 3.4, B). Western blot analysis revealed that isoform 1 is not a
non-coding RNA and was translated into protein, yet isoform 1-3’UTR transfected
MCF7 and MDA-MB-231 cells had lower protein levels than the other two isoforms
(Figure 3.6, B).
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a. HA-A1-CDS
b. HA-A1-3'UTR Isoform 2
c. HA-A1-3'UTR Isoform 3

d. HA-A1-3'UTR Isoform 1

B.
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Figure 3.6. Ectopic expression of HNRNPA1 isoforms. A. Schematic representation
of HA-tagged HNRNPAL1 CDS with/out isoform-3’UTR sequences cloned into
pcDNAS3.1 (-) expression vector. B. Western blotting results indicating the ectopic
expression level of HNRNPALl in MCF7 and MDA-MB-231cell lines and
densitometric analysis of the western bands are given below the blots. The construct
with 3’UTR of isoform 1 had a 58% low protein level in MCF7 cells (p<0.0005, one-
way ANOVA, n=3) and a 45% low protein level in MDA-MB-231 cells (p<0.005,
one-way ANOVA, n=3) level compared to isoform 2. ACTB antibody was used as
a protein loading control. EV: empty vector.

3.5.3 Effects of HNRNPA1 3’UTRs on Luciferase Activity

To further test whether the 3’UTR of isoform 1 has a negative effect on protein

42



levels, 3’UTRs of isoform 1, 2, and 3 were cloned into the firefly luciferase vector
and transfected into MCF7 and MDA-MB-231 cells. The isoform 2 and 3-3’UTR
constructs had a significantly higher luciferase activity than the isoform 1-3°'UTR
construct (Figure 3.7, A, and B). These results suggested that isoform 1 transcript
compared with other isoforms may correlate with lower protein levels. (Figure 3.7,
B).

A.
a EV
b. Isoform 2-3'UTR
. Isoform 3-3UTR
d. Isoform 1-3UTR
B.

p<0.0001 p<0.005
wdokk *k

2.04 P:D;D'OP e p<0.01

Firefly/Renilla Ratic
Firefly/Renilla Ratio

MCF7 MDA-MB-231

Figure 3.7. Dual-luciferase reporter assay: Effects of isoform 1, 2, and 3-3’UTRs on
luciferase activity in MCF7 (A) and MDA-MB-231 (B). 3’UTR vectors or pMIR-
empty vectors were co-transfected with phRL-TK. Dual-luciferase assay was
performed 24 hours after transfection. Firefly/Renilla luciferase read-outs from the
constructs were normalized to that of empty pMIR, which was set to 1. The construct
with 3’UTR of isoform 1 had 60% low luciferase activity compared to isoform 2
(p<0.0001, one-way ANOVA, n=3) in MCF7 cells and MDA-MB-231 cells
(p<0.005, one-way ANOVA, n=3).

The question was, “Why is isoform 1 translated less?”. Several factors affect the
translation of an mMRNA. Alternative binding of miRNAs and RNA-binding proteins
(RBPs) could impact protein levels because the only difference among the
HNRNPAT isoforms is the 3’UTRs.
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3.6  Effects of miRNA Binding Sites on Luciferase Activity

Question is whether isoform 1 mRNA is regulated by miRNAs. TargetScan tool was
used for determination of miRNA binding sites on 3’UTR of isoform 1 (Figure 3.8,
A). miR-24-3p seed sequence and miR-34-5p seed sequences were individually
deleted on 3’UTR of isoform 1 via SDM-PCR. Luciferase activities of deleted
constructs were measured in MDA-MB-231 cells. Luciferase results showed that

these miRNAs did not affect the translation of isoform 1 (Figure 3.8, B).

A.

Isoform 1—3’UTR

hsa-miR-24-3p hsa-miR-34-5p/hsa-miR-449-5p
22-128

——100-106 — 1 P3

| Luciferase ‘

2.09

Firefly/Renilla Ratio

0.5+

]

Figure 3.8. Effects of miRNA binding sites on luciferase activity A. miRNA binding
sites on isoform 1-3’UTR were determined by TargetScan. B. Dual-luciferase
reporter assay: Effects of deletion of miR-24-3p and miR-34-5p seed sequence on
isoform 1-3’UTR on luciferase activity in MDA-MB-231 cells.
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3.7  Effects of RBP Binding Sites on Luciferase Activity

Next, whether RBPs regulate the 3’UTR of isoform 1 was tested. First, 3’UTR of
isoform 1 was divided into 2 parts (A and B) and then part A was further sub-cloned
into 2 parts (A1 and A2) (Figure 3.9, A). These 3’UTR parts of isoform 1 were cloned
into luciferase vector to figure out which part of the 3’UTR has a negative effect on
translation. Part A of isoform 1-3’UTR almost diminished the luciferase activity
while 2. half of isoform 1-3’UTR had the same luciferase as isoform 1-full 3’UTR
(Figure 3.9, A). Thus, part A of isoform 1-3’UTR was focused on and divided into
2 parts (Al and A2) (Figure 3.9, A). Both part Al and A2 had recovered luciferase
activity as empty vectors (EV). This result showed that part A of isoform 1-3°'UTR
needed to be focused on. RBPmap webserver (Paz, Kosti, Ares, Cline, & Mandel-
Gutfreund, 2014) and RPBDB database (Cook, Kazan, Zuberi, Morris, & Hughes,
2011b) were used to detect RNA-binding proteins (RBPs) targeting the part A of
isoform 1-3’UTR and RBPs were shown on the part A of isoform 1-3’UTR (Figure
3.9, B). These sites were deleted with site-directed mutagenesis (one site and two
sites were deleted). None of these modifications caused any significant increase in

luciferase activity of isoform 1-3’UTR (Figure 3.9, B).
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Figure 3.9. Effect of RBP binding site on luciferase activity. A. Isoform 1-3’UTR
fragments that were cloned downstream of the luciferase gene. Dual luciferase
reporter assay: Effects of isoform 1-3’UTR fragments on luciferase activity in
MCF7. A. Isoform 1-3’UTR fragments that were cloned downstream of the
luciferase gene. B. Dual-luciferase reporter assay: Effects of deletion of RBP sites
on isoform 1-3’UTR and its fragments on luciferase activity in MCF7. (ns, one-way
ANOVA, n=3).
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3.8 Stability of HNRNPA1 3’UTR Isoforms

To understand the reason behind low protein synthesis, half-lives of MRNA isoforms
were then focused on. mMRNA levels of HNRNPA1 isoforms were assessed via RT-
gPCR following actinomycin D (ActD) (an inhibitor of transcription (Sobell, 1985))
treatment for 12 h to prevent new transcription. The results indicated that isoform 1
is the least stable isoform like MYC mRNA, a well-known control used in ActD
treatments due to its short half-life. the other isoforms were still stable after 12 h in
both MCF7 and MDA-MB-231 cells (Figure 3.10, A). Furthermore, mRNA
abundances of HNRNPAL isoforms were determined following ActD and/or
cycloheximide (an inhibitor of ribosomal elongation (Schneider-poetsch et al.,
2010)) treatment of MCF7 and MDA-MB-231 for 3 h to prevent new transcription
and/or translation. Interestingly, cycloheximide treatment for only 3 h had a more
than 3.5 fold and 7.5 fold recovery in MCF7 and MDA-MB-231 cells respectively,
only for isoform 1 but not for other isoforms (Figure 3.10, B). These results indicate
that isoform 1 is degraded through its translation as cycloheximide inhibits mMRNA
decay (Beelman & Parker, 1994). Hence it is possible that isoform 1 is regulated

through NMD despite lacking a premature stop codon.
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Figure 3.10. Stabilities of isoforms. The remaining HNRNPAL transcripts were
detected by RT-gPCR. RPLPO as a stable mRNA and MYC as an unstable mRNA
were used as controls. A. Cells were treated with 10 pug/mL actinomycin D (ActD)
for 12 hours to prevent transcription. (This experiment was conducted by my lab-
mate Ibrahim Ozgiil). B. Cells were treated with 2 pg/mL ActD and/or
cycloheximide (CHX, 100 pg/mL) for 3 hours to prevent transcription and
translation. EtOH (Ethanol) and DMSO are carrier controls. Cells were collected and
RNA was isolated for RT-gPCR (*p<0.05, **p<0.01, ***p<0.001, ****p<0.0001,
ns: not significant, n=3 independent experiments, student’s t-test).
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3.9 Effect of HNRNPA1 3°’UTR Isoforms on Protein Localization

Different 3’UTR lengths and sequences provide platforms for binding and
interaction of different RBPs. Moreover, these 3’UTRs may affect its protein to
interacting protein partners, which affects the protein function and protein
localization. The long 3’UTR of BRIC mRNA recruits the specific factors which
determine BRIC protein functions besides its 3’UTR-independent functions (Lee &
Mayr, 2019). Another example is CD47 protein localization. The long 3’UTR of
CD47 provides binding sites for the RNA-binding proteins HUR and SET to the site
of translation, which makes SET to interact with the newly synthesized cytoplasmic
domains of CD47 and causes CDA47 protein to be translocated to the cell membrane
through activated RAC1 (Berkovits & Mayr, 2015). To reveal whether 3’UTRs of
HNRNPA1 isoforms affect the localization of HNRNPAL protein,
immunocytochemistry (ICC) technique was used to determine protein localization.
HNRNPAT1 CDS as a fusion with HA tag and their different 3’UTRs were previously
cloned into pcDNA 3.1 (-) (Figure 3.6, A) and these constructs were used to transfect
MCF7 cells for 48 h. First, transfected MCF7 cells were incubated with rabbit anti-
HA-tag monoclonal antibody and then stained with the Alexa fluor® 488-conjugated
goat polyclonal anti-rabbit IgG secondary antibody. After that, cells were
counterstained with a fluoroshield mounting medium with DAPI, which is a well-
known nuclear staining dye. ICC images revealed that 3’UTRs of HNRNPA1 did
not have any role in the localization of HNRNPAL protein. HNRNPA1 protein was
localized to the nuclei of all three constructs transfected into MCF7 cells (Figure
3.11).
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Figure 3.11. Subcellular localization of HNRNPA1 protein translated from isoforms.
After 48 hours of transfection, HA-tagged HNRNPAL translated from isoform 1,
isoform 2, and isoform 3 (CDS+3’UTRs) were detected by immunocytochemistry in
MCF7 cells. Alexa (HA-HNRNPA1): Green, DAPI: Blue. Scale bars: 10 pum. Unt:
Untransfected MCF7 cells, EV: Empty vector (pcDNA 3.1 (-)) transfected MCF7
cells.
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3.10 Effect of HNRNPAL1 Protein Level on Patient Survival

These results indicated that isoform 1 is a less stable and rapidly degraded mRNA.
It is thought that the dominantly expressed isoform 1 better modulates the protein
level of HNRNPAL in cells in normal tissue. However, the unstable isoform 1 is
expressed at a low level in breast cancers while isoform 2 is overexpressed. Thus,
the HNRNPAL isoform expression pattern is switched in breast cancer cells
compared to normal tissue. This switch would indicate upregulation of HNRNPA1
protein. Therefore, relation between patient survival data and HNRPAL protein
levels is investigated. High and low HNRNPAL protein expressions are indeed
correlated with the poor prognosis of patients with hazard ratios of 2.8 (p=0.019 and
50% FDR) (Figure 3.12, A) (Lanczky & Gyorffy, 2021). Hence, high HNRNPA1
protein levels in these patients correlated with decreased survival, strengthening the
significance of the oncogenic role of HNRNPA1. However, it is needed to emphasize
the importance of isoform level gene expression in such analyses. For example, the
overall HNRNPA1 mRNA level detected (214280 x_at) does not correlate with
relapse-free survival; however, isoform-specific re-analysis of the same dataset
(GSE31519) with a different probe set (200016_x_at) targeting the highly translated
isoform 2 and 3 indicates a correlation with relapse-free survival of patients (Figure
3.12, B and C).
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Figure 3.12. Patient survival curve upon HNRNPAL expression. A. Kaplan-Meier
plots for breast cancer patients with high (red) and low (black) HNRNPAL protein
(p=0.019, HR=2.8, and FDR=50%) retrieved from KM plotter. (Available from
https://kmplot.com/). B and C. Relapse free survival rates of TNBC patients with
high (highest 25%) (blue line) or low (lowest 25%) (yellow line) B. Total isoform
expression of HNRNPAL1 for 120 months (10 years). Total HNRNPAL expression
does not have any effect on Relapse Free Survival in the GSE31519 dataset (probe
set ID 214280 _x_at). C. Expression level of HNRNPAL isoform 2&3 for a period of
120 months (10 years). Hazard ratios (95% CI) were 2.709 (p<0.0001) survival plot
based on HNRNPA1 expression in the tumor tissue using data from the GSE31519
dataset with probe set ID 200016 _x_at.
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3.11 Phenotypic Effects of HNRNPA1 on MDA-MB-231 Cells

After determining the negative correlation between HNRNPAL protein levels and
patient survival, it is vital to experimentally determine the phenotypic effects of
HNRNPAL expression in MDA-MB-231 cells.

3.12 Silencing of HNRNPAL in MDA-MB-231 Cells

To reveal the role of HNRNPAL gene on phenotypic characteristics of cells, stably
HNRNPAL silenced cells were generated. For this purpose, MDA-MB-231 cells
seeded in 6-well plates were transfected with pSuper A1shRNA (Alsh 1 and Alsh
2) or NTshRNA (NT) and transfected cells were selected and maintained with G418.
Monoclonal cells were expanded. HNRNPA1 silencing was detected by western
blotting in the Alsh 1 and Alsh 2 monoclonal population compared to the NT as a
control (Figure 3.13).

p<0.001
1.5+ k¥

MDA-MB-231 pe0.00s

NT Alsh1l Alsh2

Arbitrary Unit

HNRNPAL | D W S | 34 kD2

ACTB | SN A S | 42 kDa

Figure 3.13. Silencing of HNRNPAL protein levels and function in breast cancers.
Two monoclonal populations (Alsh 1 and Alsh 2) are shown with decreased
HNRNPAL1 protein levels, and non-targeting (NT) shRNA transfected cell was used
as a control. Same blots were hybridized with ACTB antibody to test sample loading.
The image is representative of 3 independent experiments. Graphs show
densitometric quantification of bands (**p<0.01, ***p<0.001; n=3, one-way
ANOVA, Tukey's HSD).
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3.13 Role of HNRNPAL in Clonogenicity and Motility of MDA-MB-231

After silencing of HNRNPAL1 in MDA-MB-231 cells was confirmed by western
blotting, 1 x 102 MDA-MB-231/NT and Alsh (Alsh 1 and Alsh 2) cells were seeded
as triplicates on 6-well plates and were cultured for 14 days to assess the colony
formation capacity of the cells. Cell colonies were stained with crystal violet and
photographed. The visible colonies were counted via the count and Plot HIstograms
of Colony Size (countPHICS) (Brzozowska et al., 2019). HNRNPA1 silencing
significantly decreased the number of colonies formed by MDA-MB-231 cells
(***p<0.001) (Figure 3.14, A).

The motility of MDA-MB-231 cells was assessed via wound healing assay after the
HNRNPAL knockdown. MDA-MB-231/NTsh (NT), Alsh 1 and Alsh 2 cells were
grown on a 6-well plate to 100% confluency. Confluent cell layers were wounded
by a pipette tip. Cells were monitored for up to 2 days for wound closure. Images
were captured and wound width measurements were measured. ImageJ software
measured the wound closure areas (Schneider et al., 2012). Wound closure results
showed the silencing of HNRNPAL decreased the motility of MDA-MB-231 cells on
day 1 and day 2 (****p<0.0001 and ****p<0.0001) compared to NT cells (Figure
3.14, B).
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Figure 3.14. HNRNPAL protein levels and function in breast cancers. A. Colony
formation of NTsh and HNRNPAZ1sh cells in 14 days of seeding in MDA-MB-231
cells. Colonies were counted and analyzed using CountPHICS software
(***p<0.001; n=3 independent experiments, one-way ANOVA, Tukey's HSD). B.
Effect of HNRNPA1 silencing on wound healing property of cells. A pipette tip
scratched cell layers in each well. Closure of wounds in each well was examined on
days 0, 1, and 2. (****p<0.0001 and ****p<0.0001; n=3, one-way ANOVA, Tukey's

HSD).
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3.14 Role of HNRNPAL in Proliferation, Migration and Invasion of MDA-
MB-231

The effect of HNRNPAL1 silencing on cell proliferation was investigated via MTT
cell proliferation assay. In this assay, stably (NT and Alsh) transfected MDA-MB-
231 cells were cultured on 96-well plates for 3 days. MTT cell proliferation assay
was performed on day 0 and day 3. Absorbance values were measured at 570 nm
wavelength with a Multiskan GO Microplate Spectrophotometer (Thermo Fisher).
MTT cell proliferation assay results showed that HNRNPA1 silenced cells
proliferated significantly slower than the NT transfected ones at day 3 (*p<0.05)
(Figure 3.15, A)

Migration and invasion assays were performed using a Transwell system without
and with matrigel respectively. NT and Alsh MDA-MB-231 cells in 100 ul of
DMEM supplemented with 1% FBS were seeded in the transwell insert and complete
medium (DMEM supplemented with 10% FBS) was added to the wells of the 24-
well plate well. Cells were incubated at 37°C for 15 hours in migration and 18 hours
for invasion assay. The cells on the apical surface of the transwell’s membrane were
removed and the membrane was stained with Giemsa dye. Then, the membrane was
observed and photographed under the microscope. The cells passed through/in the
membrane were counted. Both assay results indicated that HNRNPAL silenced
MDA-MB-231 cells showed significantly less migratory and invasive characteristics
compared to NT transfected cells (****p<0.0001 and ***p<0.001, respectively)
(Figure 3.15, B).
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Figure 3.15. HNRNPAL1 functions in breast cancers. A. Effect of HNRNPAL silencing
on proliferation rates detected by MTT (*p<0.05; n=3 independent experiments, one-
way ANOVA, Tukey's HSD). B. Effect of HNRNPAL knockdown on cell migration
and invasion in MDA-MB-231 cells. Cells passed through the transwell and/or
Matrigel were counted (****p<0.0001 and ***p<0.001; n=3 independent
experiments, one-way ANOVA, Tukey's HSD).

3.15 Effect of HNRNPAL1 Silencing on miRNAs in MDA-MB-231 Cells

The results of phenotypic experiments showed that HNRNPA1 plays a role in wound
healing, motility, proliferation, migration and invasion features of MDA-MB-231.
Also, HNRNPAL is a member of RNA-binding protein family and has a major role
in MRNA biogenesis (Dreyfuss, 1993; Pinol-Roma et al., 1988). To investigate the
effect of HNRNPAL on phenotypic properties of MDA-MB-231 through the miRNA
biogenesis, miIRNA levels in NT and Alsh MDA-MB-231 cells were determined via
NanoString nCounter miRNA panel. The expression levels of 34 out of 798 miRNAs
in the NanoString panel changed (> 1.5-fold or < 0.67-fold) upon silencing of
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HNRNPAL in MDA-MB231 cells (Figure 3.16, A). Among these 34 miRNAs, whose
expressions were altered upon the silencing of HNRNPA1, 32 miRNAs were
downregulated, and 2 of them were upregulated (Figure 3.16, A and B). 19 of these
miRNASs were intergenic, 12 were intronic and 2 were exonic, and 1 miRNA was in
the 3'UTR region of a host gene (Figure 3.16, B).

To determine which cellular pathways are affected by these 34 miRNAs whose
expressions were changed by HNRNPAL1 silencing in MDA-MB-231 cells, DIANA
mirPath  v.3  pathway  analyzer  tool (available  at  http://snf-
515788.vm.okeanos.grnet.gr/) was used. Pathways in cancer, proteoglycans in
cancer, focal adhesion, regulation of actin cytoskeleton, endocytosis, PI3K-Akt, Ras,
MAPKZ1, Rap and cCAMP signaling pathways (Figure 3.16, C) were enriched.
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Figure 3.16. Effect of HNRNPAL silencing on miRNAs. (A) RNA isolated from
HNRNPA1-silenced, and control cells were detected by the NanoString miRNA
panel. Heatmap shows miRNA expression fold changes (<0.6 and>1.5) in
HNRNPA1sh (Alsh) MDA-MB-231 cells. (B) Pie charts visualize the proportion of
differentially expressed miRNAs grouped according to their genomic features in
HNRNPA1sh (Alsh) MDA-MB-231 cells (blue color for the intronic miRNAs,
orange for exonic miRNAs, gray for intergenic, and yellow for miRNAs located in
3’UTRs of host genes). (C) Biological pathways affected by miRNAs whose
expression levels were changed upon long-term HNRNPAL silencing in MDA-MB-
231 were determined by DIANA-mirPath.

3.16 Regulation of miR-27b Expression by HNRNPAL in Breast Cancer

miR-27b-3p was one of the interesting miIRNAs with decreased expression by
HNRNPAL silencing in MDA-MB-231 cells (Figure 3.16, A). Results of analysis of
99 TNBC patients’ data, in Vvitro and in vivo experiments indicate that miR-27b-3p
favors TNBC progression and metastasis by inhibiting peroxisome proliferator-
activated receptor gamma (PPARG); thus, miR-27b-3p could be a potential
prognostic marker of TNBC (Shen et al., 2020). In addition, the inhibition of miR-
27b by stable expression of anti-miR-27b construct shows reduced cell proliferative,
anchorage-independent growth, migrative, and invasive characteristics of highly

invasive and metastatic breast cancer cell lines (MDA-MB-231) and decreases tumor
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growth and metastases in vivo (Jin et al., 2013). Similarly, in another study, over-
expression of the miR-23b-miR-27b-miR-24 cluster in poorly metastatic 4TO7 cells
promotes metastatic lung lesions (Jin et al., 2013). Likewise, another study indicates
that the inhibition of miR-27b by antagomirs in MDA-MB-231 decreases the cell
invasion by upregulating ST14 (suppressor of tumorigenicity 14) whereas miR-27b
overexpression promotes invasiveness of ZR-75-1 (moderately invasive breast
cancer cells) (Wang, Rathinam, Walch, & Alahari, 2009). Those studies show that

miR-27b has an oncogenic function in breast cancer.

3.17 Expression Level of miR-27b-3p in HNRNPAL Silenced MDA-MB-231
Cells

Nanostring results indicated that the mature miR-27b-3p level was decreased to 0.46
fold in HNRNPA1-silenced cells compared to control (Figure 3.17, A) (read counts
dropped from 654.17 to 296.5 after silencing of HNRNPAL). To confirm the
NanoString results, TagMan miRNA PCR was applied to Alsh and NT MDA-MB-
231 clones. TagMan miRNA PCR revealed significant decrease in miRNA-27b-3p
levels in Alsh MDA-MB-231 cells (*p<0.05, ****p<0.0001compared to NT MDA-
MB-231 one (Figure 3.13, B).
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Figure 3.17. Mature miR-27b-3p levels in HNRNPAL1 silenced cells. A. miR-27b-3p

count reads were decreased in HNRNPAL silenced MDA-MB-231 cells on the
NanoString miRNA panel. B. Mature miRNA levels in HNRNPAL silenced MDA-
MB-231 cells were detected by TagMan miRNA PCR (*p<0.05, **p<0.01,
****n<0.0001; n=3 biological replicates, one-way ANOVA, Tukey's HSD).

3.18 Effect of HNRNPAL Silencing on pri-miR-27b and Its Host Gene
(C90ORF3)

Human miR-27b is an intronic miRNA, and its gene is located in intron 14 of the
CI90RF3 gene (Figure 3.18 C). To decipher at which stage (transcription or
maturation) HNRNPAUL protein affects miR-27b-3p expression level, pri-miR-27b
level was determined by RT-gPCR using primers targeting the flanking regions of
miR-27b locus (Figure 3.18, C). RT-qPCR results revealed that HNRNPAL
knockdown decreased the pri-miR-27b (primary miRNA) level (Figure 3.18, A)
(Figure 3.17). Therefore, HNRNPAL affected the level of miR-27b-3p at

transcription but not during the maturation steps of miRNAs.

As MIR27b gene resides in CO9ORF3, the next question was whether MIR27b and
C90RF3 gene expressions are co-regulated by HNRNPAL protein. For this purpose,
expressions of C9ORF3 gene at RNA level were tested by RT-qPCR by using
primers targeting the exons 2 and 3, respectively (Figure 3.18, C). RT-gPCR results
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indicated that HNRNPA1 knockdown lowered COORF3 mRNA expression level
(Figure 3.18, B).

In agreement with these results, HNRNPA1 knockout via CRISPR/Cas9 in MDA-
MB-231 cells gave similar results (Appendix A, Table 4.11). MIR27b and C9ORF3
genes are possibly transcriptionally co-regulated by HNRNPAL.
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Figure 3.18. pri-miR-27b and C9ORF3 levels in HNRNPAL silenced cells. A. pri-
miR-27b and B. Host gene CO9ORF3 expression levels were quantified by RT-qPCR
(****p<0.0001; n=3 biological replicates, one-way ANOVA, Tukey's HSD). C.
Gene structure of host gene, miR-27b and primer positions are shown below the
graphs. F: Forward primer and R: Reverse Primer.

3.19 Effect of miR-27b Level on Patient Survival

miR-27b-3p expression level was upregulated by HNRNPAL protein in MDA-MB-
231 which is triple-negative breast cancer cell line, so the relation between miR-27b

level and ER-positive and negative patient survival were investigated. High miR-27
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expression is correlated with the poor prognosis of ER-negative patients with hazard
ratios of 1.7 (p=0.012 and 50% FDR) (Figure 3.19, A), but not with that of ER-
positive patients (Figure 3.19, B) (Lanczky & Gyorffy, 2021). These results could
suggest that correlation between high HNRNPA1 expression and the poor prognosis
of ER-negative patients may be regulated in one way via the effect of HNRNPAL on
the miR-27b level.
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Figure 3.19. Kaplan-Meier survival curve upon miR-27b expression. A. Kaplan-
Meier plots for ER-negative breast cancer patients with high (red) and low (black)
miR-27b level (p=0.012, HR=1.7, and FDR over 50%), retrieved from KM plotter.
B. Kaplan-Meier plots for ER-positive breast cancer patients with high (red) and low
(black) miR-27b levels. Data retrieved from KM plotter. (Available from
https://kmplot.com/).

Overall, HNRNPAL1 is described as a potent oncogene candidate in triple negative
breast cancers. Given its oncogenic roles, it was not clear how HNRNPA1
expression is deregulated in breast cancers. It is shown for the first time that an

isoform switch leads to oncogenic activation of HNRNPAL in breast cancers.
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CHAPTER 4

CONCLUSION

There is mounting evidence suggesting that alternative polyadenylation (APA) and
alternative splicing are involved in cancer progression in addition to well-known
mutations. APA and alternative splicing events can affect the protein expression,
function and profile via changing the 3’UTR sequence and length or coding sequence
of mRNA. These events may not have any influence on a gene expression but may
lead to a change in the isoform expression profile of the gene through switching one
isoform to another one of the same genes. Thus, understanding isoform switches
could put light on the unknown regulation mechanisms of cancer-related genes and

open new doors for diagnostic and therapeutic approaches.

Analysis of the GTEx database for normal tissue expression (Carithers & Moore,
2015) showed that many different MRNA isoforms of the HNRNPA1 gene exist due
to the alternative splicing and/or APA. When the TCGA data were analyzed, these
isoforms existed, but the expression pattern of these isoforms differs in tumors.
isoform 1 is the dominantly expressed isoform in normal tissue, while the expression
of isoform 2 is favored in breast cancer. All expressed HNRNPAL isoforms mainly
have different 3’UTRs. The 3’ends of HNRNPAT1 isoforms produced as a result of
APA were confirmed by 3’RACE PCR and sequencing. Our experimental and in-

silico approach confirmed an isoform switch for HNRNPAL in breast cancers.

To understand the reason why this isoform switch occurs in cancer progression, the
effect of these different 3’UTRs on gene expression at protein level was investigated.
These isoforms tagged with HA sequence were ectopically expressed in MCF7 and
MDA-MB-231 cells and HNRNPA1 protein levels were assessed via western
blotting using anti-HA antibody. Furthermore, 3’UTRs of isoforms were cloned

upstream of luciferase and the effect of 3’UTRs on luciferase activity was
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investigated. Both western blot and luciferase assay showed that isoform 1 was
leading to lower protein levels compared to the other two isoforms due to its distinct

3’UTR sequence.

The stabilities of the isoforms were compared in ActD treated MCF7 and MDA-MB-
231 viaRT-gPCR. It was found that isoform 1 was the least stable one, and its 3’UTR
makes the isoform less stable. Also, CHX was used to treat the cells to halt the
protein expression. Inhibition of translation by CHX treatment led to the elevated
isoform 1 level, suggesting that isoform 1 is degraded by translation. The expression
of the HNRNPAL gene at the protein level is seen to be regulated via APA, favoring

the more stable isoforms (2 and 3) in breast cancer.

The localization of HNRNPAL protein translated from isoforms with different
3’UTRs in MCF7 cells was determined via ICC technique. ICC images revealed that
HNRNPAZ1 protein was localized to the nuclei of all three constructs transfected into
MCEF7 cells. However, there is also a possibility that the 3°’UTRs of HNRNPAT may
affect the interacting protein partners and the functions of the HNRNPAL. For this
purpose, HA-tagged HNRNPAT1 proteins translated from isoforms (CDS+3’UTRs)
in MCF7 cells should be immunoprecipitated by anti-HA-tag monoclonal antibody

and the interacting proteins can be detected by mass-spectrometry.

Survival analysis also revealed the overexpression of HNRNPAL protein is
correlated with poor survival in breast cancer patients. Highly translated isoforms (2
and 3), of which the expressions were only detected by 200016_x_at probes, are also
correlated with poor patient survival. Similarly, in vitro silencing of HNRNPAL1 had
a negative effect on neoplastic phenotypes of MDA-MB-231 cells. Thus, more stable

and more translated HNRNPAL isoforms are present in breast tumors.

HNRNPAL is an RNA binding protein and has roles in RNA biology. To reveal the
mechanism of HNRNPAL oncogenic function, the HNRNPAL silencing cell model
was developed, and upon this silencing, affected miRNAs were determined via
NanoString nCounter miRNA panel. The expression of 34 different miRNAs was
altered by HNRNPAU1 silencing in MDA-MB-231 cells. Among these miRNAs, miR-
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27b-3p was selected to investigate further the effect of HNRNPAL silencing in MDA-
MB-231 cells. Parallel with NanoString results, TagMan miRNA PCR showed a
significant decrease in miRNA-27b-3p levels in HNRNPAL1 silenced MDA-MB-231
cells.

Overall, this thesis work highlights that isoform switches are part of the cancer
transcriptome. This perspective explains how oncogenes can be activated where
overall mRNA levels may not change. Therefore, isoform switch discovery in cancer
cells is a promising approach for discovering new cancer genes with biological
impact. The isoform switch described here for HNRNPAL1 may have further
implications for breast cancer and possibly other malignancies
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A. Primer lists

APPENDICES

Table 4.1. SDM-PCR primers.

Primer Name

Sequence (5°-3%)

KHSRP 55-58 F Primer

CTTAAAAACAGAAACTCATCTAAGTTCGTGGCAGAAAGGAAC

KHSRP 55-58 R Primer

GTTCCTTTCTGCCACGAACTTAGATGAGTTTCTGTTTTTAAG

KHSRP 80-83 F Primer

GTTCGTGGCAGAAAGGAACTTGTGAAGACCTTTATCTG

KHSRP 80-83 F Primer

CAGATAAAGGTCTTCACAAGTTCCTTTCTGCCACGAAC

PABPN1 37-46 F Primer

CGAACTTGGACAGATGAGTAAGAGCTGATAAGACTAGTAG

PABPNL1 37-46 R Primer

CTACTAGTCTTATCAGCTCTTACTCATCTGTCCAAGTTCG

PABPN1 85-94 F Primer

GGCAGAAAGGAACGTCCTTTTATCTGAGCCACTGTA

PABPN1 85-94 R Primer

TACAGTGGCTCAGATAAAAGGACGTTCCTTTCTGCC

Pum?2 106-115 F Primer

CTTGTGAAGACCTTTATCTGAGCCGTTAAAGCTTAATAAAGGATCTT

Pum?2 106-115 R Primer

AAGATCCTTTATTAAGCTTTAACGGCTCAGATAAAGGTCTTCACAAG

miR24-3p Del F Primer

GGAACGTCCTTGTGAAGACCTTTATACTGTACTTCGTT

miR24-3p Del R Primer

AACGAAGTACAGTATAAAGGTCTTCACAAGGACGTTCC

miR34-5p Del F Primer

ATCTGAGCCACTGTACTTCGTTATATGCAGTTTACATGAG

miR34-5p Del R Primer

CTCATGTAAACTGCATATAACGAAGTACAGTGGCTCAGAT

Table 4.2. Confirmation Primers for SDMs.

Primer Name

Sequence (5°-3)

Product Size

Wildtype Mutant

KHSRP Del Conf F Primer GCTCTTAAAAACAGAAACTCATC 76 bp 72 bp
KHSRP Del Conf R Primer GGCTCAGATAAAGGTCTTCAC

PABPNL1 Del Conf F Primer GCTACTAGTCTTATCAGCTC 103 bp 93 bp
PABPNL1 Del Conf R Primer CGAAGTACAGTGGCTCAGAT

Pum2 Del Conf F Primer GTGAAGACCTTTATCTGAGC 81 bp 71bp
Pum2 Del Conf R Primer ACCAACACACAGATCCAATG

miR24-34 Del Conf F Primer GAACGTCCTTGTGAAGACC 76 bp 65 bp
miR24-34 Del Conf R Primer CAGCTCATGTAAACTGCATGG
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B. Sequencing Results

A

Query: Homo sapiens heterogeneous nuclear r.
transcript variant 1, mRNA Query ID: NM_| 002

in A1 (HNRNPA1),
6.

Sequence 1D: Query_ 105524 Length: 1181
Range 1: 11 to 971

Score:1760 bits(953), Expect:0.0,
Identities:960/963(99%), Gaps:2/963(0%), Strand: Plus/Minus

Query 83 ATGTCTAAGTCAGAGTCTCCTAAAGAGCCCGAACAGCTGAGGAAGCTCTTCATTGGAGGG 142

LLELEEEEEEEEreen et e e eEEE e e iy
A GGG

Sbjct 971 913

Query 143  TTGAGCTTTGAAACAACTGATGAGAGCCTGAGGAGCCATTTTGAGCAATGGGGAACGCTC 202

IIIIIIIIIIlIlIIIIIIIIIIIIII |IlI|IIlIIIIIII|IIIIIIIIlIIIIIII
Sbjct 912 GAGAGC-TG 854

Query 203  ACGGACTGTGTGGTAATGAGAGATCCAAACACCAAGCGCTCCAGGGGCTTTGGGTTTGTC 262

IllIlllIIIlIlIIIIIllIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII[IIIIIII

Sbjct 853  ACGGACTGTGTGGTAATGAGAGATCCAAACACCAAGCGCTCCAGGGGCTTTGGGTTTGTC 794

Query 263  ACATATGCCACTGTGGAGGAGGTGGATGCAGCTATGAATGCAAGGCCACACAAGGTGGAT 322
IllIlIIII|l|l||IIIIIIlIIIIIIIIlIIIIIIIIIIIIIIIIIIIII[IIIIIII

sbjct 793  ACATATGCCACTGTGGAGGAGGTGGATGCAGCTATGAATG 734

Query 323  GGAAGAGTTGTGGAACCAAAGAGAGCTGTCTCCAGAGAAGATTCTCAAAGACCAGGTGCC 382
|llllIIIIIIIIIIIIIIIIlIIIIlIIIIIIIIIIIIIIIIIIIIIIIIIlIIIlIII

Sbjct 733 GAACCAAAGAGAGCTGTCT 674

Query 383  CACTTAACTGTGAAAAAGATATTTGTTGGTGGCATTAAAGAAGACACTGAAGAACATCAC 442

CELLEEEEEEEEEEEE e LT
Sbjct 673  CACTTAACTGTGAAAAAGATATTTGTTGGTGGCATTAAAGAAGACACTGAAGAACATCAC 614

Query 443  CTAAGAGATT, TTATTTTGAACAGTATGGAAAAATTGAAGTGATTGAAATCATGACTGACCGA - 502
IHHIIIII!IIIIIIIIIIHIIIIIIIIIIIIIIIIIIIIIIIIIIIIHII|IIII
sbjct 613  CTAAGAGATTATTTTGAACAGTATG TGGAAAAATTGAAGTGATTGAAAT CATGACTGACCGA 554

Query 503  GGCAGTGGCAAGAAAAGGGGCTTTGCCTTTGTAACCTTTGACGACCATGACTCCGTGGAT = 562
CELLLLEEEEE TP EE e e e inn
Sbjct 553  GGCAGTGGCAAGAAAAGGGGCTTTGCCTTTGTAACCTTTGACGACCATGACTCCGTGGAT 494

Query 563  AAGATTGTCATTCAGAAATACCATACTGTGAATGGCCACAACTGTGAAGTTAGAAAAGCC 622

IHIHIIIIIIIIIIIIllIIIIIIIIIIIIIIIllIIIIIIIIIIIIIIIlIIIIIII
Shjct 493 CATACTGTGAATGGCCACAA TTAGAAAAGCC 434

Query 623 682

| I
Sbjct 433  CTGTCAAAGCAAGAGATGGCTAGTGCTTCATCCAGCCAAAGAGGTCGAAGTGGTTCTGGA 374

Query 683  AACTTTGGTGGTGGTCGTGGAGGTGGTTTCGGTGGGAATGACAACTTCGGTCGTGGAGGA 742

N s Oy .
Sbjct 373  AACTTTGGTGGTGGTCGTGGAGGTGGTTTCGGTGGGAATGACAACTTCGGTCGTGGAGGA 314

Query 743  AACTTCAgtggtcgtggtggctttggtggcagccgtggtggtggtggatatggtggcagt 802
FELLEEEELEEREEERE e Ly
sbjct 313 AACTTCAGTGGTCGTGGTGGCTTTGGTGGCAGCCGTGGTGGTGGTGGATATGGTGGCAGT 254

Query 803 ggggatggctataatggatttggtAATGATGGAAGCAATTTTGGAGGTGGTGGAAGCTAC 862
IHI[IIIIIlIlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 253 194

Query 863  AATGATTTTGGGAATTACAACAATCAGTCTTCAAATTTTGGACCCATGAAGGGAGGAAAT 922
IllllIIIIIlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlIIlIIII
Sbjct 193 AATGATTTT TTTTGGGAATTACAACAATCAGTCTTCAAATTTTGGACCCATGAAGGGAGGAAAT 134

Query 923  TTTGGAGGCAGAAGCTCTGGCCCCTATGGCGGTGGAGGCCAATACTTTGCAAAACCACGA 982

IllIIIIIIllIllIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 133 CAGAAGCTCTGGCCCCTATGGCGGTGGAGGC

Query 983  AACCAAGGTGGCTATGGCGGTTCCAGCAGCAGCAGTAGCTATGGCAGTGGCAGAAGATTT 1042

IIllllIIIIlIlIIIIIIlI1|I|IIIIIlIIIIlIIIIIIIIlIIIIIIIIIIIIIII
Sbjct 73 AACCAAGGTGGCTATGGCGGTTCCAGCAGCAGCAGTAGCTATGGCAGTGGCA!

Query 1043 TAA 1045

Sbjct 13 AAA 11
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Sequence ID: Query_105525 Length: 1208
Range 1: 101 to 1072

Score:1648 bits(892), Expect:0.0,
Identities:949/974(97%), Gaps:13/974(1%), Strand: Plus/Plus

Query 83  ATGTCTAAGTCAGAGTCTCCTAAAGAGCCCGAACAGCTGAGGAAGCTCTTCATTGGAGGG 142
II|I|||III|III||IIIIIII||IIIIIIIlllllllI||III|II||IIII|I|I]|
Sbjct 101  ATGTCTAAGTCAGAGTCTCCTAAAGAGCCCGAACAGCTGAGGAAGCTCTTCATTGGAGGG 160
Query 143  TTGAGCTTTGAAAC GAAACAACTGATGAGAGCCTGAGGAGCCATTTTGAGCAATGGGGAACGCTC - 202
I||II||III|III||II|||III|IIHIIIlllllllI|IIIIIIIIlIIII|IlII|
Sbjct 161  TTGAGCTTTG TTTGAAACAACTGATGAGAGCCTGAGGAGCCATTTTGAGCAATGGGGAACGCTC - 220
Query 203  ACGGACTGTGTGGTAATGAGAGATCCAAACACCAAGCGCTCCAGGGGCTTTGGGTTTGTC 262

IllIIlllII|III||IIIIIIIIIIIIHIIHIIIIIIIIIIIIIIIIIIIIIIIIH

sbjct 221 280

Query 263  ACATATGCCACTGTGGAGGAGGTGGATGCAGCTATGAATGCAAGGCCACACAAGGTGGAT 322

FLLLEECCLEEEELEEEEEEEE LRl
Sbjct 281  ACATATGCCACTGTGGAGGAGGTGGATGCAGCTATGAATGCAAGGCCACACAAGGTGGAT 340

Query 323  GGAAGAGTTGTGGAACCAAAGAGAGCTGTCTCCAGAGAAGATTCTCAAAGACCAGGTGCC 382

IIIIIIIIIIIIIIIIIIIIIIIIIIIIlllII||llIIIIIIIIIIII!IIIIIIIIII
Sbjct 341  GGAAGAGTTGT! GAGCTGTCTCC, CCAGGTGCC 400

Query 383  CACTTAACTGTGAAAAAGATATTTGTTGGTGGCATTAAAGAAGACACTGAAGAACATCAC 442

UL
Sbict 401  CACTTAACTGTGAAAAAGATATTTGTTGGTGGCATTARAGAAGACACTGAAGAACATCAC 460
Query 443 CTAAGAGATTATTTTGAACAGTATGGAAAAATTGAAGTGATTGARATCATGACTGACCGA 502

A N Ry
Sbjct 461  CTAAGAGATTATTTTGAACAGTATGGAAAAATTGAAGTGATTGAAATCATGACTGACCGA 520

Query 503  GGCAGTGGCAAGAAAAGGGGCTTTGCCTTTGTAACCTTTGACGACCATGACTCCGTGGAT 562

Sbjct 521  GGCAGTGGCAAGAAAAGGGGCTTTGCCTTTGTAACCTTTGACGACCATGACTCCGTGGAT 580

Query 563  AAGATTGTCATTCAGAAATACCATACTGTGAATGGCCACAACTGTGAAGTTAGAAAAGCC 622

; IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlIIIIIIlIIIIIlIIIIIIlIII
Sbjct 581 TTCAGAAATACCATACTGTGAATGGCCACAACTGT 640

Query 623  CTGTCAAAGCAAGAGATGGCTAGTGCTTCATCCAGCCAAAGAGGTCGAAGTGGTTCTGGA 682
IIlIIHIIIIIIIIlIIlIII|IlIIHIIIHHIIIIIIIIIIIIHIIIIIIIIII

Sbjct 641 700

Query 683  AACTTTGGTGGTGGTCGTGGAGGTGGTTTCGGTGGGAATGACAACTTCGGTCGTGGAGGA 742
I||II||lII|III||II|I|II||II|IIII|||lll|||||||||II||II||IIIH

Sbjct 701  AACTTTGGTGETGGTCGTGGAGGTGGTTTCGGTGGGAATGACAACTTC CTTCGGTCGTGGAGGA 760

Query 743  AACTTCAgtg tcgt?gtggcttt?gt?gcagccgtg?tg tggtTgatat?gtggg_a_gt 802
) IIlIII||II PO e e T e e e e ey

Shjct 761  AACTT TTCAGTGGTCGTGRTGGCTTTGGTGGCAGCCGTGETGGTGGTGGATATGGTGGCAGT 820

Query 803 gg ?gatgggt_a_tgqtggatttggtMTGATGGMGCMTT—TTGGAGGTGGTGGMGCTA 861
I CEE e e e e e Feen e

Sbjct 821 GATGGCTATAATGGATTTGGT, TGGAAGCAATTGTTGGACGTGGTGGAA-CTA 879

Query 862  CAATGATTTTGGGAATTA-CAACAATCA-GTCTT-CAAAT-TTTGGACCCATGAAGGGA- 916

IIIIIIIIIIIIIIIIII IIIIIIIII IIIII |IIlI IIIIIIIIIIIIIIIIII
Sbjct 880  CAATGATTTTGGGAATTAACAACAATCAAGTCTTTCAAATGTTTGGACCCATGAAGGGAA 939

Query 917  GGAAATTTTGGAGGCAGAAGCTCTGGCCCCTATGGCGGTGGAGGCCAATACTTTGCAAAA 976

) FELCEEEE L PEEEEEEEEEE e Ert IHIIIIIIIIIIIIIIIII
Sbjct 940  GGAAATTTGGAAGGCAGAAGCTCTGGCCCCTATGGCGTGGGAGGCCAATACTTTGCAAA 998
Query 977  CCACGAAACCAAGGTGG-CTATGG-CGGTTCCAG-CAGCAGCAGTAGCTAT-GGCAGTGG 1032
IIII PEECLEEREE LEEEE R b L LELEer (Lt
Sbjct 999 ACAGAACAAAGGTGGGCTATGGGCGGTTCCCGACAGCAACAGTAGCAATGGGCAGTGG 1058

Query 1033 CAGAAGA-TTTTAA 1045

[E LT
Sbjct 1059 C AA

Figure 4.1. Sequencing results of HNRNPA1 CDSs with 963 bp size (exon 8
excluded) cloned in pcDNA3.1 (-) and alignment of HNRNPA1 mRNA sequence
with NP_002127.1 accession number against sequencing results obtained with BGH
primer (A) and T7 primer (B).
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Query: Homo sapiens heterogeneous nuclear ribonucleoprotein Al (HNRNPA1),
transcript variant 2, mRNA Query ID: NM_031157.4 Length: 1119

r
Sequence ID: Query_49780 Length 1198
Range 1: 14 to 1124

Score:1999 bits(1082), Expect:0.0
Identities:1109/1120(99%), Gaps: 10/1120(0’«). Strand: Plus/Minus

Query 83  ATG-TCTAAGTCAGAGTCTCCTAAAGAGCCCGAACAGCTGAGGAAGCTCTTCATTGGAGG 141
TLL LD PEEEEEEEEED TEEEeeer e IIIIIIIIIIIIIIIII

Shjct 1124 ATGTTCT-AGTCAGAGTCT-CTAAAGAG-CCGAACAGCTGAG-AAGCT 1069

Query 142  GTTGAGCTTTGAAACAACTGATGAGAGCCTGAGGA! rrrmm GGGGAAC G(T 201
II IIIIIIII T IIIIIIIIII I I IIIIIII

Sbjct 1068 AACAACTGATGAGAGC-TGAGGAGCCA-TTTGAGCAAT-GGGAACGCT 1014

Query 202  CACGGACTGTGTGGTAATGAGAGATCCAAACACCAAGCGCTCCAGGGGCTTTGGGTTTGT 261
LELCEEEEEEEEEEEEEE e e e L e

Shjct 1013  CACGGACTGTGTGGTAATGAGAGATCCAAACACCAAGCGCTCCAGGGGCTTTGGGTTTGT 954

Query 262  CACATATGCCACTGTGGAGGAGGTGGATGCAGCTATGAATGCAAGGCCACACAAGGTGGA 321
IIIIIIIIIIIHIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Shjct 953 ATGAATGCAAGGCCACACAAGGTGGA 894

Query 322  TGGAAGAGTTGTGGAACCAAAGAGAGCTGTCTCCAGAGAAGATTCTCAAAGACCAGGTGC 381
LUCERERLEEEEEL R e et el

Shjct 893  TGGAAGAGTTGTGGAACCAAAGAGAGCTGTCTCCAGAGAAGATTCTCAAAGACCAGGTGC 834

Query 382  CCACTTAACTGTGAAAAAGATATTTGTTGGTGGCATTAAAGAAGACACTGAAGAACATCA 441
IIII|IIIIIIIIIIIIIIIlIIIIIIIIIIIIIIIIlIIIIIIIIIIIIIIIlIIIIII

shjct 833 CCACTTAACTGTGAAAAAGATATTTGTTGGTGGCATTAAAGAAGACACTGAAGAACATCA 774

Query 442 \TTATTTTGAACAGTATGGAAAAATTGAAGTGATTGAAATCATGACTGACCG 501
IllIIIIlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIHIIIIIIIIIIIIIIIII||||

Shjct 773 CCTAAGAGATTATTITGAA GAACAGTATGGAAAAATTGAAGTGATTGAAATCATGACTGACCG 714

Query 502  AGGCAGTGGCAAGAAAAGGGGCTTTGCCTTTGTAACCTTTGACGACCATGACTCCGTGGA 561
IIIIIIIIIIIHIIIII|IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Shjct 713 GTGGCAAGAAAAGGGGCTTTGCCTTTGTAACCTTTGACGACCATGACTCCGTGGA 654

Query 562  TAAGATTGTCATTCAGAAATACCATACTGTGAATGGCCACAACTGTGAAGTTAGAAAAGC 621
IIIHIIIIIIHIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Shjct 653  TAAGATTGTCATTCAGAAATA GTGAATGGCCACAACTGTGAAGTTAGAAAAGC 594

Query 622  CCTGTCAAAGCAAGAGATGGCTAGTGCTTCATCCAGCCAAAGAGGTCGAAGTGGTTCTGG 681
N

shjct 593 CCTQ.EMAGQMGAGATGG(TAG TGCTTCATCCAGCCAAAGAGGT! CGMG TGGTTCTGG 534

Query 682  AAACTTTGGTGGTGGTCGTGGAGGTGGTTTCGGTGGGAATGACAACTTCGGTCGTGGAGG 741
IIlIIIIIIIIIIIlIIIIIlIIIIIIIIIIIIIIIIlIIIIIIIIIIIIIIIIIIIIII

Shjct 533 GGTGGTGGTCOTGGAGGTGE 474

Query 742 wcﬁcmtaqtcgtgqtogctttaytsqcascmagtsgmtegatatqgtmcag 801
11111 IIIIIIIIIIIIIIIIIIIIIIlIIIIIIIIIIIIIIIIIIIIIIIIIIIII

shjct 473 AMCTTCAGTGGTCGTGG [GGCTTTGGTGGCAGCCGTGGTGGTGGTGGATATGGTGGCAG 414

Query 802 tggggatggctataatggatttggtaatgatggtggttatggaGGAGGCGGCCCTGGTTA 861
IIIIIIIIIIIIIIIIII|I|IIIIIIIIIIIIIIIHIIIIIIIIIIIIIIIIIIIIII

Shjct 413 354

Query 862  CTCTGGAGGAAGCAGAGGCTATGGAAGTGGTGGACAGGGTTATGGAAACCAGGGCAGTGG 921
LR e e e e e

Sbjct 353  CTCTGGAGGAAGCAGAGGCTATGGAAGTGGTGGACAGGGTTATGGAAACCAGGGCAGTGG 294

Query 922  CTATGGCGGGAGTGGCAGCTATGACAGCTATAACAACGGAGGCGGAGGCGGCTTTGGCGG 981
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

shjct 293 CTATGGCGGGAGTGGCAGCTATGACAGCTATAACAACGGAGGCGGAGGCGOCTTTGGCGG 234

Query 982  TGGTAGTGGAAGCAATTTTGGAGGTGGTGGAAGCTACAATGATTTTGGGAATTACAACAA 1041
LULLEEREEEEEEEE e e e e e ey

Shjct 233 TGGTAGTGGAAGCAATTTTGGAGGTGGTGGAAGCTACAATGATTTTGGGAATTACAACAA 174

Query 1042 M ACCCATGAAGGGAGGAAATTTTGGAGGCAGAAGCTCTGGCCC 1101
11 IIIIIIIIIIIIIIIIIIIIIlIIIIIIIIIIIIIIIIIIIIII

shjct 173 TCAGTCTTCAMTTTI’GGACCQ GAAGGGAGGAAATTTTGGAGGCAGAAGCTCTGGCCC 114

Query 1102 CTATGGCGGTGGAGGCCAATACTTTGCAAAACCACGAAACCAAGGTGGCTATGGCGGTTC 1161

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIHIIIIIIIIIIIIIIIlIIIIII
Shjct 113 ATGGCGGTGGAGG CCAAGGTGGCTATGGCGGTTC

Query 1162 CAGCAGCAGCAGTAGCTATGGCAGTGGCAGAAGATTTTAA 1201

lIIIIIIIIIIIIIIIHIIIIIIIIIIIIIIIIII! II
Shjct 53  CAGCAGCAGCAGTAGCTATGGCAGTGG
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transcrlpt variant 2, mRNA Query ID: NM_@31157.4 Length: 1119

>Tsoform B 1119bo T7 Primer

Sequence ID: Query 49781 Length: 799
Range 1: 94 to 799

Score:1258 bits(681), Expect:0.0,
Identities:699/707(99%), Gaps:3/707(@%), Strand: Plus/Plus

Query 83  ATGTCTAAGTCAGAGTCTCCTAAAGAGCCCGAACAGCTGAGGAAGCTCTTCATTGGAGGG 142

CLLLLEEEETERE e C e e L e LT
94  ATGTCTAAGTCAGAGTCTCCTAAAGAGCCCGAACAGCTGAGGAAGCTCTTCATTGGAGGG 153

2Rt JRALIRRS

Query 143 TTGAGCTTTGAAACAACTGATGAGAGCCTGAGGAGCCATTTTGAGCAATGGGGAACGCTC 202

_ COCLEEEEREEEr e e e e e et eee e e e et
Sbjct 154 TTGAGCTTTGAAACAACTGATGAGAGCCTGAGGAGCCATTTTGAGCAATGGGGAACGCTC 213

Query 203 ACGGACTGTGTGGTAATGAGAGATCCAAACACCAAGCGCTCCAGGGGCTTTGGGTTTGTC 262

[ELCELLEETTRLEEEE L EELE e e L L [T
Sbjct 214 ACGGACTGTGTGGTAATGAGAGATCCAAACACCAAGCGCTCCAGGGGCTTTGGGTTTGTC 273

Tesssaes Sessssssessee A O O o R T O Pt P P R

Query 263 ACATATGCCACTGTGGAGGAGGTGGATGCAGCTATGAATGCAAGGCCACACAAGGTGGAT 322

) FOEEEEEEEEEE e e e e e e ey
Sbjct 274 ACATATGCCACTGTGGAGGAGGTGGATGCAGCTATGAATGCAAGGCCACACAAGGTGGAT 333

Query 323 GGAAGAGTTGTGGAACCAAAGAGAGCTGTCTCCAGAGAAGATTCTCAAAGACCAGGTGCC 382

CEEERETTELELEEE e et e e e e e e e e el
Shict 334 GGAAGAGTTGTGGAACCAAAGAGAGCTGTCTCCAGAGAAGATTCTCAAAGACCAGGTGCC 393

Query 383 CACTTAACTGTGAAAAAGATATTTGTTGGTGGCATTAAAGAAGACACTGAAGAACATCAC 442

CELEEEEEEree e e e e e e e et
Sbjct 394 CACTTAACTGTGAAAAAGATATTTGTTGGTGGCATTAAAGAAGACACTGAAGAACATCAC 453

Query 443 CTAAGAGATTATTTTGAACAGTATGGAAAAATTGAAGTGATTGAAATCATGACTGACCGA 502

CETC T e e e e T e
Sbjct 454 CTAAGAGATTATTTTGAACAGTATGGAAAAATTGAAGTGATTGAAATCATGACTGACCGA 513

Query 503 GGCAGTGGCAAGAAAAGGGGCTTTGCCTTTGTAACCTTTGACGACCATGACTCCGTGGAT 562

I [1]
Sbjct 514 G GGAT 573

Teaduses

Query 563 AAGATTGTCATTCAGAAATACCATACTGTGAATGGCCACAACTGTGAAGTTAGAAAAGCC 622
||

CELTEECEETEE e e e e e e e e e ey
Sbjct 574 AAGATTGTCATTCAGAAATACCATACTGTGAATGGCCACAACTGTGAAGTTAGAAAAGCC 633

Query 623 CTGTCAAAGCAAGAGATGGCTAGTGCTTCATCCAGCCAAAGAGGTCGAAGTGGTTCTGGA 682

O e P T S Ty T B Brer e e e Sessssessansns

CECTCT T T ETTTTTTTTITooT
Sbjct 634 CTGTCAAAGCAAGAGATGGCTAGTGCTTCATCCA

(=]
) —
g_
;,_
a3
-3
@
{(~]
=
=
i
=
>
g
(2]
3
(o]
—
(n]
o«
=

693

Query 683 AACTTTGGTGGTGGTCGTGGAGGTGGTTTCGGTGGGAATGACAACTTC-GGTCGTGGAGG 741

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII CEEETTTLTT]
Sbjct 694 TCGTGGAGGTGGTTTCGGTGGAAATGACAACTTCGGGTCGTGGAGG 753

ssasfesasnes

T T 1T
Sbjct 754 AAACTTCGGGGGTCCG

Query 742 AAACTTCAgtggtcogtggtgoctttogtggcagcegtggtogtggt 787
LETEERCEETT TEEE THEEETETL
~GTGGCTTTGGGGGCAACCGTGGTGGTGGT 799

=g

Figure 4.2. Sequencing results of HNRNPA1 CDSs with 1119 bp size (exon 8
included) cloned in pcDNA3.1 (-) and alignment of HNRNPA1 mRNA sequence
with NP_112420.1 accession number against sequencing results obtained with BGH
primer (A) and T7 primer (B).

81






C. Agarose gel results
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Figure 4.3. Agarose gel of PCR for detection of CDS isoforms via PCR by using
CDS Cloning F and R Primers in MCF10A (A) and MDA-MB-157 (B) cells.
Agarose gel images of PCR confirmed two HNRNPA1L CDSs with/out exon 8. NTC:

No template reaction.
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Figure 4.4. Agarose gel of PCR for confirmations of HNRNPA1 3°’UTRs and
84

isoform 1-3’UTR fragments in pMIR report vector.
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Figure 4.5. Agarose gel of PCR for SDMs of HNRNPA1 3’UTRs and isoform 1-
3’UTR fragments in pMIR report vector. Wildtype: 72 bp and mutant (deleted
miRNA seed binding site): 65 bp.
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pMIR A13’UTR Isoform 1 KHSRP Del 1
'pMIR A1 3’UTR Isoform 1 KHSRP Del 2
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Figure 4.6. Agarose gel of PCR for SDMs of HNRNPA1 isoform 1-3’UTR sequence
in pMIR report vector. Wildtype: 76 bp and mutant (deleted KHSRP binding site):
72 bp.
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PartA PABPN1 Dell Part A PABPN1 Del2

Figure 4.7. Agarose gel of PCR for SDMs of HNRNPAL1 isoform 1 Part A-3’UTR
sequence in pMIR report vector. Wildtype: 103 bp and mutant (deleted PABPN1
binding site): 93 bp.
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Figure 4.8. Agarose gel of PCR for SDMs of HNRNPAL isoform 1 Part A-3’UTR
sequence in pMIR report vector. Wildtype: 81 bp and mutant (deleted Pum2 binding
site): 71 bp.
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pMIR Al 3'UTR Isoform 1 Part A PABPN1 Dell

pMIR Al 3’UTR Isoform 1 Part A

Ladder

Colony 5
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| pMIR Al 3’UTR Isoform 1 Part APABPN1 Dell
NTC

l ' pMIR Al 3°'UTR Isoform 1 Part A PABPN1 Dell
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l

pMIR Al 3’UTR Isoform 1
Part A PABPN1 Dell and 2

Figure 4.9. Agarose gel of PCR for SDMs of HNRNPAL isoform 1 Part A-3’°UTR
sequence in pMIR report vector. Wildtype: 103 bp, single mutant (deletion of one
PABPN1 binding site): 93 bp, and double mutant (deletion of both PABPN1 binding
sites): 83 bp.
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pMIRAL 3’UTR Isoform 1 Part A PABPN1 Dell
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Figure 4.10. Agarose gel of PCR for PABPNL1 deletion on Pum2 already deleted
HNRNPAL isoform 1 Part A-3’UTR sequence in pMIR report vector. Wildtype
(Pum2 already deleted): 103 bp, single mutant (deletion of one PABPNL1 binding site
on Pumz2 already deleted HNRNPAL isoform 1 Part A-3’UTR sequence): 93 bp.
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D. HNRNPA1 CRISPR/Cas9 Results
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Figure 4.11. HNRNPA1 knockout in MCF7 and MDA-MB 231 cells via
CRISPR/Cas9 system. A. Agarose gel of colony PCR for A1 sgRNAs into px459
vector. B. HNRNPA1 was deleted in MCF7 and MDA-MB-231 cells using
CRISPR/Cas9. ACTB antibody was used as a loading control on the same blot (n=1).
C. Relative expression levels of C9ORF3 and pri-miR-27b in MDA-MB-231 cells
(HNRNPAL knockouts). RPLPO was used as a reference gene for other RT-gPCRs.
#1 and #2 indicate individual colonies.
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