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Abstract. Analysis of ANRIL gene polymorphism rs4977574 association with kidney cancer development in
Ukrainian population. Volkogon A.D., Harbuzova V.Yu., Ataman A.V. ANRIL (Antisense Non-coding RNA in the
INK4 Locus, also known as CDKN2B-AS1) — 3.8-kb long non-coding RNA transcribed from the antisense strand of
INK4b-ARF-INK4a gene cluster. It is known that ANRIL overexpression is associated with development of oncological
pathologies of different localization. In addition, there are a number of studies devoted to role of ANRIL genetic
polymorphism in emergence and progression of tumors, including tumors of genitourinary system. The aim of the study
was to check the possible association between ANRIL gene polymorphism rs4977574 and kidney cancer development in
representatives of Ukrainian population. Whole venous blood of 101 patients with clear cell renal cell carcinoma
(CCRCC) (42 women and 59 men) and 100 patients without oncology history (34 women and 66 men) was used in the
study. DNA from blood white cells was extracted using GeneJET Whole Blood Genomic DNA Purification Mini Kit
(Thermo Fisher Scientific, USA). Genotyping of rs4977574 ANRIL gene polymorphic locus was performed using real-
time polymerase chain reaction (real-time PCR) method in the presence of TagMan assay C 31720978 30. The
mathematical data were processed using the SPSS software package (version 17.0). P values <0.05 were considered as
statistically significant. It was found that difference in rs4977574-genotype distribution between patients with CCRCC
and control persons was absent in general group (P=0.216). At the same time, the statistical analysis stratified by
gender showed that both in female and male subjects rs4977574-genotypes frequency also did not differ significantly
between comparison groups (P=0.526 and P=0.160, respectively). However, after adjusting for age, body mass index,
and smoking habits statistically significant association between rs4977574 ANRIL gene polymorphism and risk of
kidney cancer development was detected in male subjects under superdominant inheritance model (P=0.049). It was
revealed that heterozygotes (AG-genotype) have 2.17-fold higher risk of CCRCC development (95% CI=1.005-4.695)
compared to patients with AA- and GG-genotypes. In summary, this is the first report about ANRIL gene
polymorphisms association with kidney cancer. Obtained results revealed that rs4977574 is related to kidney cancer
risk only in Ukrainian men. Male individuals with AG-genotype have higher risk of CCRCC development compared to
AA- and GG-genotypes carriers.

Pedepar. Anauiz 38’sa3ky nogaimopgizmy rs4977574 rena ANRIL i3 po3BUTKOM paky HMPKH B YKpaiHCBKiii
nomyJsimii. Boakoron A.Jl., F'ap6y3osa B.FO., Ataman O.B. ANRIL (anmucmucnosa nexooyroua PHK 6 nokyci INK4,
maxoxc eidoma sk CDKN2B-ASI) — dosea nexodyioua PHK oOoeoicunorwo 3,8 kb, wo mpaunckpubyemocs 3 anmu-
cmucnogozo nanyioza 2ennozo knacmepy INK4b-ARF-INK4a. Bioomo, wo maomipua excnpecia ANRIL noe'sazana i3
PO3BUMKOM OHKOJOIYHUX namonoziu piznoi noxanizayii. Kpim moeo, icuye pso 00cniodceHb, NpucesyeHux poii
ceHemuuno2o noaimopizmy ANRIL y eunuxHeHni ma npozpecii 3108KICHUX RYXAUH, GKIIOUAIOYU NYXAUHU Cedo-
cmamesoi cucmemu. Memoio 00cnioxceHHs: OYI0 6CMAHOBLEHHS MONCIUBO20 38 A3KY Midc 1$s4977574-nonimopizmom
2ena ANRIL ma po3eumxom paxy HUPOK y npe0CmagHUKI8 YKPAiHCbK020 HaceaeHHA. Y 00CaiodceH i OYl10 8UKOPUCTHAHO
yinony eenosny kpos 101 nayienma 3i ceimnoxnimunnum Hupkogo-knimunnum paxom (CKHKP) (42 orcinku ma 59
yonogixig) ma 100 nayienmis 6e3 ounkonociunozo anamuesy (34 acinku ma 66 yonosixis). [HK 3 netikoyumis kposi
sudinsiu 3a oonomozoro Habopie GeneJET Whole Blood Genomic DNA Purification Mini Kit (Thermo Fisher Scientific,
CILIA). I'enomunysanns 3a nonimopguum noxycom rs4977574 ecena ANRIL nposodunu 3a 00nomocowr memooy
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noaimepasHoi 1anyr02060i peaxyii 6 peanvrnomy uaci (real-time PCR) y npucymnocmi TagMan assay C 31720978 30.
Mamemamuyni oani obpobasnu 3a donomozoro npoepamuozo naxemy SPSS (sepcia 17.0). 3nauenns P<0,05 esaswcanu
3a cmamucmu4no 3Hauywi. bByno ecmanoeneno, wo 8 3a2anbHitl 2pyni Hemae pisHuyi 8 po3nodini rs4977574-cenomunis
mioe nayienmamu 3 CKHKP ma npedcmasnuxamu rowmpono (P=0,216). Ilpu yvomy cmamucmuynuii anaiuis,
cmpamugpiko8anutl 3a CMammio, NOKA3aes, Wo sK y HCIHOK, MAK i 6 wonosikie uacmoma rs4977574-eenomunie maxodic
cymmeeo He GiopizHAnacy midic epynamu nopienants (P=0,526 ma P=0,160 6ionogiono). Oonak nicis nonpasku Ha 6ix,
iHOeKC Macu ming, HaseHICMb 36UYKU KYPUMU CIAMUCMUYHO 3HAYYWU 36'330K Mmidic nonimopizmom rs4977574 cena
ANRIL ma puzuxom po3sumky paxy HUpoK 0ye euasieHuil 8 0cib Yoao8ivoi cmami 8 pamkax cynepooMiHaHmHoi mooeii
yenaokysauns (P=0,049). Byno ecmanogneno, wo eemeposucomu (AG-eenomun) marome y 2,17 pasa 6invuiutl pusux
poszsumky CKHKP (95% CI=1,005-4,695) nopisuano 3 nayicumamu 3 eenomunamu AA ma GG. Taxum uunom, ye
nepute no8IOOMIEHHs NPo acoyiayiro 2eHemuunozo noaimop@izmy ANRIL 3 paxom Hupok. Ompumani pe3ynemamu nOKa3am,
wo rs4977574-nokyc nos'azanuti i3 pusuUKomM paky HUpKU Julie 6 YKPAaiHCbKux wonosikie. Ocobu uonosiuoi cmami 3

2enomunom AG maroms 6invws sucoxuti pusux possumxy CKHKP nopisuano 3 Hociamu AA- ma GG-zenomunis.

ANRIL (Antisense Non-coding RNA in the
INK4 Locus, also known as CDKN2B-AS1) — 3.8-
kb long non-coding RNA (IncRNA) transcribed
from antisense strand of INK4b-ARF-INK4a gene
cluster [10]. It encodes the amino acid structure of
three tumor suppressors: pl4ARF, pl15INK4b, and
pl6INK4a. These proteins play a key role in cell
cycle arrest, affecting major cellular processes such as
senescence, apoptosis, and stem cell self-healing [§].

Today there are a number of reports about
relation between ANRIL and development of va-
rious oncological pathologies. ANRIL has been
found to be overexpressed in gastric cancer [9],
esophageal squamous cell carcinoma [12], prostate
cancer [15], urinary bladder cancer [11], etc. Ho-
wever, the main molecular mechanism of ANRIL
involvement in cancer emergence and progression
remains ambiguous.

It is known that in normal cells ANRIL transcript
production is required to inhibit the pl4ARF,
p15INK4b, and pl6INK4a expression after DNA
repairing. However, abnormal ANRIL expression in
cancer cells results in blocking of DNA damage
response control, which finally leads to genomic
instability and tumor progression [6]. Meseure et al.
demonstrated that ANRIL mediates inhibition of
INK4a transcription by interacting with CBX7
protein of PRC1 repressor complex (Polycomb
repressive complex 1), which in turn leads to silen-
cing [7]. Authors have also revealed significantly
increased CBX7 and ANRIL amount and decreased
INK4a concentration in breast cancer tissues.

ANRIL also influences cell proliferation by regu-
lating target genes in trans. ANRIL has been shown to
inhibit the activity of miR-99a/miR-449a in gastric
cancer tissues, thereby increasing activity of target
genes of these miRNAs — m7TOR and CDK6 [9]. On
the other hand, in esophageal squamous cell carcinoma
ANRIL has been shown to affect cell growth through
repression of TGFB/Smad signaling pathway [12],
although the exact molecular mechanisms of inte-
raction between ANRIL and TGFB1 remain unclear.
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Today, there are lot of studies devoted to role of
ANRIL genetic polymorphism in different tumors
occurrence and progression [2, 4, 14, 16], including
malignant tumors of genitourinary system [3]. Ho-
wever, studies about association between ANRIL
gene single-nucleotide variants and risk of kidney
cancer development are currently absent.

The aim of the study was to check the possible
association between ANRIL gene polymorphism
rs4977574 and kidney cancer development in
representatives of Ukrainian population.

MATERIALS AND METHODS OF RESEARCH

The whole venous blood of 101 patients (42
women and 59 men) with clear cell renal cell carci-
noma (CCRCC) and 100 patients (34 women and 66
men) without oncology history was used. Patients
were treated at Sumy Regional Clinical Oncology
Hospital from 2005 to 2016. The morphological
diagnosis of CCRCC was established according to
European Association of Urology (EAU) Guidelines
[17]. All patients had II stage of cancer according to
TNM classification of malignancies.

The study was conducted in compliance with
Council of Europe Convention on Human Rights
and Biomedicine, the Declaration of Helsinki, and
Order of the Ministry of Health of Ukraine Ne 690
(23.09.2009) [1]. All participants signed the infor-
med consent for venous blood sampling for genetic
test. The study protocol was approved by the Ethic
Committee of the Medical Institute of Sumy State
University (number (Ne 3/05.12.11).

DNA from venous blood leukocytes was extracted
using GeneJET Whole Blood Genomic DNA
Purification Mini Kit (Thermo Fisher Scientific, USA).

Genotyping of ANRIL gene 154977574 poly-
morphic locus was performed by real time poly-
merase chain reaction (Real-Time PCR) using
TagMan Assay C 31720978 30. The reaction was
conducted in Quant Studio 5 DX Real-Time instru-
ment (“Applied Biosystems, USA) using PCR Real-
Time kit (“Thermo Fisher Scientific”’, USA). The
amplification reaction consisted of initial 10-minute
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denaturation (95 °C) followed by 45 cycles of ampli-
fication for 15 s (95°C) and 30 s (60°C).

The mathematical data were processed using
SPSS software package 17.0.1 version (SPSS Inc.
2147483647). Analysis of 1s4977574-genotypes dis-
tribution between comparison groups was performed
using Pearson's y* test. To check the deviation of
rs4977574-genotypes distribution from Hardy-Wein-
berg equilibrium WpCalc online resource was used
(https://wpcalc.com/en/equilibrium-hardy-weinberg/).
The risk of CCRCC development, depending on
specific rs4977574 genotype, was calculated by
logistic regression under dominant (AG+GG vs.
AA), recessive (GG vs. AA+AQG), and super-domi-
nant (AG vs. AA+GG) models of inheritance. Sex,
age, body mass index and smoking status were used
as covariates in multivariable regression. HaploReg

RESULTS AND DISCUSSION

After genotyping of comparison groups by
ANRIL gene 1s4977574-locus we tested the cor-
respondence of AA-, AG- and GG-genotypes fre-
quency to Hardy-Weinberg equilibrium. It was
found that both in CCRCC patients and in control
subjects rs4977574-genotypes distribution did not
deviate from expected by Hardy-Weinberg law
(p=0.368 and p=0.252, respectively).

The frequency of 1s4977574-genotypes in
comparison groups are presented in Table 1. It was
found that difference in AA-, AG- and GG-geno-
types distribution between CCRCC patients and
control group was absent in general group
(p=0.216). At the same time statistical analysis
stratified by gender showed that rs4977574-
genotypes frequency also did not significantly differ

v4 resource was used for bioinformatics analysis between comparison groups both in female
[18]. All tests were two-sided. p values <0.05 were  (p=0.526) and male (p=0.160).
considered as statistically significant.
Table 1
ANRIL gene rs4977574-genotypes frequency in case and control groups
Genotype
Group n P
AA (%) AG (%) GG (%)
Total
CCRCC 101 22 (21.8) 55 (54.5) 24 (23.8) 0.216
Control 100 32 (32.0) 44 (44.0) 24 (24.0)
Female
CCRCC 42 10 (23.8) 22 (52.4) 10 (23.8) 0.526
Control 34 11 (32.4) 18 (52.9) 5 (14.7)
Male
CCRCC 59 12 (20.3) 33 (55.9) 14 (23.7) 0.160
Control 66 21(31.8) 26 (39.4) 19 (28.8)

Note. CCRCC — clear cell renal cell carcinoma; n — number of persons in the subgroups.

Then to test the possible link between IncRNA
ANRIL genetic polymorphism and risk of kidney
cancer development binary and multivariable
logistic regression under different models of in-
heritance was used (Table 2). Significant association
between 1s4977574-locus and CCRCC occurrence
without adjusting for covariates was not found in
general group (p->0.05) as well as in individuals of
different gender (p.>0.05). However, after adjusting
for age, body mass index, smoking habits
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statistically significant relation between ANRIL
polymorphism 154977574 and kidney cancer risk
was detected in male subjects under superdominant
model (p.g=0.049). Thus, male heterozygotes (AG-
genotype) have higher risk of CCRCC development
(OR.=2.172; 95% CI=1.005-4.695) compared to
subjects with AA- and GG-genotype.

As of January 2020, 32759 polymorphic sites are
located in the ANRIL gene (according to NCBI:
https://www.ncbi.nlm.nih.gov/snp/?term=CDKN2B-
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AS1). Some ANRIL gene polymorphisms have sig-
nificant association with tumor development. Thus,
the ANRIL TCGA-haplotype (rs1333045, rs1333048
rs4977574 and rs10757278) has been shown to
increase breast cancer risk in Iranian women [2];
rs2151280 polymorphism is highly correlated with
optic glioma development in neurofibromatosis

type 1 patients [14] and linked to relapse in multiple
myeloma subjects [16]; wherein locus rs1011970 is
related to lung cancer susceptibility and treatment
[4]. The authors believe that these nucleotide
variations may alter expression of different ANRIL
splicing variants and, as a consequence, dysregulate
the INK4b-ARF-INK4a locus expression.

Table 2

Analysis of ANRIL rs4977574 genotypic association with CCRCC risk

Model Pe OR. (95% CI) Padj OR,4j (95% CI)

Total

Dominant 0.104 1.690 (0.898-3.108) 0.193 1.555 (0.800-3.024)

Recessive 0.968 0.987 (0.516-1.888) 0.592 0.827 (0.413-1.656)

Superdominant 0.139 1.522 (0.873-2.654) 0.111 1.610 (0.896-2.894)

Female

Dominant 0.409 1.530 (0.557-4.203) 0.426 1.514 (0.545-4.210)

Recessive 0.325 1.812 (0.554-5.930) 0.391 1.697 (0.507-5.687)

Superdominant 0.961 0.978 (0.395-2.419) 0.968 1.019 (0.405-2.562)
Male

Dominant 0.149 1.828 (0.806-4.144) 0.320 1.562 (0.648-3.765)

Recessive 0.522 0.770 (0.345-1.717) 0.200 0.563 (0.234-1.355)

Superdominant 0.066 1.953 (0.957-3.982) 0.049 2.172 (1.005-4.695)

Note. CCRCC - clear cell renal cell carcinoma; 95% CI — 95% confidence interval; P. — crude P (without adjusting for covariates); OR. — crude odds
ratio; P,g — P after adjusting for sex (in total group), age, body mass index and smoking status; OR,q — adjusted odds ratio.

Taheri M. et al. tested the link between prostate
cancer, benign prostate hyperplasia and four ANRIL
gene polymorphisms  (rs1333045, 1s4977574,
rs1333048, and rs10757278) in Iranian patients [3].
It was shown that rs4977574, rs1333048, and
rs10757278 are associated with prostate tumors oc-
currence origin.

Polymorphism rs4977574 is located within 16
intron of ANRIL gene (103785th gene position).
Functional studies devoted to its role in diseases
development are currently absent, but bioinformatic
analysis using HaploReg v4 resource [18] revealed
that rs4977574 polymorphism can change nucleotide
sequence of transcription factor C-ets-1 and gluco-
corticoid receptor binding sites. Studies have shown
significant role of these proteins in the origin and
progression of kidney cancer [5, 13]. Thus, it can be
assumed that ANRIL polymorphism rs4977574 is
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able to promote cancer development through the
modulation of impact of mentioned transcription
factors on IncRNA ANRIL expression.

In our study we firstly established the ANRIL
rs4977574-genotypes distribution among Ukrainian
population and examined the association of this
polymorphism with kidney cancer development. The
link between rs4977574 single-nucleotide poly-
morphism and CCRCC has been found only in men.
After adjusting for covariates it was revealed that
men with genotype rs4977574AG have higher risk
of CCRCC development compared to men with
rs4977574AA- and rs4977574GG-genotypes.

CONCLUSION

In summary, this is the first report about ANRIL
gene polymorphisms association with kidney cancer.
Obtained results revealed that locus rs4977574 is
related to kidney cancer risk only in Ukrainian men.
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Male individuals with AG-genotype have higher risk
of CCRCC development compared to AA- and GG-
genotypes carriers.
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