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ABSTRACT

UTILIZATION OF TANSCRIPT VARIANTS OF CXXC5 GENE TO
PREDICT ITS PROMOTER

Yavuz, Kerim
Master of Science, Molecular Biology and Genetics
Supervisor: Prof. Dr. Mesut Muyan

August 2020, 77 pages

CXXC5 is an estrogen responsive gene whose deregulations are implicated in a
number of diseases including cancers. It is crucial to understand the mechanisms
through which CXXC5 expression is regulated for the characterization its role in
physiologies and pathophysiologies. To gain an insight in the CXXC5 gene
expression, we wanted to identify its promoter. We hypothesized that the promoter
of CXXC5 could reside in close proximity to the transcription start site of its main
transcript variant. In this study, we wanted to identify the main transcript(s) of
CXXC5 and its transcription start site(s). CXXC5 has 14 transcript variants all of
which encode the same protein. We found here that CXXC5 Transcript Variant 2 is
the variant that has the highest expression levels in both MCF7 and HL60 cells,
thus, it is the main transcript variant. CXXC5 Transcript Variant 2 has a broad
transcription initiation region and by investigating the ranges of this region, we

identified a novel transcript variant of CXXC5 as well.

Keywords: CXXC35, Transcript Variant, Promoter, Gene Regulation
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CXXC5 GENININ TRANSKRIPT VARYANTLARININ PROMOTOR
BOLGESININ TAHMINI iCIN KULLANILMASI

Yavuz, Kerim
Yiiksek Lisans, Molekiiler Biyoloji ve Genetik
Tez Yoneticisi: Prof. Dr. Mesut Muyan

Agustos 2020, 77 sayfa

CXXC35, deregililasyonunun kanser de dahil olmak tizere farkli hastaliklarda
etkisinin oldugunun gosterildigi dstrojen yanith bir gendir. CXXC5’in fizyolojik ve
patofizyolojik durumlardaki roliinii anlamak i¢in gen ifadesinin nasil
diizenlendigini anlamak elzemdir. CXXC5 gen ifadesine yonelik fikir edinmek i¢in
promotor bolgesini tanimlamak istedik. CXXC5 promotoriiniin ana transkript
varyant(lar)inin transkripsiyon baslangi¢ yer(ler)inin yakininda olabilecegini
tahmin ettik. Bu ¢alismada, CXXC5 ana transkript varyantini ve bu varyantin
transkripsiyon baslangi¢ yerini belirlemek istedik. CXXC5’in hepsi ayni proteini
kodlayan 14 tane transkript varyanti vardir. CXXC5 Transkript Varyant 2’nin
MCEF7 ve HL60 hiicrelerinde en fazla ifade seviyesine sahip oldugunu, bu sebeple
ana transkript varyanti oldugunu bulguladik. CYXC5 Transkript Varyant 2’nin
genis bir transkripsiyon baslangi¢ bolgesine sahip oldugunu ve bu bolgeden daha

once tanimlanmamig bir CXXC5 transkript varyantinin sentezlendigini gosterdik.

Anahtar Kelimeler: CXXC5, Transkript Varyanti, Promotdr, Gen Ifadesi
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CHAPTER 1

INTRODUCTION

1.1 Estrogen-Estrogen Receptor Signaling

As members of the steroid hormone family, estrogens play important roles in
processes such as regulation of reproductive cycle and differentiation of tissues and

organs [1]. 17B-estradiol (E2) is the main circulating estrogen hormone [2].

E2 exerts its cellular effects through estrogen receptors a and  (ERa and ) that
function as transcription factors. ERa and  are members of the nuclear hormone
receptor family and like the other nuclear hormone receptors; they are modular
proteins having distinct functional regions. ERa and B comprise of six regions
named as A/B, C, D and E/F. The A/B region is localized in the N-terminus of the
proteins and exhibits a ligand-dependent transactivation function, also called
activation function 1 (AF1). In addition, the A/B region is involved in the
interaction of ERs with coregulatory proteins that are important in ER-mediated
transcription. The C region is the DNA Binding Domain (DBD) and contains two
zinc-binding motifs with two perpendicular a-helices important in the binding of
estrogen receptors to DNA. The D region of ERa and f is the hinge region that acts
as a linker between DBD and the carboxyl-terminus. D region not only provides
flexibility to the protein but also contains the nuclear localization signal. E/F region
is a multifunctional domain involved in ligand binding, receptor dimerization and

ligand-dependent transactivation (activation function 2, AF2) (Figure 1.1) [3].
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Figure 1.1. Schematic representation of the Estrogen Receptor domain

structure.

Although ER localizes primarily to the nucleus independently of ligand, fractions
of ER also observed to localize plasma membrane, cytoplasm and mitochondria
from which ER in response to E2 could mediate the so-called the non-genomic
signaling. The nuclearly localized ER on the other hand is a transcription factor.
Upon binding to E2, ER regulates gene expressions through estrogen response
element (ERE)-dependent or independent pathways. The ERE-dependent pathway
involves the binding of the E2-ER complex to specific sequences on DNA called as
estrogen response elements, EREs. EREs are 13-nucleotide-long sequences
composed of two palindromic half-sites separated by three linker nucleotides. The
consensus ERE is denoted as 5°’- GGTCAnnnTGACC -3°, although EREs could

deviate from the consensus up to three-nucleotides [4].

Apart from the ERE-dependent signaling pathway, the E2-ER complex can also
mediate transcription through interaction with transcription regulating proteins that
are bound to their cognate response elements. This type of E2-ER signaling is

referred to as the ERE-independent signaling pathway [5].

Estrogen signaling is shown to play critical roles in pathophysiology of many
tissues including breast tissue. Breast cancer is characterized by extensive cellular
proliferation and deregulation of integrated signaling pathways important in cell
proliferation and cell death [6]. The control over the progression of the cell cycle is
lost in cancers and aberrant expressions of cell cycle-related proteins such as
Cyclin D1 that are responsive to E2 signal are thought to contribute to the

progression of ER-positive breast cancer [7].



1.2 CXXC-Type Zinc Finger Protein 5 (CXXC5)

1.2.1 CXXC-Type Zinc Finger Family of Proteins

CXXCS is a CXXC-type zinc finger family (ZF-CXXC) protein encoded by the
CXXC5 gene. The ZF-CXXC family consists of KDM2A, KDM2B (Lysine
Specific Demethylases 2A and 2B), KMT2A, KMT2B (Lysine Methyltransferases
2A and 2B), DNMTI1 (DNA Cytosine-5-Methyltrasnferase 1), TET1, TET3 (Tet
Methylcytosine Deoxygenases 1 and 3), IDAX (Inhibition of the Dvl and Axin
Complex) and CXXCS5. This family of proteins contain a highly conserved ZF-
CXXC domain. This domain is 50-70 amino-acid in length and contains 2
consecutive CXXCXXC consensus sequences that are separated by a sequence of
amino acids that act as linkers and vary in length. Due to this domain, ZF-CXXC
family proteins can bind to DNA [8]. It has been shown through high-resolution
crystallography studies of CXXC domains of ZF-CXXC family proteins that these
proteins bind to unmethylated CpG dinucleotide containing DNA sequences [9].
The ZF-CXXC family proteins affect DNA methylation through binding to
unmethylated CpG dinucleotides and through mediating the demethylation of
methylated CpG dinucleotides. Since the access of ZF-CXXC family proteins to
major and minor grooves of DNA is required for these proteins to bind to DNA, it
is thought that ZF-CXXC family proteins, such as KDM2A, bind to nucleosome-
free regions of DNA and the linker regions between nucleosomes to prevent de
novo DNA methylation [10]. Also, TET proteins have been shown to take part in
the demethylation of Cytosines due to their deoxygenase activity [11]. Apart from
affecting the methylation status of DNA, these proteins have been shown to modify
the epigenetic environment and regulate gene expression through interaction with

histone modifying proteins [12].



1.2.2 CXXCS5 Protein

CXXCS is a protein synthesized from the CXXC5 gene located on the long arm of
chromosome 5 in the human genome. CXXCS5 protein consists of 322 amino acids
and contains a highly conserved CXXC domain between its 256" and 297" amino
acids [13]. Due to the nuclear localization signal located in the highly conserved
CXXC domain between 257" and 262™ amino acids, CXXC5 is primarily

localized in the nucleus (Figure 1.2).

1 NDS 322

256 297

Figure 1.2. Schematic representation of CXXCS5's protein structure. The CXXC
domain located between 256th and 297th amino acids is shown as a yellow
rectangle and a red sphere between 257th and 262nd amino acids represents the

nuclear localization signal (NLS).

1.2.3 The CXXC5 Gene and It's Regulation

CXXC5 gene is located on the long arm of chromosome 5, in the 5q31.2 region.
The gene locus is approximately 35 kilobase pair (kbp) long according to the Homo
sapiens (human) genome assembly GRCh38. The gene contains 11 exons and 10
introns. CXXC5 gene has 14 transcript variants, identified by the Expressed
Sequence Tag method which is widely utilized to identify alternative splicing
products of genes [14], [15]. The last two exons on the gene locus are found in all
14 transcript variants and contain the coding region. The coding region is 969
basepairs (bp) long and divided into Exons 10 and 11 by 924 bp and 45 bp
respectively (Figure 1.3) [15]. All 14 transcript variants of CXXCJ5 encode the same

protein with an estimated molecular mass (MM) of 33 kDa.
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Figure 1.3. Genomic representation of 14 transcript variants of the CXXC5
gene. CXXC5 gene has 14 transcript variants encoded from the approximately 35
kbp long genomic locus. CXXC5 gene has 11 exons which are represented by
rectangles and 10 introns represented by horizontal lines. All transcript variants
encode the same protein from their shared coding region found in Exons 10 and 11.
*: CXXC5 Transcript Variants 11, 13, and 14 differ in their noncoding exons by 6-

12 base pairs.

Although studies on CXXC5 gene and its protein product are limited, its expression

is regulated by a number of signaling pathways. CXXC5 was initially discovered as

a retinoid inducible factor (RINF) in NB4 human acute promyelocytic leukemia

cell line. It was shown in NB4 cell line that CXXC5 is a retinoic acid-responsive

gene, whose expression is induced in response to all-trans retinoic acid treatment

as early as 90 minutes. It has also been shown that the CXXC5 gene is a target of

Retinoic Acid Receptor alpha (RARa). A Retinoic Acid Response Element

(RARE) of Direct Repeat 2 type (a motif of two direct repeats separated by two

nucleotides) is located at 2123 bp upstream of the putative CXXC5 gene promoter



(5’- GGAGTTCATGAGGTGAGC -3’) that differ from the well-established
Direct Repat 5 (a motif of two direct repeats separated by five nucleotides) type
RARE located at the Retinoic Acid Receptor beta (RARP2) gene promoter (5°-
GGTTCACCGAAAGTTCA -3’) by 1 nucleotide in its second direct repeat motif
(Figure 1.4) [16], [17].

CXXCS5 has also been shown to be regulated by Bone Morphogenic Protein 4
(BMP4) in neural stem cells (NSCs). BMP4 is a protein necessary for
differentiation and regionalization of the telencephalic forebrain and exerts its
effects through Smad proteins that act as transcription factors either directly by
binding to DNA or indirectly by interacting with other transcription factors
associated with their cognate response elements. It has been shown in telencephalic

NSCs that BMP4 stimulation increases CXXC5 expression [18].

Our previous microarray studies suggest that CXXC5 is an E2 responsive gene [5].
In our laboratory, it has been shown through Quantitative Polymerase Chain
Reaction that E2 augments CXXC5 expression. This augmentation is mediated
through interaction of ERa with an Estrogen Response Element (ERE) located at
242 bp upstream of Translation Start Site (TrSS) of CXXC5 gene. This ERE differs
from the consensus ERE by one nucleotide (5’- GGTCAggaTGACA 3’) and it has
been shown to have a regulatory role in gene expression through luciferase assay.
The interaction of ERa with the aforementioned ERE has been shown by
Electrophoretic Mobility Shift Assay and Chromatin Immunoprecipitation Figure
1.4) [2].
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Figure 1.4. Genomic representation of regulatory regions of the CXXC5 gene.
CXXC5 is a retinoic acid-responsive gene and a direct target of Retinoic Acid
Receptor alpha (RARa) through a retinoic acid response element (RARE) located
at 2123 bp upstream of the gene locus. CXXC35 is an estrogen-responsive gene
whose Expression is mediated by through interaction of Estrogen Receptor alpha
(ERa) with an Estrogen Response Element (ERE) located at 242 bp upstream of
Translation Start Site (TrSS) of CXXC5 gene.

1.2.4 CXXCS5 in Health and Disease

The CXXC5 gene is located at the long arm of chromosome 5q31.2.. This region is
commonly reported to undergo deletions and microduplications. The deletions in
this region are implicated in various pathophysiologies such as Myelodysplastic
Syndromes (MDS) and Acute Myeloid Leukemia (AML) as well as intellectual
disabilities [19]-[21]. It has also been proposed that a 10.43 megabase pair (Mb)
deletion in this region is associated with delayed psychomotor development [22].
All these findings make the genes found in this region potential candidates in the

diagnosis and targeting of these pathologies.

Although the studies on the function of CXXCS5 are limited, it has been proposed
that CXXCS5 is a transcription factor and/or epigenetic modulator contributing to

cell proliferation, differentiation, and cell death.

CXXCS5 is primarily localized to the nucleus in the cells and it can also be localized
in the cytoplasm by interacting with Dishevelled proteins [23]. Dishevelled (Dvl)
proteins are important scaffolds in the transmission of Wnt signal and it has been
proposed that CXXCS5 acts as a negative regulator of this signaling pathway
through a negative feedback loop. As a result of the Wnt signaling pathway, [3-
catenin acts as a transcription factor to upregulate CXXC5 expression and in return,

CXXCS interacts with the Dvl protein in the cytoplasm to inhibit the Wnt signal.



Since Wnt/B-catenin signaling pathway is important in wound healing and
osteoblastogenesis, this suggests that CXXCS5 is an important regulator in
developmental processes and differentiation [23]-[25]. DvI-CXXC5 interactions
have recently been proposed to be a potential target for osteoporosis and small-
molecule inhibition as a potential therapeutic approach [25]. Since Wnt/B-catenin
signaling pathway is important in kidney development and disruptions of this
pathway could be associated with tumor progression, CXXC5 could act as a tumor

suppressor protein [26].

Tumor suppressor function of CXXC5 has also been implicated in hepatocellular
carcinoma and tumors of peripheral nerve sheet. CXXC35 is a target gene of the
TGF signaling pathway and CXXCS5 protein regulates this apoptotic pathway by
positive feedback [27]-[29]. CXXCS is also involved in the apoptosis of HEK293
cells in which it induces apoptotic pathways activated by TNFa [30].

CXXCS has arole in the differentiation of neurons. The Wnt/B-catenin signaling
pathway upregulates CXXC5, which activates myelin gene expression during the
process of oligodendrocyte differentiation [31]. The Regulatory role of CXXC5 on
myelin genes is not only implicated in brain development, but also skeletal

myogenesis.

CXXC5 is involved in angiogenesis and endothelial cell differentiation by
upregulating the expression of Vascular Endothelial Growth Factor Receptors

(VEGFRs), as part of the Bone Morphogenic Factor Pathway (BMP) [32].

CXXCS5 takes part in cellular metabolism. CXXC5 binds to an Oxygen Response
Element (ORE) located in the promoter region of COX412 gene which encodes a
subunit of Cytochrome C Oxidase enzyme [33]. Cytochrome C Oxidase is an
enzyme and a part of the Electron Transport Chain important in energy production
through oxidative phosphorylation. Cytochrome C Oxidase accepts an electron
from cytochrome ¢ proteins and transfers it to oxygen (O;) which is the final
electron acceptor in the Chain. As a result of this reaction, water is formed [34]. It

has been reported that in the presence of high oxygen levels, CXXCS5 binds to the



ORE in the promoter of the COX412 gene and acts as a repressor that
downregulates the expression of the enzyme subunit. When the oxygen levels are
low, CXXC5 dissociates and the COX412 expression is upregulated [34]. These
findings suggest that CXXCS5 is involved in the cellular response to varying levels

of oxygen.

CXXC5 is also involved in immune responses. In plasmacytoid dendritic cells,
CXXCS and TET?2 regulate the expression of Interferon Regulatory Factor 7
(IRF7) [35]. IRF7 is a transcription factor of the Interferon Regulatory Factor
family proteins. In response to pathogenic nucleic acid sensing, Toll-like Receptors
7-9 activate IRF7, together with NFkB and AP-1 and these transcription factors
take part in the production of IFNo/f [36]. CXXCS5 and TET2 have been shown to
keep the IRF7 gene promoter in a hypomethylated state [35]. In addition to
regulating IRF7 expression, CXXCS5 takes part in immune responses by inhibiting
the expression of CD4+ helper T cell marker CD40 ligand (CD40L) in CD8+
cytotoxic T cells by inducing histone 3 lysine 9 methylation (H3K4me) in the
promoter of Cd40lg gene through interaction with chromatin modifier SUV39H1
[37].

As previously mentioned, CXXCS5 is suggested to have tumor suppressor roles. It is
also involved in the activation of another well-known and widely studied tumor
suppressor gene, pS3, upon DNA damage [38]. CXXCS5 is suggested to interact
with ataxia-telangiectasia (A-T) mutated (ATM) protein which is the “master
regulator” of DNA damage response. In response to DNA damage, ATM is
recruited to the site of damage and phosphorylates p53 and Chk2 that induce cell
cycle arrest [39]. CXXCS5 has been suggested to interact with ATM in the process
of p53 phosphorylation [38].

CXXCS is also implicated in of the initiation and/or progression of various cancers.
In Acute Myeloid Leukemia (AML), 5q31.2 chromosomal region that contains
CXXC5 together with several tumor suppressor genes is frequently found to be

deleted in AML patients. The retinoic acid receptor alpha (RARa) gene



translocation is used as a marker in Acute Promyelocytic Leukemia (APL), in
which CXXCS is essential for cellular maturation of promyelocytic leukemia cells
[16]. In ERa+ breast cancer (breast cancer types that express estrogen receptor
alpha), CXXCS5 is identified as a poor prognostic factor since its overexpression is

associated with lower survival rates of ERa+ breast cancer patients [40].

1.3 Regulation of Transcription from Promoters

The genetic code carried in and transmitted with DNA determines the functional
and morphological features of cells. The development of complex organisms with
different cell types from single cells and the homeostasis of living cells is
dependent on strict control of gene expression in a spatiotemporal manner [41].
The genetic code comprises coding sequences with their genetic and epigenetic
properties as well as the non-coding regulatory elements important in the

spatiotemporal control of gene expression [42].

1.3.1 RNA Polymerase II Mediated Transcription from Promoters

In eukaryotic cells, RNA Polymerase II enzyme synthesizes mRNAs from protein-
coding genes as well as long noncoding RNAs (IncRNAs), small nucleolar RNAs
(snRNAs) and micro RNAs (miRNAs) [43]. Promoters are defined as DNA regions
that contain the cis-acting elements which are important in the correct and efficient
initiation of RNA Polymerase [I-mediated transcription from Transcription Start
Sites (TSSs) in response to various signaling pathways in a spatiotemporal manner
[44]. Although there are reports of alternative promoter regions located distally
from genes, typically, transcription is initiated from a defined region at which the
general transcription factors (GTFs) bind. This region is called the core promoter
and generally encompasses the 50 base pairs upstream and/or downstream of the
TSS [41]. This makes TSSs important identifiers of core promoter regions. Core

promoters by themselves have a basal level of transcriptional activity which can be
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increased or decreased by proximal and/or distal regulatory regions such as
enhancers, silencers, insulators, etc. [45]. These regions bind and recruit

transcription factors to modulate gene expression.

1.3.2 Types of Core Promoters

Core promoters have different characteristics that enable them to be classified into
different groups. These characteristics include their patterns of transcription
initiation, the sequences and motifs that they contain, and chromatin configuration
[46]. Generally, two major classes of promoters are defined: TATA-containing

promoters and CpG Island (CGI) promoters [47].

1.3.2.1 TATA-Containing Promoters

TATA-box is a cis-acting element generally located at 25-30 bp upstream of TSS
with a motif of 5°- TATAAA -3’ [48]. This element is involved in the formation of

stable transcription machinery in the gene promoter.

The recruitment of RNA Polymerase II to TATA-containing promoters is mediated
by basal machinery called preinitiation complex (PIC) that is formed at the
initiation of transcription. The initial component of this machinery is TATA-
Binding Protein (TBP) which is a subunit of a multisubunit TFIID complex. TBP
interacts with TATA-box and defines the promoter. The second member of PIC
that is recruited to the promoter is TFIIA which stabilizes the binding of TFIID to
DNA whose activity is not essential for the formation of the transcription
machinery [49]. TFIIB interacts with TBP to assist DNA recognition and also it has
arole in TSS selection. Binding of TFIIB is followed by an additional member of
the PIC, which is TFIIF. TFIIF is the factor that recruits RNA Polymerase II to the
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promoter and some evidence suggest that it also has a role in stabilizing TFIIB
[50]. The last two elements of PIC are TFIIE and TFIIH. TFIIE recruits the
multifunctional TFIIH. TFIIH is a complex with several enzymatic activities
including helicase activity which facilitates the unwinding of DNA and melting of
promoter at the initiation of transcription. Also, TFIIH has a kinase activity due to
its Cdk7 component [51]. The kinase activity of Cdk7 is important in the activation
of RNA Polymerase II.

RNA Polymerase II contains 12 subunits, the largest of which is the Rpb1 with a
unique C-Terminal Domain (CTD). CTD has tandem heptad repeats of a consensus
amino acid sequence which is Tyrosine-Serine-Proline-Threonine-Serine-Proline-
Serine (Y182P3T4SSP6S7). RNA Polymerase II is activated at the initiation of
transcription by the kinase activity of TFIIH’s Cdk7 component. Cdk7
phosphorylates the CTD of RNA Polymerase II at the Serine residue located at the
5™ position of the heptad repeat. The phosphorylated RNA Polymerase IT (namely,
Ser5-Phosphorylated RNA Pol IT) marks the transcription initiation site, and
antibodies specific for Ser5 —phosphorylation are used to locate RNA Polymerase
I at the initiation of transcription. The end of transcription is marked by

phosphorylation of Serine residue in the second position of the heptad repeat [52].

1.3.2.2 CpG Island (CGI) Containing Promoters

In eukaryotic cells, CpG dinucleotides can undergo methylation through the
addition of a methyl group to cytosine. Regions of the increased amount of CpG
dinucleotides and G + C base pairs are dispersed throughout the genome and they
are identified as CpG islands [53]. CpG islands are generally hypomethylated and
characterized by several features such as being larger than 500 bp long, having a G
+ C content of more than 55% with an observed-to-expected CpG dinucleotide

frequency of 0.6 [54], [55].
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Transcription initiation regions of 60-70% of the genes are associated with CpG
islands [55]. These genes with CpG island containing promoters include
housekeeping genes that are constitutively expressed in all cell lines as well as

genes with tissue- and developmental stage-specific expression pattern [56], [S7].

CpG islands generally lack the TATA-box and properties of TATA-containing
promoters with distinct characteristics associated with CpG island containing
promoters. Unlike the TATA-containing promoters that have a strict site of
transcription initiation, CGI-containing promoters generally have a broad
transcription initiation region with multiple transcription initiation sites
characterized by genome-wide Cap Analysis of Gene Expression (CAGE) studies
that identify TSSs by sequencing of 5’ end of RNAs after cDNA conversion [58].
These generally constitutively active promoters often encode housekeeping genes
and are in a hypomethylated state that permits transcription. Also, CGI promoters
contain nucleosome-free regions able to bind transcription factors. Characterization
of transcription factor binding patterns to CGI promoters revealed that they are
enriched for certain factors such as Specificity Protein 1 (SP-1), Nuclear
Respiratory Factor 1 (NRF-1), E2F family of transcription factors, ETS
Transcription Factor family proteins [59]. Last but not least, Histone 3 Lysine 4
trimethylation (H3K4me3) has been proposed to be a histone mark associated with

CGI promoters [60], [61].

1.4  Aim of This Study

As a member of CXXC-Type Zinc Finger Family of proteins, CXXCS5 has been
suggested to act as a transcription factor and/or epigenetic regulator implicated in
various physiological and pathophysiological processes. The CXXC5 gene is
known to be regulated by a variety of distinct and/or integrated signaling pathways
including E2-ERa, retinoic acid, BMP4, and Wnt/ B-catenin signaling but

mechanisms underlying this regulation are largely unknown.
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The understanding of mechanisms by which the expression of CXXC5 is modulated
in various cells in a spatiotemporal manner would be critical for the diagnosis and
therapy of various pathologies to which CXXC5 might contribute. Since gene
expressions are largely driven by distinct promoter elements responding to diverse
signaling pathways, defining the promoter of the CXXC5 gene is the aim of my
thesis study.

CXXC5 has 14 transcript variants all of which encode the same protein.
Combinations of 11 exons scattered throughout the approximately 35 kb long gene
locus make up these 14 transcript variants. We predicted that identifying the main
transcript variant (the one that is mostly expressed) and its transcription start site(s)
is crucial in predicting the promoter region of CXXC5. The objective of this study
was therefore to determine and quantify the transcript variants expressed in ER-
positive and E2 responsive MCF7 breast adenocarcinoma cell line as well as in ER-
negative HL60 Acute Promyelocytic Leukemia cell line, in both of which CXXC5

is shown to contribute to phenotypic features.
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CHAPTER 2

MATERIALS AND METHODS

2.1 Cell Culture

MCF7 human breast adenocarcinoma and HL60 human peripheral blood acute
promyelocytic leukemia cell lines were grown in DMEM (Dulbecco’s Modified
Eagle’s medium; high glucose) supplemented with 8% fetal bovine serum, 1%
penicillin/streptomycin and 1% L-glutamine and 10 pg/ml Fungin (InvivoGen, San
Diego, CA, USA). Cells were maintained in 5% CO, humidified atmosphere at
37°C.

2.2 In silico Analyses

2.2.1 Transcript Databases

In order to identify the annotated transcript variants of CXXC5, we used different

databases including Ensembl (https://www.ensembl.org/index.html), National

Center for Biotechnology Information (NCBI, https://www.ncbi.nlm.nih.gov) and

University of California-Santa Cruz Genome Browser (UCSC,

https://genome.ucsc.edu/).

2.2.2 Transcript Variant Expression Levels

We used GTEx Portal (https://www.gtexportal.org/home/) database that contains

gene and transcript expression level data from different tissues.
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2.3 RNA Isolation and cDNA conversion

RNA was isolated from 90-100% confluent MCF7 cells and 1x10° cells/ml HL60
cells grown in T-75 tissue culture flasks. MCF7 cells were trypsinized and
collected in maintenance medium and HL60 cells grown in suspension were
directly collected. After centrifuging at 300 g for 6 minutes, cells were washed
twice with 1 x Phosphate Buffered Saline (PBS) by centrifuging at 600 g for 7
minutes. RNA was isolated from pelleted cells using the Zymo Research Quick-
RNA Miniprep Kit (ZymoResearch, Irvine, CA, USA) according to the
manufacturer’s instructions. RNA concentration and purity were assessed by
BioDrop micro-volume measurement platform. A PCR with GAPDH gene-specific
primers was carried out with the isolated RNA to see whether there was genomic
DNA contamination. 500 ng of isolated total RNA devoid of genomic DNA
contamination was subjected to reverse transcriptase reaction with the
ThermoFisher Scientific RevertAid First Strand cDNA Synthesis Kit
(ThermoFisher Scientific, Waltham, MA, USA) according to manufacturer’s
instructions. Briefly, first, annealing of 1 uL of 18-nucleotide long oligo d(T)
primer provided by the kit was to 500 ng of RNA in RNAse/DNAse free water was
carried out. To do this, 1 uL of oligo d(T) primer was added on 500 ng of RNA and
the volume was completed to 12,5 pL. with nuclease-free water provided by the
manufacturer. The mixture was incubated at 65°C for 5 minutes. After that, to
facilitate the annealing of primers, the mixture was immediately incubated on ice
for 2 minutes. Subsequently, a master mix composed of 5X Reaction Buffer, 10
mM dNTP, 20U RiboLock (RNase inhibitor), and 200U RevertAid Reverse
Transcriptase was prepared and the reaction volume was completed to 20 pL with
this master mix. The reaction was carried out by incubating the reaction mixture at
42°C for 1 hour. The reaction was terminated by a 5-minute-incubation at 70°C.

cDNA conversion was controlled with a PCR with GAPDH gene-specific primers.
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PCRs with primers specific to GAPDH gene were carried out according to the
following protocol: 20 puL reaction mixture was prepared with MgCl, buffer,10X
KCl buffer, 0.5 uM forward and reverse primers and SU Taq Polymerase
(ThermoFisher Scientific, Waltham, MA, USA). All PCR reactions were carried
out with Techne TC-5000 thermal cycler. Initial denaturation was carried out by
incubating the PCR mix at 95°C for 3 minutes. After that, denaturation, primer
annealing, and extension steps were carried out for 30 cycles. Denaturation was
carried out by incubating the PCR mix at 95°C for 30 seconds. Primer annealing
was carried out at 65°C for 30 seconds and product extension was carried out at
72°C for 30 seconds. After 30 cycles, the final extension was carried out by

incubating the mixture at 72°C for 10 minutes.

2.4  Amplification of Transcript Variants

cDNAs produced from total RNA isolates of each cell line were amplified by
nested rounds of PCR using primer pairs specific for each transcript variant of

CXXC5.

2.5 TA Cloning

CXXC5 transcript variants that were amplified from the cDNA pool were cloned in
pGEM-T and pGEM-T-Easy vectors for sequencing (Promega, Madison, WI,
USA) by TA cloning subsequent to gel extraction of PCR products with the
Zymoclean Gel DNA Recovery Kit (ZymoResearch, Irvine, CA, USA). Gel
extraction was carried out according to the manufacturer’s instructions. Briefly, the
gel slice containing DNA fragment of interest was dissolved in Agarose Dissolving
Buffer at 55°C and the DNA was cleaned with a wash buffer in a Zymo-Spin
column. After wash steps, the DNA was eluted from the column with MilliQ water.
TA cloning was carried out in 2X Rapid Ligation Buffer by T4 DNA Ligase

enzyme which was provided by Promega. The inserts were ligated to 50 ng of
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pGEM-T vector in a 6:1 molar ratio. The ligation mixture was prepared and
incubated at room temperature for 1 hour. After the ligation, vectors were
transformed into XL1 Blue competent cells. The transformation was carried out by
adding 90 puL of XL1 blue competent cells on the ligation reaction. After addition,
the cells were incubated on ice for 1 hour. Then, the transformation was carried out
by heat shock. The cells were incubated at 42°C for 45 seconds and transferred on
ice for incubation for 2 minutes. After transformation, cells were added 450 pl of
Luria Bertani (LB) Broth (Sigma-Aldrich) and incubated at 37°C for 1 hour in a
shaker at 180 rpm. After that, bacteria were centrifuged at 4000 g for 5 minutes to
remove the broth. The resultant pellet was dissolved in 50 ul of LB. The cells were
then plated on LB-agar plates containing 100 pg/ml ampicillin and spread with 1M
IPTG (lac operon inducer) and 40 ug/ml X-gal (B-galactosidase substrate) for the
blue-white screening of colonies. White colonies were selected and grown in 4 ml
of LB medium containing 100 pg/ml ampicillin. Colony PCR was carried out with
a forward primer specific to T7 promoter and a reverse primer specific to SP6
promoter to see whether the cells of selected colonies contain the insert carrying
plasmid. Plasmid isolation from positive colonies was carried out by using
QIAprep Spin Miniprep Kit (QIAGEN, Hilden, Germany). To control whether the
isolated plasmids contain specific inserts, PCR was carried out with insert specific

primers. Plasmids that contained specific inserts were sequenced subsequently.

2.6 c¢cDNA Walk

cDNA walk is a method adapted from the genome walk method which is used to
identify unknown sequences by using the DNA regions of known sequences [62].
cDNA walk was carried out by end-point PCR of MCF7 and HL60 cDNAs by
using 7 forward primers for CYXC5 Transcript Variant 2 and 6 forward primers for
CXXC5 Transcript Variant 3 that have overlapping sequences of 7-10 nucleotides

(Figure 2.1) (Figure 2.2). Together with these overlapping primers, a reverse
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primer from the Exon 10 and Exon 4 was used for the cDNA walk of TV2 and TV3

respectively.

—
—

Reverse
Primer

P2 <«

—
P1

Figure 2.1. Schematic representation of cDNA Walk of CXXC5 Transcript

Variant 2. Blue rectangles depict the exons on genome which is represented as a
black line. Red arrows represent the overlapping forward primers and black arrow

represent the reverse primer.

P6

—>
P5

—>

P4

—>
Reverse
P3 Primer
—>
P2 €<

Figure 2.2. Schematic representation of cDNA Walk of CXXCS5 Transcript
Variant 3. Blue rectangles depict the exons on the genome which is represented as
a black line. Red arrows represent the overlapping forward primers and the black

arrow represents the reverse primer.
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2.7 Quantitative PCR

Quantitative PCR (qPCR) was carried out by using the Sso Advanced™ Universal
SYBR Green Supermix (BIO-RAD, Hercules, CA, USA) on CFX Connect’™ Real-
Time PCR Detection System (BIO-RAD, Hercules, CA, USA). Primer pairs

amplifying detected transcript variants were used.

Expression levels were calculated by using an efficiency corrected form of
comparative 2 ““r method normalized by using RPLP0 expression levels and the

results are represented as two biological replicates [63].

2.8 Statistical Analyses

Graphs of qPCR analyses were plotted by using GraphPad Prism 7. Statistical
analyses were carried out by using One-way ANOVA with Tukey’s HSD post-hoc

test on Minitab 18 software.
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CHAPTER 3

RESULTS AND DISCUSSION

3.1 Determination of CXXC5 Transcript Variants Expressed in MCF7 and
HL60 Cell Lines

Genes can have multiple transcript variants (TVs) encoding the same protein,
encoding different variants of a protein, and/or non-coding transcript variants. The
transcript variants are formed as a result of usage of alternative promoters,
alternative exons and/or alternative splicing [64]. The expression and amount of

TVs can vary in a tissue-specific manner.

TVs are identified by the Expressed Sequence Tag (EST) method that involves the
generation of complementary DNA (¢cDNA) libraries from tissues and sequencing
of these libraries [65]. The identified transcripts are deposited in different databases

including Ensembl (https://www.ensembl.org/index.html), National Center for

Biotechnology Information (NCBI, https://www.ncbi.nlm.nih.gov) and University

of California-Santa Cruz (UCSC, https://genome.ucsc.edu/).

According to NCBI, CXXC35 has 14 transcripts all of which encode the same
protein. Figure 3.1, taken from NCBI, shows the schematic representation of these
variants that are enlisted according to the genomic locations of CXXC5 exons from

upstream to downstream (Figure 3.1).
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Figure 3.1. NCBI image of CXXCS5 transcript variants enlisted according to the
genomic location of the first exons of each variant, from upstream to downstream.

We have hypothesized that by determining the TSS(s) of the main transcript(s)
could be used to identify the promoter region(s) of CXXC5. To determine the main
transcript in predicting the promoter region, first, we explored the CXXCS5 TVs that
are expressed in ER-positive and E2-responsive MCF7 breast adenocarcinoma cell
line and ER-negative HL60 Acute Promyelocytic Leukemia cell line in which

CXXCS protein was initially identified [16].

To identify the CXXC5 TVs expressed in MCF7 and HL60 cell lines, we isolated
RNA from 90-100% confluent MCF7 cells and 1x10° cells/ml HL60 cells grown in
T-75 cell culture flasks. We converted the RNAs to cDNA and carried out end-
point Polymerase Chain Reactions (PCRs) with variant-specific primer pairs. PCRs
were carried out in multiple nested rounds PCR with nested primers when
necessary until a DNA band of the expected size was observed on an agarose gel.
Expected sized PCR products were gel extracted and sequenced following TA-
cloning to pGEM-T Easy vector (Supplementary Figures). TVs 1-3, 5-8, and 10
were detected in MCF7 cells while TVs 1-8 and 10 were detected in HL60 cells
(Table 3.1).
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Table 3.1 Detected transcript variants in MCF7 and HL60 cells.

Transcript MCF7 HL60
Variant (TV)
TV1 + +
TV2 + +
TV3 + +
TV4 - +
TV5S + +
TV6 + +
TV7 + +
TVS + +
TV9 - -
TV10 + +
TV11 - -
TV12 - -
TV13 - -
TV14 - -
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The only difference in CXXC5 TV expression between MCF7 and HL60 cell lines
was the presence of TV4 in HL60 suggesting little to no difference in transcript

variant expression in these two cell lines.

3.2 Quantification of CXXC5 Transcript Variants in MCF7 and HL60 Cell

Lines

3.2.1 In silico analyses of Expression Levels of CXXC5 Transcript

Variants

We initially carried out in silico analyses of CXXC5 Transcript Variants expression
levels. We used the GTEx Portal, which is a database of gene and transcript
expression levels in different tissues [66]. The database is a collection of results of
several molecular biology techniques to detect expression levels of transcripts, such
as Whole Genome Sequencing (WGS), Whole Exome Sequencing (WES) and
RNA-sequencing (RNA-seq). In the process of database formation, samples from

1000 individuals comprising 53 non-diseased tissues were analyzed.

We analyzed CXXC5 TV expression in breast tissue and blood; since our cell lines
of studies are cancers of these tissues. We observed in both breast tissue and blood
that TV2 and TV3, containing Exons 3, 10, 11, and Exons 4, 10, 11 respectively,

are the ones with the highest expression levels (Figure 3.2).
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Figure 3.2. GTEx Portal Analysis of CXXC5 TV expression levels in a) breast
tissue and b) blood tissue. TV2 and TV3 are observed to have the highest
expression levels in both tissues.

3.2.2 Quantification of CXXC5 Transcript Variants

After in silico studies, we isolated RNA from 90-100% confluent MCF7 cells and
1x10° cells/ml HL60 cells grown in T-75 cell culture flasks in order to be able to
quantify the transcript variants of CXXC5. Following cDNA conversion, we carried

out Quantitative PCR (qPCR) with TV-specific primer pairs (Figure 3.3).
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We calculated the relative expressions of CXXC5 TVs according to a commonly
used normalization gene, which is the ribosomal protein, large, PO, RPLP0, gene.
For the calculation of relative expressions of TVs, we used the efficiency corrected
form of comparative 2 “r method which can be utilized to compare relative

expressions of transcript pairs [63], [67], [68].
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Figure 3.3. Quantification of CXXC5 TVs in a) MCF7 and b) HL60 cells. RNA
was isolated from cells which were grown in DMEM-FBS containing growth
medium. RNA samples were converted to cDNA and cDNAs were subjected to
qPCR. Expression levels were calculated by using the efficiency corrected form of
comparative 2 method normalized by using RPLP0 expression levels. [3] The
expression level of Transcript Variant 1 was set to 100 and the expression levels of
other transcripts were adjusted accordingly and shown in logarithmic scale. The
results are the average of two biological replicates. Statistical analysis was
performed with One-Way ANOVA test with Tukey’s HSD test, 95% confidence
interval, p <0.05.

Our gPCR analyses revealed that CXYXC5 TV2, which contains Exons 3, 10, and 11
is the transcript that has the highest relative expression in both MCF7 and HL60
cells. This result is consistent with the GTEx Portal analyses, in which we observed
CXXC5 TV?2 to have the highest expression level among CXXC5 TVs. Thus, we
identified CXXC5 TV2 as the main transcript variant and we wanted to identify its
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Transcription Start Site (TSS) to be able to predict the region that contains the
putative promoter of CXXC5.

33 Determination of the Transcription Start Site of the Main Transcript

Variant of CXXC5

To determine the TSS of the main transcript, TV2, a cDNA walk method was
utilized. The cDNA walk is an approach that we adapted from the genome walking
method in which a known sequence of DNA is used to identify unknown sequences
through PCR amplification. In the cDNA walk, we used 7 forward primers were
designed annealing sites starting from the beginning of Exon 3 as shown in
databases such that, each one having 7-10 overlapping nucleotides with the
previous forward primer. We named the forward primers (FPs) Walk FP1-7. To
carry out cDNA walk, RNA was isolated from 90-100% confluent MCF7 cells and
1x10 6 cells/ml HL60 cells grown in T-75 cell culture flasks and converted to
cDNA. PCRs were carried out with the 7 forward primers and a reverse primer
from Exon 10. PCR results were visualized on 1% agarose gel and it was observed
that expected sized PCR products were amplified with first 5 of the primer sets
(Figure 3.4). The product of the fifth forward primer and the reverse primer from
Exon 10 from both MCF7 and HL60 cDNAs was cloned into pGEM-T vector
(Promega, Madison, WI, USA) by TA cloning and its specificity was confirmed by
sequencing. It was concluded that the transcription start site of TV2 was within the

21 bp region to which the FP5 anneals (hg38 chr5: 139648232-139648252).
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Figure 3.4. Agarose gel image of the cDNA Walk PCR of CXXC5 Transcript

Variant 2 with overlapping forward primers (FP1-7) from upstream of Exon 3
and a reverse primer from Exon 10. The products in lanes 1-7 are products of
FP1-7 and a reverse primer from Exon 10 with MCF7 cDNA template and the
products in lanes 1-7 are products of FP1-7 and a reverse primer from Exon 10
with HL60 ¢cDNA template. The first 5 forward primers (FP1-5) gave products with
both MCF7 and HL60 cDNA templates while the last two forward primers (FP6-7)
did not, suggesting that the 5’ end of the CXXC5 Transcript Variant 2 resides in the
region to which FP5 anneals (hg38 chr5: 139648232-139648252).

One of the recent approaches to identify 5’ ends of transcripts is 5’ Rapid
Amplification of cDNA Ends (5 RACE) in which an RNA oligo with a known
sequence called adaptor is used to detect unknown sequences at the 5° end of
transcripts [69]. Although prone to biases introduced by various factors such as the
secondary structure of RNA, G-C content, adaptor ligation efficiency, etc, this

technique is quite useful.

In our laboratory, 5 RACE was utilized to detect the 5° end of the main TV of
CXXC5, TV2. The sequencing of 5° RACE products revealed two different TSSs
for TV2 which are 21 bp upstream and 11 bp downstream of known TSS of TV2
(Figure 3.5). This suggests that a broad transcription start region is used, instead of

a single TSS, in the expression of TV2. The utilization of multiple TSSs in a broad
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region is one of the characteristics of CGI-containing promoters. Our results are
also reflected in our bioinformatics analyses showing that the transcription start
region of TV2 is found in a GC rich region with a GC base composition greater
than 50% and a CpG observed/expected ratio of more than 0.6. This is suggestive
of'a CG island. Altogether, these data suggest that the promoter of CXXC5 resides
within the transcription start region of TV2 and shows the characteristics of CGI

promoters.

Homo sapiens chromosome 5, GRCh38.p12 Primary Assembly
Sequence ID: NC_000005.10 Length: 181538259 Number of Matches: 1
Range 1: 139648232 to 139648476 GenBank Graphics

Score Expect Identities Gaps Strand
453 bits(245) 2e-125 245/245(100%) 0/245(0%) Plus/Plus

Features: 21431 bp at §' side: ubiquitin-conjugating enzyme E2 D2 isoform 2
32048 bp at 3' side: CXXC-type zinc finger protein 5
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Query 121 180

T
Sbjct 139648352 JGGCGGCA 139648411
Query 181 TG GO AAGAGC AGAC GCCC GAGC COAGC CACAAGAGCCOCAGAGCCTTATCCCCTo A 240

COLLLEERRLEEERLE R L L e e iLtrniinnl
Sbjct 139648412 |TGGCGGCAAGAGCAGACGCCCGAGCCGAGCGAGAAGAGCGGCAGAGCCTTATCCCCTGAY 139648471

Figure 3.5. NCBI Blast representation of TSSs of CXXCS. Our cDNA walk
(cW) and 5' RACE (5’R) approaches revealed several TSSs located at 60 bp
upstream, 21 bp upstream, and 11 bp downstream of the known TSS of TV2. Exon
3 sequence starting from the known TSS of TV2 is marked with red rectangles.
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34 Identification of a Novel Transcript Variant of CXXC5

34.1 Detection of a Novel Transcript Variant (NTV) of CXXC5

NCBI database indicates the presence of a CXXC5 TV, referred to as TV3. TV3
contains an 85-bp-long exon together with Exons 10 and 11 which contain the
coding sequence for CXXCS5. This small exon, Exon 4, is located 80 bp
downstream of the first exon of the main TV of CXXC5, TV2. Since we observed a
broad region of transcription initiation for CXXC5, as is the case for many CGI-
containing promoters, to obtain a better understanding of the range of transcription
initiation region, we also carried out cDNA walk for TV3 with 6 forward primers
(FP1-6) each one containing 7 overlapping nucleotides with the previous one and
spanning the intron between Exons 3 and 4 by using MCF7 and HL60 cDNAs
(Figure 3.6).
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Figure 3.6. Agarose gel image of the cDNA walk PCR of CXXC5 Transcript
Variant 3 with overlapping forward primers (FP1-6) from upstream of Exon 4
and a reverse primer from Exon 4. The products in lanes 1-6 are products of the
FP1-6 and a reverse primer from Exon 4 with MCF7 cDNA template and the
products in the last 6 lanes are the products of the FP1-6 and a reverse primer from
Exon 4 with HL60 cDNA template. All the primer sets encompassing the intron
between Exons 3 and 4 gave products, suggesting the presence of a novel transcript

variant that contains both Exons 3 and 4.

All the forward primers spanning the intron between Exons 3 and 4 gave specific
products with their corresponding reverse primer and the last forward primer, FP6,
which has 5 nucleotides annealing to Exon 3. This led to our prediction that there
might be a novel transcript variant that contains both Exons 3 and 4. To test this
prediction, we carried out PCR with a 21-bp-long forward primer together with a
reverse primer from Exon 10. The forward primer had 18 nucleotides annealing to
Exon 3 and 3 nucleotides annealing to Intron 3. We couldn’t use a forward primer
that completely anneals to Exon 3. This was because, primer pairs from Exon 3
and Exon 10 selectively amplified the main transcript variant, TV2. This
consequently prevents the assessment of the presence of the novel transcript variant

containing both Exons 3 and 4 in agarose gel electrophoresis. However, when we
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cloned the and sequenced the generated PCR amplicon, we confirmed the presence

of a novel transcript variant of CXXCJ5 in both MCF7 and HL60 cells (Figure 3.7).

| I
luu m.“ Ut
1|II|'.!L! II |||. A

Exon3 Intron 3

gl Sl i_. biLiL, \' J “'"ln l”'l'"'||'|”|"'l Mt |||

TIGGACEACTCGHAGNE A GG TAGE TETC GG GOACGECCCTCOCTOG ACCCODOC CEGAGGLLGGICCCCTINE

Iritron 3

Intron 3

CTTCCCCGCETACCTCCCTETCCTCCOOGGEETTCG GTHGLG G0N GHHE

Exgn 10

GTTCAGAGCGALGACATTTOCALCTGGACACCTGACCATG TGOCTGLCT

TGACCAGOGA G0 OCACCAG GEATCTC TG TTGTG GoCAG CAGG GOCAGGTCC TG GTC TG TG GACCCTOGGCAGTT

GGCAGGCTCOCTCTGCAG THEGGTCTGG OCACCATGTOG AGCCTCGGCGG TGGCTCCCAGGATGLT

GECGECAGTAGCAGCAACASC AN ARTC CLAGCECTEECAGTEE CAGCAGTEECCCAAAG GLAG GAGCAG
Exon 10

TIGGADGACTCGGAGAG C0GGTAG GTGTOG GGOCAL GG OCCTCOCTOGACDCCCIDCGGAGGOCGGCOCCTIOC

Intron3

CTTECCCG O TACCTECETETCET O COC G EGETTCGET

GCAGGGOCAGGTOCTGGTLTG TGEACCCTTG GLAG TT

GECAGGCTOOCTETEOAG THGEG TETEGGCCTOG UL ICACCA TE TCEAGCCTOGECGE TEOCTOC CAGGATGET

Figure 3.7. Sequencing result of novel transcript variant of CXXC5 in a) MCF7

b) HL60 cells. Red nucleotides show Exon 3 sequences, black nucleotides indicate

Intron 3 sequences, green nucleotides show Exon 4 sequences and blue nucleotides

signifies Exon 10 sequences.

3.4.2 Quantification of NTV

We wanted to quantify the NTV in MCF7 and HL60 cells to compare its

expression levels with the main TV, TV2, and the other transcript variant that

contains Exon 4, TV3. We used the efficiency corrected form of comparative

2—ACT

method to compare the expression levels of the three transcript variants (Figure

3.8)
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Figure 3.8. Quantification of the level of the Novel CXXC5 Transcript Variant
(NTV) containing Exons 3, 4, 10 and 11 and comparison with TV2 and TV3 in a)
MCF7 and b) HL60 cells. Expression levels were calculated by using the efficiency
corrected form of comparative 27 method normalized by using RPLPO
expression levels. [3] The expression level of NTV was set to 100 and the
expression levels of other transcripts were adjusted accordingly and shown in
logarithmic scale. The results are the average of two biological replicates.
Statistical analysis was performed with One-Way ANOVA test with Tukey’s HSD

test, 95% confidence interval, p < 0.05.
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Our results revealed that the expression levels of the NTV are substantially lower
than those of TV2 in both MCF7 and HL60 cell lines. In conclusion, the NTV is a
newly identified transcript variant of CXXC5 whose expression is a result of broad
transcription initiation region which is a characteristic of CGI-containing

promoters.
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CHAPTER 4

CONCLUSION AND FUTURE DIRECTIONS

CXXC5 is a gene whose expression has previously shown to be regulated by
various signaling pathways. The deregulations in the expression of CXXC5 have
been implicated in different disease states including various cancers. ERa + breast
cancers are among the malignancies in which CXXC5 has been shown to be a
potential prognostic factor and therapeutic target. In our laboratory, CXXC5 has
been shown to be an estrogen-responsive gene. This renders it crucial to elucidate
the mechanisms through which CXXC35 is expressed to be able to have a better
understanding of the role of CXXCS5 in various physiologies and
pathophysiologies. Identification and characterization of the promoter region of the
CXXCS5 gene is critical in understanding of the regulation of the CXXC5 gene

expression.

CXXCS5 has 14 transcript variants all of which encode the same protein. This
information led us to hypothesize that the promoter region could reside in close
proximity to the transcription start site of the main transcript variant which shows
the highest expression levels. We used MCF7 cell line, which is an ERa + breast
adenocarcinoma model and HL60, acute promyelocytic leukemia cell line which

does not express ERa and thus, is not responsive to E2.
Our studies revealed several findings that could be summarized as follows:

1. 8 of the 14 previously annotated CXXCS5 transcript variants are expressed in
MCF7 cells and 9 of the 14 previously annotated CXXC5 transcript variants
are expressed in HL60 cells suggesting that the expression patterns of
CXXC5 transcript variants are similar in these cell lines.

2. CXXC5 Transcript Variant 2, which contains Exons 3, 10 and 11, is
identified as the main transcript variant of CXXC35, since it is the one with
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the highest expression level in both cell lines. This finding is consistent
with the previously obtained high-throughput data that is deposited as a
database called GTEx Portal. The GTEx Portal analysis shows that CXXC5
Transcript Variant 2 has the highest expression levels in breast tissue and
blood.

3. Our studies to identify the transcription start site of the main transcript
variant of CXXC35 revealed multiple transcription start sites scattered around
the 100 bp region encompassing the previously annotated transcription start
site of CXXC5 Transcript Variant 2. This suggests that the variant has a
transcription initiation region, rather than a defined site. This is a
characteristic of CGI-containing promoters and the GC-content
characteristic of this region suggests that a CGI-containing promoter might
be driving the expression of CXXC5.

4. Our studies to have a grasp of the ranges of transcription initiation region of
CXXC5 revealed the presence of a novel transcript variant that contains
Exons 3,4, 10 and 11 in both MCF7 and HL60 cell lines. This variant’s
expression levels are substantially lower than that of the main transcript
variant. Exons 3 and 4 are located in close proximity on the genome and the
presence of such a transcript can be a result of the broad transcription
initiation region from which the expressions of transcript variants that
contain Exons 3 and 4 are driven.

Our studies to identify the location of the promoter region of CXXC5 focused
on the region in the genome that contains Exons 3 and 4. Luciferase studies
carried out in our laboratory identified a regulatory region located at the
beginning of Exon 3. The epigenetic characterization of this region, carried out
in our laboratory, revealed a hypomethylated state and histone modifications
that are markers of active transcription. This region has also been shown in our
studies to have a nucleosome-free region. All in all, these epigenetic
characteristics also suggest this region to be a CGI-containing promoter that
drives the expression of CXXC5. The transcription factor binding
characterization was also carried out in our laboratory by promoter-pulldown
assays and Chromatin Immunoprecipitation (ChIP). Several CGI-promoter
associated proteins were shown to bind to this region, further supporting the

CGI promoter characteristic of this region.
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CRISPR-Cas9 is an emerging method to induce various changes to the genome,
including insertions and deletions as well as epigenetic changes by the
recruitment of chromatin modifying proteins. This technique can be quite
useful in the verification of the effect of the CXXCS5 promoter region identified

in our laboratory on the gene’s expression.

As previously indicated, CXXC5 is regulated by a number of signaling
pathways. Most of these pathways involve the direct or indirect interaction of
transcription factors with the DNA. These transcription factors can either act by
binding to gene promoters or to other regulatory regions such as enhancers.
One of these regulatory regions is an Estrogen Response Element (ERE)
identified in our laboratory. It is located at 242 bp upstream of translation
initiation site and the linear distance between this ERE and the CXXC5
promoter is approximately 30-kb. The interaction of such distal regulatory sites
with promoters is mediated by chromatin loops. Investigating the regions that
interact with CXXCJ5 promoter can be crucial to address the regulatory

mechanisms of CXXC5 in response to signaling pathways including estrogens.
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CHAPTER 5

SUPPLEMENTARY DATA

TV1-MCF7

e
Exon 10 Exon 11
—> E
Exon 3 ‘ Exon9  Exon10  Exon 11

— o«
Exon 3 ‘ Exon 9 Exon 10 Exon 11 3rdRd PCR

Homo sapiens CXXC finger protein 5 (CXXCS5), transcript variant 1, mRNA

Seq 10: NM_001317199.1 Length: 2776 Number of Matches: 1
Range 1: 511 to 632 GenBank Graphics
Score Expect Identities Gaps Strand
226 bits(122) 4e-58 122/122(100%) 0/122(0%) Plus/Minus
Query 1 TTGGGAAGCAGAGGCAGGCAGA TTGAGCTCAGGAGTTTTGAGACCACCCTGGACAA 60
X |||I|I|l[|||||l||||]|[[[||]||||[||I||||I||||||||I||I||||||||
Sbjct 632 TTGGGAAGCAGAGGCAGGT AGGAGTTTTGAGACCACCCTGGACAA 573
Query 61  CATGGTGAAACTCTATCTCGGCTCTCCGAGTCGT CC»\AG(CGCCACCGCC GTCGCCG 120
X |||||||||||| [||||1|l|l||]|l||| LLLLEELELLLLELEETLTL]
Sbjct 572 CATGGTGAAACT! T TCTCGGCTCTCCGAGTCGTCCAA C ICCACCGCCGC GTCG(CG 513

Query 121 (G 122
Sbjet 512 CG 511

TV1-HL60

<«

Exon 3 Exon 9 Exon 10 Exon 11
—> -

Exon 3 ‘ Exon 9 Exon 10 Exon 11

> <
Exon 3 ‘ Exon 9 Exon 10 Exon 11 3rdRd PCR

Homo sapiens CXXC finger protein 5 (CXXCS5), transcript variant 1, mRNA

S 10: NM_001317199.1 Length: 2776 Number of Matches: 1
Range 1: 528 to 632 GanBank Graghics
Score Expect Identities Gaps Strand
195 bits(105) Qe-49 105/105(100%) 0/105(0%) Plus/Minus
Query 1 TTGGGAAGCAGAGGCAGGCAGATCGCTTGAGC »56646 TTGAGACCACCCTGGACAA

) IIIII]IIIIlllIIIIIIIIIIII[III]IIIIII LILLELLLEEELELLELL T
Sbjct 632 TTGGGAAGCAGAGGCAGGCAGATCGCTTGAGC T(»GGA TTTT GACCACCCT C»\A 573
bt 11 ryyy i 0 e
Sbjct 572 CATGGTGAAACTCTATCTCGGCTCTCCGAGTCGT! CAAGCC 528

Figure 5.1. Schematic representation of the locations of primers used to amplify
CXXC5 TV1 from MCF7 and HL60 cDNAs and the Nucleotide BLAST image of

the sequencing result.
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TV2-MCF7
- <
BWAH Exon3 Exon 10 Exon 11

Homo sapiens CXXC finger protein 5 (CXXCS5), transcript vaniant 2, mRNA

Sequence 10: NM_016463 8 Length: 2682 Number of Matches: 1

Range 1: 452 to 627 GenBank Goachics

Score Expect Identities Gaps Strand

326 bits(176) 6e-88 176/176(100%) 0/176(0%) Plus/Minus

Query 1 T('INGTGAIKYO((T?G}GGGCI("'CGC76(}(7666(?6'6(?(|‘|ﬂl’66'|f(766767?(|&66|'|766 60

soice 627 AGMEdIE e tedidddedladithredtdddtétddidatts ses

e o iy

Sbjct 567 MAT&TC"‘CA&\' é&rcrcé T!é?(lMéé( éAiC&i 461‘( ! G 508

Query 121 A T TCCOCTCT! ACCACCGCC 176
?IIII 1L I?I lllilﬁﬁllilllil | IIIIII?ﬁIﬁI

spjct 507 C AGGGAGCT: TCCGCTCT ACCACCGLCGC 452

TV2-HL60

R ©on3  Exon10  Bxon11

Homo sapiens CXXC finger protein 5 (CXXC5), transcript variant 2, mMRNA
Sequence ID: NM_016463 8 Length: 2682 Number of Matches: 1

Range 1: 452 to 627 GenBank Graghics

Score Expect Identities Gaps Strand

326 bits(176) 6e-88 176/176(100%) 0/176(0%) Plus/Minus

Query 1 cwecc«:mcc« TCAGGGCAGGCACATGGTCAGGTGTCCAGGTGG 60
IIIIII IIIlllII|II[I|lIIlII[II[IIII[IIIII[II]||I11[||I|1||||

sbjct 627 568

Query 61 ARATGTCTTCACTCGGCTCTCCGAGTCGTCCAAGCCGCCACCGLCGCCGTC! 120
IIIIIIIIIIll[llII||||IIIIIIIIIIIIIIIIIIIIlII]IIIlllIIIIlIIII

Sbjct 567 AAATGTCTTCACTCGGCTCTCCGAGTCGTCCAAGCCGCCACCGCCGCCGTCGCCGLGAGG 508

Query 121 CCGAGGGGGAGGGGCGGGGCAGGGAGCTGC TCTGGGCACCACCGE! c 6 176

) IIIIIIIIIIll[IIIII[II[II[IIIIIIIlII[II LELLERLEELLELLLLL

Sbjct 507 CCGAGGGGGAGGGGCGEGGCAGGGAGCTGL GGG(C CCGCCGCG 452

Figure 5.2. Schematic representation of the locations of primers used to amplify
CXXC5 TV2 from MCF7 and HL60 cDNAs and the Nucleotide BLAST image of

the sequencing result.
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TV3-MCF7
— <«

EVEY Exond Exon 10 Exon 11

Homo sapiens CXXC finger protein 5 (CXXC5), transcript variant 3, mRNA
Seq 10: NM_001317200.1 Length: 2213 Number of Matches: 1

Range 1: 53 to 158 GenBank Graghics

Score Expect Identities Gaps Strand
196 bits(106) 2e-49 106/106(100%) 0/106(0%) Plus/Plus
Query 1 AAGTTTGGCTGCGCGGGTTCCCCCGAAGTT: TTCCACCTGGACACCT

lIlII]II[IIIIIIIIIIIIII|I[[l|l|||l|l||| ||
Sbjct 53  AAGTTTGGCTGCGCGGGTTCCCCCGAAGTT

Query 61  GACCATGTGCCTGCCCTGAGCAGCGAGGC (91
IIIIIIIIIIIIIIIIII|I|IIIIll1I|IIIl|| | 1]
Sbjct 113 GACCATGTGCCTGCCCTGAGCAGCGAGGL! (AGG(AT TC

ILLLTITLTL

lIIIII |
CATTTCCACCTGGACACCT 112
i
TGT 158

TV3-HL60
- —

TV 3: Exon 4 Exon 10 Exon 11

Homo sapiens CXXC finger protein 5 (CXXC5), transcript variant 3, mMRNA
Seq e 1ID: NM_001317200.1 Length: 2213 Number of Matches: 1

Range 1: 53 to 206 GenBank Graghics

Score Expect Identities Gaps Strand
285 bits(154) 8e-76 154/154(100%) 0/154(0%) Plus/Minus
Query 1 GCCGAGGGTC CTGGCCCTGCTGCCCACAACAGAGATG 60
) III]II]IIIl[IIIIlIIIIlIlIIIlIIIIIlIIlIIIII]IIII]II[[IIIIIIII
Sbjct 206 GACCAGGACCTGGCCCTGCTGCCCACAACAGAGATG 147
Query 61 AGGGC, 120
IIIII|lIII[lI|IIIIIIIIIlIIIIIIII|lIIlI|II||I||III|III1IIIIII
Sbjct 146 GGTGGGCCTCGCTGCTCAGGGCAGGCACATGGTCAGGTGTCCAGGTGGAAATGTCTTCAC 87
Query 121 TCTGAACTTCGGGGGAACCC G(AGCCMAC 154
A IIIIIlIIIl[IIII[II]I[IlIII[III
Sbjct 86 ( CTTCGGGGCAACCCGCGCAGCCAAAL 53

Figure 5.3. Schematic representation of the locations of primers used to amplify
CXXC5 TV3 from MCF7 and HL60 ¢cDNAs and the Nucleotide BLAST image of

the sequencing result.
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TV4-HL60

Va4

Exon 1 Exon 10 Exon 11

Homo sapiens CXXC finger protein 5 (CXXC5), transcript variant 4, mRNA
Sequence 10: NM_001317201.1 Length: 2265 Number of Matches: 1

Range 1: 26 to 187 GenBank Graphics

Score Expect Identities Gaps Strand
300 bits(162) 3e-80 162/162(100%) 0/162(0%) Plus/Plus
Query 1 CCTTGCA c..:...rct (Cddddeld ,.AM GGAGAAAACTTCCA 60
IIIIIIIIIIIIIIII IIIII||||I||I|||II!I||[]|| III[III[IIIIIIII

Sbjct 26 CCTTGCACAAATCCGCCCCCACGRATC GGAGAAAA 8s
Query 61 TTGGGATTATATGCAGT TGGGATTATATGAGCCCGGGGCTTGCACCATGGAGTGAAGA 120

X IIIlI[IlI[III[IIIIIIIIIIIIIIIIIIIIII IIIlIII[IIlIII[II[IIIII
Sbjct 86 TTGGGATTATATGCAGT TGGGATTATATGAGCCCGGGGCTTGCACCATGGAG 145
Query 121 (ATTTCCAC(TGG»-(-((TGAC(—TGTGCCTGCCCTGAG AG 162

A PULLULUEDLRLEEEEEEEEEEER i L L iiiil
Sbjct 146 CATTTCCACCTGGACACCTGACCATGTGCCTGCCCTGAGCAG 187

Figure 5.4. Schematic representation of the locations of primers used to amplify
CXXC5 TV4 from HL60 cDNA and the Nucleotide BLAST image of the

sequencing result.
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TV5-MCF7

%e

EVEH Exon2 Exon 10 Exon 11

Homo sapiens CXXC finger protein 5 (CXXC5), transcript variant 5, mRNA

S 10: NM_001317202.1 Length: 2229 Number of Matches: 1
Range 1: 74 to 207 GenBank Graphics
Score Expect Identities Gaps Strand
243 bits(131) 4e-63 133/134(99%) 0/134(0%) Plus/Plus
Query 1 GGCAGAAAGATAGCAGATTTCCCC YTYCCACCYGGACAC(YGACCA 60

X |I||||l[1|||||[|l|l|||||||[||I|||[|||] LI |l|||||||||||l|]
Sbjct 74 AGCAGATTTCC GACATTTCCACCT CCTGACCA 133
Query 61  TGTGCCTGCCCTGAGCGGCGAGGCCCACCAGGCATCTCTGT G GGGCAGCAGGGCC, 12¢

PLLLLELEETELLLL ||||||||||||||||||||| I ||||1||||||||||l
Sbjct 134 TGTGCCTGCCCTGAGCAGCGA CACCAGGCATCTCTGTTGTGGGCAGCAGGGCCAGE 193
oy 52 TRT 24
Sbjct 194 GGTCTGTGGA 207
TV5-HL60
- <

BWEN Exon2 Exon 10 Exon 11

Homo sapiens CXXC finger protein 5 (CXXC5), transcript variant 5, mRNA
10: NM_001317202.1 Length: 2229 Number of Matches: 1

Range 1: 74 to 222 GenBank Grachis

Score Expect Identities Gaps Strand
276 bits(149) Se-73 149/149(100%) 0/149(0%) Plus/Plus
Query 1 GGCAGAAAGATAG CCGGAGAGTGAAGACATTTCCACCTGGACACCTGACCA 60

) IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlIII[IIIII[IIIIII[IIIII[I Il
Sbjct 74  GGCAGAAAGATAGH CCGGAGAGTGAAGACATTTCCACCTGGACACCTGA 133
Query 61 GTGCCTGCC TGAGCAGC GGCATCTCTGTTGTGGGC 120

) ILTITITT] II|IIIIII|IIIIIIIIIIIl|[I[I[I[I [[lllllll[l[lll
Sbjct 134 TGTGCCTGCCCT! TCTGTTGTGGGCAGCAGGGCCAGG 193
il 111111310 1
Sbject 194 TCCTGGTCTGTGGACCCT CGGCAGTTGGC

Figure 5.5. Schematic representation of the locations of primers used to amplify
CXXC5 TVS from MCF7 and HL60 cDNAs and the Nucleotide BLAST image of

the sequencing result.
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TV6-MCF7
%
Exon 4 Exon 7 Exon 10 Exon 11
e

e

TV 6: IRELLES Exon 7 Exon 10 Exon 11

Homo sapiens CXXC finger protein 5 (CXXC5), transcript variant 6, mMRNA
S 10: NM_001317203.1 Length: 2437 Number of Matches: 1

Range 1: 205 to 360 GanBank Graphics

Score Expect Identities Gaps Strand
289 bits(156) 6e-77 156/156(100%) 0/156(0%) Plus/Minus
Query 1 CAGGGCAGGCACATGGTCAGGTGTCCAGGTGGAAATGTCTTCACTCTGTTCCAG 60
X IlIIlIIlIIlIIIIIIIlIIlIIIIIII[II|IIIII|[||III|I[III[IIIIIII]
Sbjct 360 CAGGGCAGGCACATGGTCAGGTGTCCAGGTGRAAATGTCTTCACTCTETTCC 301
Query 61 CAGCCAGGTCACCGGGGTCCCTCTGCCCAGCTTGCCCGGAAGCTGCACG 12¢
IIIIIIIlI|]I|IIIIIIII]IIIIIIIlII|I|[II|[IIIII]|[IIIIIIIII|II
Sbjct 300 CCAGCCAGGTCACCGGEETCCCTCTGCCCAGCTTGCCCGGAAGCTGCACGTC 241
Query 121 GGGTCAGCACTGACGTCAGCAAGACTGGCCEG 156
. IlIIIIIIIIIIIIIIIIIIIlIIIIIIIIIIIIII
Sbjct 240 GTGGGETCAGCACTGACGTCAGCAAGACTGGCCEE
TV6-HL60
<
—

Exon 4 Exon 7 Exon 10 Exon 11 1st Rd PCR

TV 6: RECLES Exon Exo! Exon 11 2ndRd PCR

Homo sapiens CXXC finger protein 5 (CXXCS), transcnipt vanant 6, mRNA
Sequence 10: NM_001317203 1 Length: 2437 Number of Matches: 1

Range 11 215 to 417 Genflank Geachicy
Score Expect Identities Gaps Strand
375 bits(203) 7e-103  203/203(100%) 0/203(0%) Plus/Plus
Query 1 TTGKTOACOTCAGTOCTOACCCACTOOIGACOTOCAGC TTCCOOOCAMICTOOACAGAC0

IR s s s s aan Ny
Sbjct 215 TTGCTGACGTCAGTGCTGACCCACTGOAGACGTGCAGC TTCCOGGCAMKTGO0CAGAGS 274

oSl 111 A
Sojet 275 GACCCCGOTCACCTOOCTCOGCACCCCTOOAACACAGTOAMGACATTTCCACCTCOACAL 3
de 121 SIS
sojet 335 CTGACCATOTGLCTOCCCTRAGCAGK GAGGLCCACCAGGLATCTCTOTTOTOOOCAGCAS 394
dev 1 EAIIRITIING
Sojct 395 GOCCAGGTCCTGATCTOTGAACC 417

Figure 5.6. Schematic representation of the locations of primers used to amplify
CXXC5 TV6 from MCF7 and HL60 cDNAs and the Nucleotide BLAST image of

the sequencing result.
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TV7-MCF7

—> —

Exon 4 Exon 9 Exon 10 Exon 11
—> —

Exon 4 Exon 9 Exon 10 Exon 11
— “«

Exon 4 Exon 9 Exon 10 Exon 11

Homo sapiens CXXC finger protein 5 (CXXCS5), transcript variant 7, mMRNA
Sequence ID: NM_001317204.1 Length: 2307 Number of Matches: 1

Range 1: 53 to 136 GanBank Graphics

Score Expect Identities Gaps Strand
150 bits(81) le-35 83/84(99%) 0/84(0%) Plus/Plus
Query 1 AAGTTTGGCTGCGCGGGTTCCCCCGAAGTTCAGAGGTAGAGT rc,:cc,nenercc.:

. LLLLLLEEELERLEELELEEEEEEELLLLEEEEEE LELLELLEELEEL LT LT
Sbjct 53  AAGTTTGGCTGCGCGGGTTCCCCCGAAGTTCAGAGATAGAGTTTCACCATGTTGTCCAGE 112
ooy 1 Ty i iy
Sbjct 113 GTGGTCTCAAAACTCCTGAGCTCA 136
TV7-HL60

— —

Exon 4 Exon 9 Exon 10 Exon 11
—> —

Exon 4 Exon 9 Exon 10 Exon 11
— —

Exon 4 Exon 9 Exon 10 Exon 11

Homo sapiens CXXC finger protein 5 (CXXC5), transcript variant 7, mRNA

Seq 10: NM_001317204.1 Length: 2307 Number of Matches: 1
Range 1: 53 to 164 GanBank Graphics
Score Expect Identities Gaps Strand
207 bits(112) le-52 112/112(100%) 0/112(0%) Plus/Plus
Query 1 TTGGCTGCGCGGGT TCC(CCGMG CAGAGATAGAGTTTCACCATGTTGTCCAGG
||||||||||l|||||[|||||| l||||||||||||l||1||l||||[||I||||||||
Sojct 53 GGCTGCGCGOATTCCCCCGAAGTTCAGAGATAGAGTTTCACCATGTTGTCCAGGE 112
Query 61 GGTCTCAAAAS C CCTGAGCTCAAGCGATCTGCCTGCCTCTGCTTCCCARA 112
|||| LECELELLEELEL LR L LEEELEL LT
Sbjct 113 GTGGTCTCAAAA T CCTGAGCTCAAGCGATCTGCCTGCCTCTGCTTCCCAAA 164

Figure 5.7. Schematic representation of the locations of primers used to amplify
CXXC5 TV7 from MCF7 and HL60 cDNAs and the Nucleotide BLAST image of

the sequencing result.
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TV8-MCF7

—> <«
IE:H Exon 5 Exon 10 Exon 11

Homo sapiens CXXC finger protein 5 (CXXCS5), transcript variant 8, mRNA

Seq 10: NM_001317205.1 Length: 2306 Number of Matches: 1
Range 1: 96 to 234 GenBank Graghics
Score Expect Identities Gaps Strand
257 bits(139) 2e-67 139/139(100%) 0/139(0%) Plus/Plus
Query 1 TCATCCTCGCAGTAGCTGGGTCTCTCCCAGGGACGCCCCTAGTCAGCCTTGGCCTCCCTC 60
. [III[I]I]III[II[I[IIIIII]IIH[I]IIIIIII[[[[]IIIII]II[l[lIIII
Sbjct 96  TCATCCTCGCAGTAGCTGGGTCTCTCCCAGGGACGCCCCTAGTCAGCCTTGGCCTCCCTC 155
Query 61  TCCATGCCACCTCCCTTTCCAAGAGTGAAGACATTTCCACCTGGACACCTGACCATGTGE 120
1 IlIIIIIIIIIIlIIIIIIIIIIIH IlIIIIIIIlI[I IIIIIIIIIIIlIIII
Sbjct 156 ch TGCCACCTCCCTT wcA CCA(CTGGA GACCATGTGC 215
Query 121 CTGCCCT GCAGC
A IIIl III[II[I[I
Sbjct 216 CTGC
TV8-HL60
WEH ExonS Exon 10 Exon 11
Homo sapiens CXXC finger protein 5 (CXXCS), transcript vaniant 8, mRNA
Sequence 10: NM_001317205.1 Length: 2306 Number of Matches: 1
Range 1: 96 to 282 Genflank Grachics
Score Expect Identities Gaps Strand
340 bits(184) 2e-92 186/187(99%) 0/187(0%) Plus/Plus
Query 1 ATCCTCGCASTAGCTGGGTCTCTCCCAGGRACGS ~6(C GCCTTGACCTCCCTC 60
|IIHIIIIIIIIIIII|II|lIIIH|IIIIII|1 l II I||I||l||||
Sojct 96 CCTCGCAGTAGCTGGGTC »1666-\(6( CTTGGCCTCCC
Query 61 TCCATGCCACCTCCCTTTCCAAGAGTGAAGACATTTCCACCT (»(C GACCATG 120
IIIIIIIIIII]IIIIIIIIIIIIIIIIIIIIIII]I | [ IIIIIII[III
Sbjct 156 TCCATGCCACCTCCCTTTCCAAGAGTGAAGACATT r«»\ CTGACCA 215
Query 121 CTGAGCAGH ((AGG(AT( (4(3 180
I|Il|l1||l|l|||||||I|[|II1I|I 111! I]IIIIlIIIIIIIII[IIIIIII
Sojct 216 AGCGAGGLCCACCAGGCATCTCT 6 GTGGGCAGCAGGECCAGS 275

Query 181 ?ﬁ}ﬂ? 187
Sbjet 276 GTCTGTG 282

Figure 5.8. Schematic representation of the locations of primers used to amplify

CXXC5 TVS from MCF7 and HL60 cDNAs and the Nucleotide BLAST image of

the sequencing result.
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TV10-MCF7

ﬁﬁ

TV 10: Exon 6 Exon 10 Exon 11

Homo sapiens CXXC finger protein 5 (CXXCS5), transcript variant 10, mRNA

Seq 10: NM_001317207.1 Length: 2215 Number of Matches: 1
Range 1: 65 to 188 GenBank Graphics
Score Expect Identities Gaps Strand
230 bits(124) 3e-59 124/124(100%) 0/124(0%) Plus/Plus
Query 1 CAGATGCTGTTTCATCGGTCGAGAGTGAAGACATTTCCACCTGGACACCTGACCATGTGE 60

. ||||||l|||]|||||||||||[||[]]|||||||||[|]||||||||l|]||||||[||
Sbjct 65  CAGATGCTGTTTCATCGGTCGAGAGTGAAGACATTTCCACCTGGACACCTGACCATGTGC 124
Query 61 CCCTGAGCAGCGAGGCCCACCAGGCATCTC YGTTGTGGC‘(A CAGGGCCAGGTC 120

|||||||||||||||||||[||[|l|||| ||||||||||||l||||||||[||
Sbjet 125 CTGCCCTGAGCAG! ACCAGGCATCTCT:! 184
Query 121 ?ﬁl 124
Sbjct 185 GICT 188
TV10-HL60
_—

TV 10: ERAELES Exon 1 m

Homo sapiens CXXC finger protein 5 (CXXC5), transcript variant 10, mMRNA

S 10: NM_001317207.1 Length: 2215 Number of Matches: 1
Range 1: 64 to 200 GenBank Graghics
Score Expect Identities Gaps Strand
248 bits(134) 9e-65 136/137(99%) 0/137(0%) Plus/Plus
Query 1 GATGCTG CATTTCCACCTGGACACCTGACCATGTG 60

. IlIlIIIIIl ||[IIII]IIIII|]IIII|III|[I[]I|IIIIII|I|II
Sbjct 64 GCTGTTTCATCGGTCGAGAGTGAAGACATTTCCACCTGGACACCTGACCATGTG 123
Query 61  CCTGCCCTGAGCAGCGAGGCCCACCAGGCATCTCTGTTGTGGGCGGCAGGGLC, 120

[11 1IIII ILLLLEELLETELLETL L II|I|I ) IIIlIIIIIIIIIII

Sojet 124 CCTGCCCTGAGCAGC GA CCACCAGGCATCTCTG TTGTGGG(AGCAGGG CAGGTCCT 183
ool 1111131 R
Sbjct 184 GGTCTGTGGACCCTCGG 200

Figure 5.9. Schematic representation of the locations of primers used to amplify
CXXC5 TV10 from MCF7 and HL60 cDNAs and the Nucleotide BLAST image of

the sequencing result.
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Table 5.1 GAPDH Primer Sequences.

Primer Name

Primer Sequence (5’ to 3°)

GAPDH Forward Primer

GGGAGCCAAAAGGGTCATCA

GAPDH Reverse Primer

TTTCTAGACGGCAGGTCAGGT

Table 5.2 Sequences of primers used for detection of transcript variants.

Transcript Forward Primer Forward Primer Reverse Primer Reverse Primer Reverse Primer
Variant Sequence (5” - 3) (1% Sequence (5° - 3°) Sequence (5” - 37) Sequence (5” - 37) Sequence (5 —3”)
Round) (2nd Round) (1% Round) (2nd Round) (3rd Round)
1 ATGTAGAGGCGGCG - TTGTCTGCTGCTC TTGGGAAGCAGA
GCAGCA CTGCCTTT GGCAGGCAGA
2 ATGTAGAGGCGGCG - ACCACCACTGCT TTGTCTGCTGCTC CATTGGTGCTG
GCAGCA GCCAAAAGA CTGCCTTT CTGCTGCTA
3 TGCAAGTCGGCGGA - TTGTCTGCTGCTC
AAGTTT CTGCCTTT
4 ACTGCGTTTTCTTCG GAAGGTCGGCC ACCACCACTGCT TTGTCTGCTGCTC
CCTCG TTGCACAAA GCCAAAAGA CTGCCTTT
5 GGCAGAAAGATAGC - ACCACCACTGCT TTGTCTGCTGCTC
AGATTTCCCC GCCAAAAGA CTGCCTTT
6 TGCAAGTCGGCGGA - TTGTCTGCTGCTC - -
AAGTTT CTGCCTTT
7 TGCAAGTCGGCGGA - TTGTCTGCTGCTC | - -
AAGTTT CTGCCTTT
8 GAGATGGGAACAGC CTCATCCTCGC ACCACCACTGCT TTGTCTGCTGCTC TTGGGAAGCA
TGAAGG AGTAGCTGG GCCAAAAGA CTGCCTTT GAGGCAGG
9 GCAGATGCTGTTTC GGGCTGATGGA TTGTCTGCTGCTC | TTGGGAAGCAGA
ATCGGTC GACAGATGT CTGCCTTT GGCAGG
10 GCAGATGCTGTTTC TTGTCTGCTGCTC CATTGGTGCTGCT
ATCGGTC CTGCCTTT GCTGCTA
11 GCTTAGCATTCCAG CAACCACGGAG ACCACCACTGCT TTGTCTGCTGCTC TTGGGAAGCA
GCCCTG AGGTGACA GCCAAAAGA CTGCCTTT GAGGCAGG
12 GCTTAGCATTCCAG CAACCACGGAG ACCACCACTGCT TTGTCTGCTGCTC TTGGGAAGCA
GCCCTG AGGTGACA GCCAAAAGA CTGCCTTT GAGGCAGG
13 GCTTAGCATTCCAG CAACCACGGAG ACCACCACTGCT TTGTCTGCTGCTC TTGGGAAGCA
GCCCTG AGGTGACA GCCAAAAGA CTGCCTTT GAGGCAGG
14 ATCTCCAAGTGCCC ACCACCACTGCT
CAGGTGG GCCAAAAGA
NTV GGACGACTCGGAG AAAGGCAGGAG
AGCCGGTA CAGCAGACAA
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Table 5.3 CXXC5 Transcript Variant 2 cDNA Walk Primer Sequences

Primer Primer Sequence (5’ to 3°) T, (°C) | DMSO
Name (%0)
TV2Pl | GTTTTGCCGGCAGCCCCCGGG 55 5
TV2P2 | GGAGCGGCGAGTCCGGTCCGG 55 5
TV2P3 | CGCATCTCGAGGTTGGGGGGAGGAGGGAGCGG | 65 5
TV2P4 | CGCATCTCGAGAGGTGGAGGGGGTTGGGGGGA | 65 5
TV2P5 | CGCATCTCGAGAGGGAGGGGAGCCGAGGTGGA | 65 5
TV2P6 | CGCATCTCGAGGAGGCGGCGGGAGGAGGGAGG | 55 5
TV2P7 | CGCATCTCGAGGCTGCGCTGGGAGGGAGGCGG | 55 5
TV2 CGCATAAGCTT TTGTCTGCTGCTCCTGCCTTT Same with | §
Reverse whichever
Primer forward

primer

was used
Table 5.4 CXXC5 Transcript Variant 3 cDNA Walk Primer Sequences
Primer Name Primer Sequence (5’ to 3’) Twm (°C) | DMSO (%)
TV3 Pl CGCCTACCTCCCTCTCCTC 60 5
TV3 P2 CTCCCCTTCCCCGCCTA 60 5
TV3 P3 GGAGGCCGGCCCCCTCeCCCTT | 60 5
TV3 P4 CCTCGACCCCCCCCGGAGGCC |60 5
TV3 P5 GGCCACGGCCCTCCCTCGAC 60 5
TV3 P6 AGCCGGTAGGTGTCGGGCCAC | 60 5
TV3 Reverse AACCCGCGCAGCCAAACTT 60 5
Primer
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Table 5.5 qPCR Primer Sequences

Transcript | Forward Primer Sequence Reverse Primer Sequence T DMS

Variant (5’ to 3’) (5’ to 3°) °0) (o)

1 CAGCTCGGGGGTGATTA | ATCGCTTGAGCTCAGGA 65 5
GTTG GTTT

2 CAGCTCGGGGGTGATTA | AACAGAGATGCCTGGTG 65 5
GTTG GGCCT

3 AAGTTTGGCTGCGCGGG | AACAGAGATGCCTGGTG 55 0
TT GGCCT

4 ACTGCGTTTTCTTCGCCT | TCCCAACTGCATATAATC 60 0
CG CCA

5 CGCGGCCAAATTCTCCC | CTCCGGGGAAATCTGCTA 60 5
TCCC TCT

6 TGCAAGTCGGCGGAAAG | ACATCTGTCTCCATCAGC 55 5
TTT CcC

7 TGCAAGTCGGCGGAAAG | ATCGCTTGAGCTCAGGA 65 0
TTT GTTT

8 AACAGCTGAAGGAGATT | CCAGCTACTGCGAGGAT 65 5
GGCC GAGG

10 AGCCTTCCCCAGGGGCC | AACAGAGATGCCTGGTG 55 0
TTGT GGCCT

NTV CTCCCCTTCCCCGCCTA AAAGGCAGGAGCAGCAG 60 5

ACAA
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APPENDICES

A. Genomic DNA (gDNA) Contamination Control PCR of MCF7 and HL60
RNAs

Figure 5.10. gDNA Contamination control PCR of MCF7 and HL60 RNAs was
carried out with primers specific for GAPDH gene locus. Only positive control

reaction with genomic DNA gave products (Third well after size marker).
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B. MCF7 and HL60 cDNA PCR

Figure 5.11. MCF7 and HL60 ¢cDNA PCR with GAPDH specific primers.
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C. MIQE ChecKklist

Table 5.6 MIQE Checklist

ITEM TO CHECK IMPORTANCE | CHECKLIST
EXPERIMENTAL DESIGN

Definition of experimental and control

E YES

groups
Number within each group E YES
Assay carried out by core lab or YES
investigator's lab? P
Acknowledgement of authors' - N/A
contributions

SAMPLE

Description E N/A
Volume/mass of sample processed D N/A
Microdissection or macrodissection E N/A
Processing procedure E N/A
If frozen - how and how quickly? E N/A
If fixed - with what, how quickly? E N/A
Sample storage conditions and duration N/A
(especially for FFPE samples) .
NUCLEIC ACID EXTRACTION

Procedure and/or instrumentation E YES
Name of kit and details of any . YES
modifications

Source of additional reagents used N/A
Details of DNase or RNAse treatment E YES
Contamination assessment (DNA or RNA) YES
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Table 5.6 (cont’d) MIQE Checklist

Nucleic acid quantification E YES
Instrument and method E YES
Purity (A260/A280) D YES
Yield D NO

RNA integrity method/instrument E YES

RIN/RQI or Cq of 3' and 5' transcripts E YES

Electrophoresis traces D YES
Inhibition testing (Cq dilutions, spike or YES
other) .

REVERSE TRANSCRIPTION
Complete reaction conditions YES
Amount of RNA and reaction volume E YES

Priming oligonucleotide (if using GSP) 4 YES
and concentration
Reverse transcriptase and concentration YES
Temperature and time YES
Manufacturer of reagents and catalogue YES

numbers b

Cgs with and without RT D* N/A
Storage conditions of cDNA D YES

qPCR TARGET INFORMATION

If multiplex, efficiency and LOD of each N/A

assay. .

Sequence accession number E YES

Location of amplicon D YES
Amplicon length E NO
In silico specificity screen (BLAST, etc) | E NO
Pseudogenes, retropseudogenes or other homologs? D YES
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Table 5.6 (cont’d) MIQE Checklist

Sequence alignment D YES
Secondary structure analysis of amplicon | D NO
Location of each primer by exon or intron B YES

(if applicable)

What splice variants are targeted? E YES
qPCR OLIGONUCLEOTIDES

Primer sequences E YES
RTPrimerDB Identification Number D N/A
Probe sequences D** N/A
Location and identity of any modifications | E N/A
Manufacturer of oligonucleotides NO
Purification method D NO
qPCR PROTOCOL

Complete reaction conditions E YES
Reaction volume and amount of YES
cDNA/DNA £

Primer, (probe), Mg++ and dANTP N/A
concentrations .

Polymerase identity and concentration E N/A
Buffer/kit identity and manufacturer E YES
Exact chemical constitution of the buffer | D N/A
Additives (SYBR Green I, DMSO, etc.) E YES
Manufacturer of plates/tubes and catalog D NO
number

Complete thermocycling parameters E YES
Reaction setup (manual/robotic) YES
Manufacturer of qPCR instrument E YES
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Table 5.6 (cont’d) MIQE Checklist

qPCR VALIDATION

Evidence of optimisation (from gradients) | D NO
Specificity (gel, sequence, melt, or digest) | E YES
For SYBR Green I, Cq of the NTC E YES
Standard curves with slope and y-intercept | E YES
PCR efficiency calculated from slope E YES
Confidence interval for PCR efficiency or D NO
standard error

12 of standard curve E YES
Linear dynamic range E YES
Cq variation at lower limit E YES
Confidence intervals throughout range D N/A
Evidence for limit of detection E NO
If multiplex, efficiency and LOD of each N/A
assay. .

DATA ANALYSIS

qPCR analysis program (source, version) | E YES
Cq method determination E YES
Outlier identification and disposition E N/A
Results of NTCs E YES
Justification of number and choice of YES
reference genes .

Description of normalisation method E YES
Number and concordance of biological YES
replicates P

Number and stage (RT or gPCR) of B YES
technical replicates

Repeatability (intra-assay variation) E YES
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Table 5.6 (cont’d) MIQE Checklist

Reproducibility (inter-assay variation, %CV) | D YES
Power analysis D NO

Statistical methods for result significance | E YES
Software (source, version) E YES
Cq or raw data submission using RDML D N/A
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D. Standard Curve and Melt Curve of qPCR Reactions

Transcript Variant 1 Standard Curve and Melt Curve

Standard Curve
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Transcript Variant 2 Standard Curve and Melt Curve

Cq
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Transcript Variant 3 Standard Curve and Melt Curve

Standard Curve
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Transcript Variant 4 Standard Curve and Melt Curve

Standard Curve
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Transcript Variant 5 Standard Curve and Melt Curve

Standard Curve
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Transcript Variant 6 Standard Curve and Melt Curve

Cq
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Transcript Variant 7 Standard Curve and Melt Curve
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Transcript Variant 8 Standard Curve and Melt Curve

Standard Curve
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Transcript Variant 10 Standard Curve and Melt Curve

Standard Curve
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