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Abstract — In a previous study using a new bioinformatic
approach based on Chip-Seq data with antibodies against
various transcription factors and histone modifications, ChiA-
PET, RNA-seq and ICGC data, 32 potentially regulatory single
-nucleotide polymorphisms (rSNPs) were associated with
colorectal cancer. In this study, a functional analysis of 6 of these
polymorphisms was performed using EMSA and the luciferase
reporter system. These nucleotide substitutions have been
shown to alter the binding of nuclear extract proteins and
influence the expression of the reporter gene.
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Introduction

Determining the molecular basis of genetic predisposition
to various diseases is a fundamental task of medical genetics.
Recently the main research area is to establish an association
between variants of nucleotide sequences and a particular
pathology, and the main tool is a Genome-Wide Association
Studies (GWAS). However, the study of associations does not
distinguish the polymorphism actually involved in pathology
from the marker one (linkage disequilibrium) [1]. Moreover,
GWAS does not provide information about the functionality
of these variants. So the molecular mechanisms of pathology
development remain unknown [2]. This is especially true for
SNPs located in non-coding regions, whose share in GWAS-
associated variants is about 90%. The functional interpretation
of these polymorphisms is the most difficult task [3, 4].

To understand the molecular sense of GWAS- associated
polymorphisms, different annotations are used. For example,
transcription factor binding motifs, histone modifications,
promoter, enhancer and super enhancer landscape in the
genome extracted from different functional genomics
databases, such as JASPAR, HOCOMOCO, ENCODE and
etc. In addition, alternative approaches to search for regulatory
polymorphisms (rSNPs) are being developed, for which the
primary goal is to determine the functionality of genetic
variants. For example, our laboratory has developed a
bioinformatic approach that allows to detect rSNPs. This
approach is based on the analysis of data on allelic asymmetry
of chromatin protein and transcription factors binding and
allelic asymmetry of gene expression. As a result, about 1,500
rSNPs were identified. Using data from the ICGC
(International Cancer Genome Consortium), 32 rSNPs were
associated with colorectal cancer (CRC) [5].
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The aim of the present study was to study the functional
significance of 6 polymorphisms from these 32 (rs590352
G>C, 1511542583 A >G, 153829202 T>C, 1578317230 T>C,
1s2072580 A>T, rs4796672 C>T) using EMSA and luciferase
reporter system.

Materials and Methods

Cell cultures

Human hepatoma cells HepG2, erythromyeloblastoid
leukemia cells K562, cervical cancer cells Hela were
cultivated in DMEM/F12 medium (GIBCO) with 10% fetal
bovine serum (Thermo Scientific HYCLONE). Colorectal
adenocarcinoma cells Caco2 were cultivated in DMEM/F12
medium (GIBCO) with 20% fetal bovine serum. Growth
medium contained 100 units/ml penicillin, and 100 mg/ml
streptomycin (Sigma). Growth conditions were 5% CO2 at
37°C. Confluence of the cell layer was controlled regularly
and cells were passaged at about 80% confluence to preserve
optimal growth conditions.

Isolation of nuclear extract proteins from HepG2, Caco2, K562,
HelLa cell lines

All manipulations were performed on ice; centrifugations
were performed at 12000 rpm and 4°C. 5x10° cells were
washed in 1ml ice-cold of PBS. Pellet was resuspended in a
volume of hypo-osmotic lysis buffer (0,3 M sucrose; 2%
Tween 40; 10 mM Hepes-KOH pH 7.9; 10 mM KCI; 1.5 mM
MgCly; 0.1 mM EDTA; 0.5 mM DTT). Cell lysate was
overlaid on 1 ml of 1.5 M sucrose buffer (1.5 M sucrose; 10
mM Hepes-KOH pH 7.9; 10 mM KClI; 1.5 mM MgCly; 0.1
mM EDTA; 0.5 mM DTT) and centrifuged for 10 min.
Nuclear pellet was resuspended in 1 ml of low-salt wash
buffer (10 mM Hepes-KOH pH 7.9; 10 mM KCI; 1.5 mM
MgCly; 0.1 mM EDTA; 0.5 mM DTT) and centrifuged for 30
sec. Washed nuclear pellet was resuspended in 50 pl of high-
salt extraction buffer (20 mM Hepes-KOH pH 7.9; 420 mM
NaCl; 1.5 mM MgCly; 0.2 mM EDTA; 0.5 mM DTT; 25%
glycerol). Following 20 min of extraction, the sample was
centrifuged for 20 min and the supernatant was retained as
nuclear proteins. All buffers contained Protease Inhibitor
Cocktail (100X) (Sigma). Nuclear extract proteins
concentration was measured using a Pierce BCA Protein
Assay Kit (Thermo Fisher Scientific).



Electrophoretic Mobility Shift Assays

For each of both alleles of SNPs forward and reverse
oligonucleotides were synthesized by BIOSSET Ltd. 31 bp
DNA-probes were obtained by annealing.

Kinase reaction was conducted for 30 min at 37 °C in 30
ul reaction mixture contained 300 ng DNA-probe, 3 pul 10x T4
polynucleotide kinase buffer (SibEnzime); 35x104 Bq [y -
32P] ATP; 5 active unit of T4- polynucleotide kinase
(SibEnzime) with following inactivation for 15 min at 65 °C.
The nuclear extract was incubated with sheared salmon sperm
DNA (1 pg of DNA per 7 pg of total protein) for 15 min at
0°C. After that 4 pug of extract was added to the probes which
contain 50 pM of labeled oligonucleotide. After incubation at
room temperature for 15 min the mixture was subjected to
electrophoresis in 4.5% PAAG in 0.5xTBE (89 mM Tris-
borate, 89 mM H3BO3,2 mM EDTA) at 4°C. Electrophoresis
was conducted for 45 min at a voltage of 10 V/cm. Then glass
plates containing polymerized gel were treated with fixing
solution (20% ethanol, 10% glacial acetic acid), dried and
scanned with a PharosFX system. Two to three independent
replicates were performed for each EMSA experiment.

Plasmid constructs

Choice of vector depended on location of polymorphism
in the gene. So, for SNPs located in the promoter regions, a
promoter-less plasmid was used, and for SNPs in the protein-
coding regions, a plasmid with a minimal promoter was used.
For each of both alleles of rs11542583 and rs590352 localized
in first exons (COG8 and ATXN7L3B respectively) forward
and reverse single, double and triple oligonucleotides were
annealed. The size of the single insert was 31 bp, double insert
— 62 bp, and triple — 93 bp. Then oligonucleotides were cloned
into a linearized pGL4.23[minP/luc]. For rs2072580 (-200bp
upstream of SART3 TSS) and rs78317230 (-200bp upstream
of U24F2 TSS) the DNA fragments (~ 500-bp) containing
promoter regions were amplified using the DNA samples from
patients homozygous for both alleles at first [6]. Then
amplicons were cloned into a linearized pGl3-Basic. All
constructs were confirmed by DNA sequencing.

Luciferase reporter assay

HepG2 cells were used for luciferase analysis. The
plasmids under study were co-transfected with pRL-TK using
Screen FectA (Incella GmbH, Germany). Luciferase activity
was measured 24 h after transfection using the dual-luciferase
reporter assay kit (Promega, USA). Relative light units from
firefly luciferase were normalized to renilla luciferase activity.
Differences in gene expression between plazmids carrying
alternative alleles were determined wusing t-test. All
experiments were conducted at least in technical and
biological triplicates.

Results

Using EMSA, it was shown that all nucleotide
substitutions G>C (rs590352), A>G (rs11542583), (T>C)
rs3829202, T>C (rs78317230), A>T (rs2072580), C>T
(rs4796672) change the pattern of nuclear extract proteins
binding. This happens at least for one of cell lines. For
example, in the case of rs78317230 DNA-probes containing T
allele (Fig.1A) or C allele (Fig.1B) bind nuclear proteins
differently. In Fig.1C one can see, that in contrast of
weakening some bands, others are intensified and new ones
appear. Also, this electrophoregram illustrates that DNA-
probes bind nuclear extract proteins of K562 and HepG2 more
actively in comparison to Caco2 and protein binding pattern
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(band position and intensity) for each cell line is unique. These
data may indicate in tissue specific effects.
a

5’ ~-GCCAGGGGGCAGTRAATGCCAGATCATCTGTC-3"
3’ -CGGTCCCCCGTCATTACGGTCTAGTAGACAG-5"

b

5’ -GCCAGGGGGCAGTAACGCCAGATCATCTGTC-3’
3" -CGGTCCCCCGTCATTGCGGTCTAGTAGACAG-5'

c

* %% K562 HepG2 Caco?2

T G T € T € T €
— ——

Fig. 1. a — nucleotide sequence of DNA-probe contaning allele T
rs78317230; b — nucleotide sequence of DNA-probe contaning allele
C 1s78317230; ¢ — EMSA results: *** — free DNA-probes; red
arrows — intensification/ appearance of bands in the case of T allele;
yellow arrows — intensification of bands in the presence of C allele.

As another example, result of EMSA for rs2072580
T>A is presented (Fig.2C). There are bands (red arrows in
Fig.2C) that indicate that nuclear extract proteins of HepG2
and Caco2 are bound better with DNA-probe containing A
allele. As for the nuclear extract proteins of K562, there are
bands demonstrating the better binding to both DNA-probes
carrying the A (red arrow) or T (yellow arrow) alleles
(Fig. 20).

a

5’ -ATGGCATGCGTTCCGACACAACTTCGGACAG-3"
3" -TACCGTACGCAAGGCTGTGTTGAAGCCTGTC-5"

b

5/ -ATGGCATGCGTTCCGTCACAACTTCGGACAG-3"
3’ -TACCGTACGCAAGGCAGTGTTGAAGCCTGTC-5"

c

HepG2 K562 Caco2
AT AT AT

Fig. 2. a — nucleotide sequence of DNA-probe contaning allele A
1s2072580; b — nucleotide sequence of DNA-probe contaning allele T
1s2072580; ¢ — EMSA: *** — free DNA-probes; red arrows — intensification/
appearance of bands in the case of A allele; yellow arrow — appearance of
bands in the presence of T allele.



Reporter constructs containing Luciferase gene were
created for 4 (rs590352, rs11542583, rs78317230, rs2072580)
of 6 polymorphisms. They were of two types: the first type are
constructs based on the plasmid with minimal promotor,
because SNPs (rs590352, rs11542583) are located in exon.
Constructions of this type included 3 subtypes - these are
constructions with a single insert, double and triple.
Constructions of the second type are constructs based on
promotor-less plasmid, because SNPs (rs78317230,
1s2072580) are located in the promoter region

It was shown that all studied nucleotide substitutions
influenced the expression of the reporter gene. So, in the case
of inserting the promoter region of U24F?2 containing allele
C (rs78317230) the expression of the reporter gene was
increased in comparison to allele T (Fig.3A). In the case of
inserting the SART3 promoter region with the allele T
(rs2072580) the expression of the reporter gene was
decreased in comparison to allele A (Fig.3B.) As for
rs11542583, in the case of single and double inserts with A
or G allele there was no significant difference in luciferase
expression. However, increase of expression was indicated
with triple insert of A allele (Fig.3C). Substitution G>C
(rs590352) in the case of double and triple oligonucleotide
inserts leads to reduced luciferase gene expression.
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Fig. 3. Effect of nucleotide substitutions on reporter gene expression.
a — normalized expression of firefly luciferase in the presence of T allele
(blue column) or C allele (orange column) rs78317230; » — normalized
expression of firefly luciferase in the presence of A allele (blue column) or
T allele (orange column) rs2072580; ¢ — normalized expression of firefly
luciferase in the presence of single, double and triple insert with A allele
(blue column) or G allele (orange column); n=3, * — p<0.05.
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Thus, based on the results of EMSA and the
luciferase reaction, it can be proposed that the studied
polymorphisms can affect the expression of the genes to
which they relate. 2 polymorphisms (rs590352 and
rs11542583) are located in the the protein-coding regions of
the genes (ATXN7L3B and COGS8 respectively) and are
synonymous substitutions. ATXN7L3B reduces the activity
of the SAGA complex that realizes cotranscriptional
modifications of histones participating in the regulation of
gene expression [7]. COGS8 is a component of the conserved
oligomeric Golgi complex and is involved in intracellular
membrane trafficking and glycoprotein modification. KLF6
gene (rs3829202) encodes a member of the Kruppel-like
family of transcription factors. It is a transcriptional activator,
and functions as a tumor suppressor. KRT15 (rs4796672)
encodes a member of the keratin gene family, coding for
intermediate filament proteins of epithelia [8]. According to
literature, a considerable increase in the KRT15 is observable
in hepatocellular carcinoma [9], squamous cell carcinoma in
non-small cell lung cancer [10], a subset of urothelium
cellcarcinomas [11], and cervical cancer [12]. U2A4F2
(rs78317230) encodes the U2AF large subunit which is
necessary for splicing. SART3 (rs2072580) encodes a
multifunctional protein involved in splicing and transcription
regulation [13]. Thus, the listed genes encode proteins that
perform important functions, therefore expression change of
these genes can lead to serious consequences.

Conclusions

As a result, it was shown that all single nucleotide
substitutions (rs590352 G>C, rs11542583 A>G, rs3829202
T>C, 1578317230 T>C, rs2072580 A>T, rs4796672 C>T)
affect the binding of nuclear proteins. This indicates their
regulatory potential. For 4 polymorphisms (rs590352,
rs11542583, rs78317230, rs2072580), it was confirmed in the
luciferase reaction.

ACKNOWLEDGMENT

This work was supported by the RFBR grant 18-29-09041
and Budget Project 0259-2019-0010-C-01.

REFERENCES

S.L. Edwards, J. Beesley, J.D. French, and A.M. Dunning, “Beyond
GWAS:s: Illuminating the Dark Road from Association to Function”,
Am J Hum Genet. 2013. vol. 93, N. 5, pp. 779-97

T. Lappalainen, “ Functional genomics bridges the gap between
quantitative genetics and molecular biology”, Genome Res. 2015. vol.
25,N 10, pp.1427-31.

D.Welter, J. MacArthur, J. Morales, T.Burdett, P. Hall, H. Junkins, et
al, “The NHGRI GWAS Catalog, a curated resource of SNP-trait
associations”, Nucleic Acids Res. 2014, 42(Database issue):D1001-6.

K. K. Farh, A. Marson, J. Zhu, M. Kleinewietfeld, W.J. Housley, S.
Beik, et al, “Genetic and epigenetic fine mapping of causal
autoimmune disease variants”, Nature. 2015. vol.7539, N 518. pp. 337-
43.

E.E. Korbolina, I.I Brusentsov., L.O Bryzgalov., E.Yu Leberfarb., A.O
Degtyareva and T.I Merkulova, “Novel Approach to Functional SNPs
Discovery from Genome-Wide Data Reveals Promising Variants for
Colon Cancer Risk”, Hum Mutat. 2018. vol. 39, N. 6. pp. 851-59.

E.Y. Leberfarb, A.O. Degtyareva, LI. Brusentsov, V.N. Maximov, M.1.
Voevoda, A.l. Autenshlus, et al, “Potential regulatory SNPs in the
ATXN7L3B and KRTI15 genes are associated with gender-specific
colorectal cancer risk”, Per Med. 2020. vol.17, N 1. pp. 43-54

W. Li, B.S. Atanassov, X. Lan, R.D. Mohan, S.K. Swanson, A.T.
Farria, et al, “Cytoplasmic ATXN7L3B Interferes with Nuclear
Functions of the SAGA Deubiquitinase Module”, Mol. Cell. Biol.
2016. vol.36. N. 22. pp. 2855-2866

(1

(2]

(3]

(3]

(6]

(7]



(8]
[9]

[10]

R. Moll, M. Divo and L. Langbein, “The human keratins: biology and
pathology”, Histochem. Cell Biol. 2008. vol. 129. N. 6. pp. 705-733

A-RN Zekri, ER El-Sisi, ZF Abdallah, A Ismail, et al, “Gene
expression profiling of circulating CD133+ cells of hepatocellular
carcinoma patients associated with HCV infection”, J.Egypt. Natl.
Canc. Inst. 2017. vol.29, N.1.pp. 19-24

A. Sanchez-Palencia, M. Gomez-Morales, JA Gomez-Capilla, V.
Pedraza, L. Boyero, R. Rosellet, al, “Gene expression profilingreveals
novel biomarkers in nonsmall cell lung cancer”, Int. J. Cancer. 2011.
vol.129, N.2. pp. 355-364.

423

[11]

G. Tai, P. Ranjzad, F. Marriage, S. Rehman, H. Denley, J. Dixon, et al,
“Cytokeratin 15 marks basal epithelia in developing ureters and is
upregulated in a subset of urothelial cell carcinomas”, PLoS One. 2013.
vol.8, N.11. p. e81167

F. Smedts, F. Ramaekers, R.E. Leube, K. Keijser, M. Link, P. Vooijs,
“Expression of keratins 1, 6, 15, 16, and 20 in normal cervical
epithelium, squamous metaplasia, cervical intraepithelial neoplasia,
and cervical carcinoma”. Am. J. Pathol. 1993. vol.142, N.2. pp. 403—
12

A. Whitmill, K.A. Timani, Y. Liu and J.J. He, “Tip110: Physical
properties, primary structure, and biological functions”, Life Sci. 2016.
vol.149. pp. 79-95



