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ASSOCIATION ANALYSIS BETWEEN MALAT1 RS619581-
POLYMORPHISM AND URINARY TRACT CANCER
DEVELOPMENT IN UKRAINIAN POPULATION

Introduction. A key component in the pathogenesis of oncological
diseases is the disruption of genetic and epigenetic regulation of cellular
processes, in which long non-coding RNAs play an important role. Of
particular significance in the context of cancer development at various
sites and its metastasis is the long non-coding RNA MALATI, which
influences tumorigenesis, chemoresistance, and immunotherapy.
Therefore, the aim of our study was to investigate the possible
association between the genetic marker rs619581 of MALATI and the
development of urinary tract malignancies.

Materials and Methods. The study involved 242 patients with
urinary tract cancer (UTC) (101 with clear cell renal cell carcinoma
(CCRCC) and 141 with transitional cell carcinoma of urinary bladder
(TCCUB)) and 100 individuals without UTC (control group). Among
patients with UTC, 97 had metastases, while 145 individuals had no
metastases. Genotyping of patients for the rs619581 polymorphism of
the MALATI gene was performed by real-time polymerase chain
reaction using TagMan assays (TagMan®SNP Assay C 1060479 10).
Statistical analysis of the obtained results was carried out using Prism
(version 10.4.1) and R (version 4.4.2) software.

Results. The distribution of genotypes for the 1rs619581
polymorphism in the group of patients with UTC was AA — 216
(89.3%), AG + GG — 26 (10.7%); in the control group, respectively — 96
(96%), 4 (4%) (P = 0.045). The results of the regression analysis of the
association of rs619581 genotypes with the development of RCC were
close to the level of statistical significance (P = 0.054). And after
adjusting for age, sex, smoking habits and BMI, the association became
statistically significant: carriers of the minor allele (AG + GG) have a
3.43-fold higher risk of developing RCC than homozygotes for the
major allele (AA) (P = 0.037). Among patients with metastases, the
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distribution of genotypes was as follows: AA — 81 (83.5%), AG + GG —
16 (16.5%), while in individuals without metastases, respectively, AA —
135 (93.1%), AG + GG — 10 (6.9%) (P = 0.02). In patients who are
carriers of the minor allele (AG + GG), the risk of developing
metastases is 2.67-fold higher than in homozygotes for the major allele
(AA) (P =0.02).

Conclusions. In patients with urinary tract cancer, the minor G-allele
of the rs619581 polymorphism of the MALATI gene is more frequent
than in the control group (P=0.039; y>=4.264). There is an association
between rs619581 polymorphism and the development of urinary tract
malignancies: carriers of the minor allele (AG + GG) have a higher risk
than homozygotes for the major allele (AA) according to multivariable
logistic regression, 3.43-fold higher (P = 0.037)). In patients with AG
and GG genotypes, the risk of developing metastases is 2.67-fold higher
than in homozygotes for the major allele AA (P =0.02).

Keywords: gene polymorphism, long non-coding RNA, MALAT]I,
urinary tract cancer.
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ACOLIAIISA MIK RS619581-IIOJIIMOP®I3BMOM T'EHA
MALATI1 I PO3BUTKOM OHKOJIOITYHUX 3AXBOPIOBAHb
CEYOBUALIbHOI CUCTEMMH B YKPATHCBHKIN NOITYJIALIT

Beryn.  OcHoBHOIO MAaTOTeHE3y  OHKOJIOTIYHHUX
3aXBOPIOBaHb € IOPYIICHHA T'€HETHYHOI Ta EMIreHeTHYHOI peryJsmii

KIITHHHUX TIPOLIECIB, Ba)XJIMBE MICIIE B SIKOMY IOCITAOTh JIOBTi

JJAHKOKO

Hekoaytoui PHK. OcoOnuBa 3Ha4YeHHs y KOHTEKCTI PO3BUTKY paky
pisHOi Jokamizamii 1 HOro MeTacTa3yBaHHS HAJCKUTh JOBTIii
wekonyrouii PHK MALATI, ska BIiMBae Ha IyXJHHOTCHES,
XIMIOpE3UCTEHTHICTh Ta IMyHOTepamito. ToMy MeTol Hamoro
JOCHIJDKEHHSI CTajl0 BHBYEHHS MOMIIMBOTO 3B’SI3Ky T'€HETHYHOI'O
Mapkepy rs619581 MALATI 3 po3BUTKOM OHKOJIOTIYHUX 3aXBOPIOBAHb
CEYOBUAIIIBHOI CHCTEMH.

Marepianu i MmeToau qocaigKeHHs. Y IOCHTIIHKEHHI B3sITU y4acTb
242 mamieHTH 3 pakoMm cedoBuntbHOI cucremu (PCC) (101 3
ceiTokmiTiHHEM pakoM HuUpKU (CKPH) i 141 3 mepexigHOKIITHHHIM
pakom ce4yoBoro wmixypa (ITIKPCM)) i 100 oci6 6e3 PCC (rpyma
koHtpoio). Cepen mnatnientie 3 PCC 97 manu meracrasu, y 145 ocid
MmeractaziB  He Oyno. [‘eHoTumyBaHHS mamieHTiB 32 rs619581
nonimopdizmom reHa MALATI mpoBOIWIM METOJOM IIOJIIMEpa3HOI
JAHIIOTOBOI peakmii y peambHOMYy dHaci 3 BHKopucTaHHAM TaqMan
assays (TagMan®SNP Assay C 1060479 10). CraructuuHy 0OpoOKy
OTPUMaHUX pe3yJbTaTiB NPOBOIMIM 32 JONOMOror mporpam Prism
(Bepcis 10.4.1) ta R (Bepcis 4.4.2).

PesyasTaTn. Po3nonin reHorunie 3a rs619581 momimopdizmom y
rpyni nanieHTis i3 PCC cranoBus: AA — 216 (89,3 %), AG + GG — 26
(10,7 %); y rpyni koHTpoJt0 BignosimHo — 96 (96 %), 4 (4 %) (P =
0,067). PesynpTaT perpecuBHOTO aHami3y 3B 3Ky rs619581-renoTumin
3 po3sutkoM PCC Oynu Gim3bKi 10 piBHSA CTaTUCTUYHOI JOCTOBIPHOCTI
(P = 0,054). A micns BBe#eHHS IONPABOK HAa Ha BIK, CTAaTh, 3BHUKY
namutH Ta IMT 3B'SI30K CTaB CTAaTHCTUYHO 3HAYYNIMM: y HOCIIB
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minopHoro anens (AG + GG) pusuk poszutky PCC y 3,43 pasu
OiMpImUH, HiXK y TOMO3UroT 3a ocHoBHMM aneneMm (AA) (P = 0,037).
Cepen marjieHTiB 3 MeTacTa3aMH PO3IONLT TEHOTUIIB OyB HACTYITHUM:
AA —81 (83,5 %), AG + GG — 16 (16,5 %), Toxi sk ocib 6e3 MeTacTasiB
BianoBinHO: AA — 135 (93,1 %), AG + GG — 10 (6,9 %) (P =0.02). ¥
TAIE€HTIB, MO0 € HocisMu MiHOpHOTO anens (AG + GG) pusuK po3BUTKY
MeTacTasiB y 2,67 pa3u OUIBLINH, HK Y TOMO3UT'OT 32 OCHOBHUM aJIeJieM
(AA) (P =0,02).

BucHoBkH. VY namieHTIB 3 pPakoM CEYOBHIUIBHOI CHCTEMH
MmiHopHu# G-anenp 3a 15619581 momimopdismom rena MALATI
3yCTpiYaeThcs 4YacTimie, HiK y ocid koHtposnbHoi rpymu (P=0,039;
’=4,264). Icuye 3B’130K rs619581-momiMopdisMy 3 pO3BHTKOM
OHKOJIOTIYHHX 3aXBOPIOBaHb CEYOBUALIHHOT y HOCIiB
MmiHopHoro anenst (AG + GG) pusuk OUIBIIHI, HIK y TOMO3HIOT 3a
ocHOBHHM amneneM (AA) (3rigHO MimbTHBapiabenbHOI JIOTiCTHYHOL
perpecii y 3,43 pasu (P = 0,037). Y namienTis 3 renotunamu AG i GG

CHUCTCMMU:

PHM3HK PO3BUTKY METAcTa3iB y 2,67 pa3u OLIbIINKI, HK Y TOMO3MIOT 3a

ocHoBHMUM asieneM AA (P =0,02).

KuarouoBi ciaoBa: monmiMopdism reHiB, moBra Hekomyroua PHK
MALATI, pak ce4oBHIIIbHOT CUCTEMH.

Aemop, eionosioanvnun 3a aucmyeannusn: €nizasema Cmpou, kageopa izionozii i namogizionoeii 3 Kypcom
Mmeouunoi bionoaii, Cymcokuti deporcasnutl ynisepcumem, m. Cymu, Yrpaina

e-mail: yelizavetastroi@gmail.com

INTRODUCTION

The main link in the pathogenesis of oncological
diseases is the disruption of genetic and epigenetic
regulation of cellular processes. Today, it is established
that 90% of the human genome is actively transcribed,
while only 2% of these are protein-coding genes.
Therefore, the majority of transcripts are non-coding
RNAs, which regulate the expression of more than 75%
of human genes.

Considerable data has been published regarding the
of short non-coding RNAs the
development of oncological diseases, which is
implemented mainly through the suppression of mRNA
expression. The significance of long non-coding RNAs
in this process remains less studied. [1].

Scientists are paying special attention to the long
non-coding RNA MALATI (Metastasis Associated
Lung Adenocarcinoma Transcript 1), also known as
NEAT2 (Nuclear Enriched Abundant Transcript 2) [2;
3]. Its role has been proven in the processes of
alternative splicing and epigenetic modulation of gene
expression [4; 5], especially genes whose products are
involved in metastasis formation [3].

Scientific research on the role of the long non-
coding RNA MALAT! in oncogenesis is being
conducted in several directions. The first research
direction aims to study the role of MALAT]1 expression

influence on

in the pathogenesis of oncological diseases. It should be
noted that MALAT1 was first identified as a transcript

with increased expression in primary non-small cell
lung cancer tumors that had a high propensity for
metastasis [6]. Later, MALAT1 overexpression was
registered in various types of cancer [7], with the
expression level of this IncRNA correlating with tumor
progression and metastasis. In experimental models,
particularly in a murine metastatic cancer model, it has
that genetic
differentiation of the primary tumor and significant
reduction in metastasis. [§]. In the lung cancer homing
model, MALAT1 knockdown and its knockout caused a
reduction in the homing of cancer cells to lung tissue
[9].

The second research direction is related to studying
the connection between single nucleotide polymorphism
of the MALATI gene with the development of
oncological diseases locations, their
association with different cancer characteristics and
stages, including metastasis. In particular, it has been
shown that lung cancer patients who carry the T-allele
at the rs3200401 polymorphic locus of the MALATI
gene have a greater average life expectancy than
dominant CC homozygotes [10]. Women with the CT
genotype for the rs3200401 polymorphism have a lower
risk of developing breast cancer compared to CC
homozygotes. [11]. The protective significance of the
minor T-allele for the rs3200401 polymorphism of the

been shown knockdown leads to

of various

MALATI gene has been demonstrated: carriers of the
minor allele (T/T and C/T genotypes) have a lower risk
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of developing clear cell renal carcinoma compared to
dominant homozygotes (C/C) [12]. It was discovered
that the rs3200401 polymorphism is significantly
associated with transitional cell carcinoma of the
urinary bladder (TCCUB) progression. Specifically,
individuals with the TT genotype demonstrate a later
onset of TCCUB compared to those with CC and CT
genotypes, suggesting a potential genetic marker for
predicting disease trajectory [13]. It should be
emphasized that data regarding the connection between
polymorphic loci of the MALATI gene and urinary tract
cancer development are scarce. Regarding the rs619581
polymorphism, such studies have only just begun. In
particular, it is known that there is no difference in the
distribution of 1619581 MALATI genotypes in patients
with transitional cell carcinoma of the urinary bladder

and individuals without TCCUB [14]. Therefore, our
scientific efforts were directed towards studying the
possible connection between the genetic marker
1619581 MALATI and urinary tract cancer
development in the Ukrainian population.

MATERIALS AND METHODS

STUDY POPULATION

The study involved 242 patients with urinary tract
cancer (UTC) (101 with clear cell renal cell carcinoma
(CCRCC) and 141 with transitional cell carcinoma of
urinary bladder (TCCUB)) and 100 individuals without
oncological diseases of the urinary system (control
group). The clinical characteristics of the patients are
presented in Table 1. Among patients with UTC, 97 had
metastases and 145 individuals did not have metastases
(Table 2).

Table 1 — Clinical characteristics of the patients with urinary tract cancer and control

Parameter Main group Control P
(n=242) (n=100)
Age, years = SD 65.1+11.8 77.38+8.499 <0.0001
Sex, female/male 69/173 34/66 0.3143
Smokers, n (%) 119 (49.2) 27 (27.0) 0.0002
Obesity (%) 61(25.2) 18 (18.0) 0.15
Body weight, kg 78.8+11.9 74.31+11.38 0.0015
Height, cm 171+7.6 165.8+10.26 <0.0001
BMI 26.97+4.31 27.13x4.3 0.766
Blood glucose, mmol/l 55.1+15.8 52.68+7.905 0.14

Note: n — number of cases; P — indicator of statistical significance. Categorical variables were compared by y’-test,

quantitative variables — by t-test

Table 2 — Clinical characteristics of the patients with and without metastasis

Parameter With metastasis Without metastasis P
(n=97) (n=145)
Age, years £ SD 68+11.2 63.2+11.8 0.0017
Sex, female/male 25/72 44/101 0.44
Smokers, n (%) 48 (49.5) 71 (49) 0.94
Drinkers, n (%) 60 (61.8) 104 (71.7) 0.107
Obesity (%) 26 (26.8) 35(24.1) 0.64
Body weight, kg 79.2£10.6 78.5+12.8 0.65
Height, cm 172+7.78 171£7.5 0.47
BMI 27.01+4.03 26.95+4.5 0.9
Blood glucose, mmol/I 58.2+17.7 53.1+14.1 0.014
Diabetes (%) 28 (28.9) 25(17.2) 0.03
Arterial hypertension (%) 58 (59.8) 83 (57.2) 0.69

Note: n — number of cases,; P — indicator of statistical significance. Categorical variables were compared by y*-test,

quantitative variables — by t-test
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Between March 2001 and May 2020, patients with
cancer were monitored and received diagnoses at the
Sumy Regional Clinical Oncology Center. All
oncological patients received radical tumor excision
followed by histological analysis. The cancer patients
were all classified as clinical stage II according to the
TNM Classification of Malignant Tumors. The final
morphological diagnosis was determined in accordance
with the European Association of Urology Guidelines
[15]. The research protocol adhered to the Declaration
of Helsinki's principles and received approval from the
Ethics Committee of the Educational and Scientific
Medical Institute at Sumy State University
(Ne5/07.2022). All study participants provided their
voluntary written informed consent.

GENOTYPING

For the study of MALATI gene 1s619581
polymorphism, venous blood was collected under sterile
conditions in 2.7 ml monovettes containing potassium
ethylenediaminetetraacetic acid (11.7 mM) as an
anticoagulant (Sarstedt, Germany). Blood samples were
frozen and stored at -20°C. DNA was extracted from
whole blood leukocytes using GeneJET Whole Blood
Genomic DNA Purification Mini Kit (Thermo Fisher
Scientific, USA). Genotyping of the rs619581
polymorphic locus was performed at the Scientific
Laboratory of Molecular Genetic Research at Sumy
State University using real-time polymerase chain
reaction (Real-time PCR) on a Quant Studio 5 DX Real-
Time instrument (Applied Biosystems, USA). The study
employed TagMan assays (TagMan®SNP Assay
C__ 1060479 _10) and PCR Real-Time reagent kit
(Thermo Fisher Scientific, USA). Amplification
consisted of initial denaturation at 95°C for 10 minutes
followed by 45 cycles of 15 seconds at 95°C and 30
seconds at 60°C. The resulting curves were analyzed
using software supplied with the Quant Studio 5 DX
Real-Time system.

STATISTICAL ANALYSIS

Statistical processing of the obtained results was
conducted using Prism software (version 10.4.1) and R
(version 4.4.2). The conformity of genotype distribution
to Hardy-Weinberg equilibrium was verified using the
online resource Equilibrium WpCalc
(https://wpcalc.com/en/equilibrium-hardy-weinberg/).
The analysis of 1s619581-genotype distribution between
groups was performed using Pearson's x> test, the
comparison of means between groups was conducted
using two-tailed Student's t-test. The risk of developing
urinary tract cancer depending on the genotype for the
rs619581 polymorphism of the MALAT gene was
calculated using logistic regression in the dominant
inheritance model (AA versus AG+GGQG). To identify the

association of rs619581 polymorphic variants with the
risk of urinary tract cancer after adjusting for sex, age,
body mass index (BMI) of patients and their smoking
habits, multivariable logistic regression was applied.
Statistical significance was set at P < 0.05, with all tests
being two-tailed.

RESULTS

The distribution of genotypes in the comparison
groups corresponded to Hardy-Weinberg equilibrium
(x*=0.648, P>0,05 — for patients with UTC and
¥?>=0.042, P>0,05 — for the control group). As a result of
the conducted research, the distribution of genotypes
and alleles for the rs619581 polymorphism of the
MALAT gene was studied in patients with urinary tract
cancer (UTC) and individuals in the control Ogroup
(Table 3). It was shown that in patients with UTC, the
minor G-allele occurs more frequently than in the
control (P=0.039; ¥*=4.264). The distribution of
genotypes for the studied polymorphism in the group of
patients with UTC was as follows: AA — 216 (89.3%),
AG + GG - 26 (10.7%); in the control group,
respectively — 96 (96%), 4 (4%). The P-value,
calculated using Pearson's y*-test, was 0.067, which
indicates the existence of differences in the distribution
of genotypes for the rs619581 polymorphism of the
MALATI gene between patients with UTC and
individuals in the control group.

The analysis of the association between the
rs619581 polymorphism of the MALATI gene and
urinary tract cancer was conducted using binary and
multivariable logistic regression within the framework
of the dominant inheritance model (Table 4). The results
of the regression analysis of the association of rs619581
genotypes with the development of RCC were close to
the level of statistical significance (P = 0.054). And
after adjusting for age, sex, smoking habits and BMI,
the association became statistically significant: carriers
of the minor allele (AG + GG) have a 3.43-fold higher
risk of developing RCC than homozygotes for the major
allele (AA) (P =0.037).

The next step of the analysis was to study the
characteristics of the association between the rs619581
polymorphism of the MALATI gene and the
development of UTC in patients with and without
metastases. Table 5 presents data on the frequency of
genotypes for the rs619581 locus of the MALATI gene
in patients with UTC who have metastases and in
individuals without metastases. Thus, among patients
with metastases, the distribution of genotypes was as
follows: AA — 81 (83.5%), AG + GG — 16 (16.5%),
while for individuals without metastases, respectively,
AA —135(93.1%), AG + GG - 10 (6.9%) (P = 0.02).
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Table 3 — Distribution of alleles and genotypes for the MALAT1 rs619581-polymorphism among patients main
group and control

Main group Control
(n=242) (n=100) P (P
n % n %
Genotypes
AG + GG 26 10,7 4 1 0.067 (3.363)
Alleles
A 453 94.4 196 98
0.039 (4.264

G 27 5.6 4 ) ( )

Note: n — number of cases, P — indicator of statistical significance

Table 4 — Analysis of the association between the MALATI1 rs619581-polymorphism and the development of
urinary tract cancer

Model P, OR. (95.7 % CI) P, OR, (95.7 % CI)

Dominant 0.054 2.89 (0.98 - 8.5) 0.037 3.43 (1.07-10.97)

Note. Pc: crude P value; ORc: crude odds ratio; CI: confidence interval; Pa: P value adjusted for age, sex, BMS
and smoking, ORa: adjusted odds ratio

Table 5 — Distribution of alleles and genotypes for the MALAT1 rs619581-polymorphism among patients with
and without metastasis

With metastasis Without metastasis
n=97) (n = 145) P ()
n % N %
Genotypes
AA 81 83.5 135 93.1
AG + GG 16 16.5 10 6.9 0.02(5.59)
Alleles

A 176 90.7 280 96.5
G 18 93 10 3.5 062 (0-249)

Note: n — number of cases, P — indicator of statistical significance

Table 6 presents the results of regression analysis of glands, prostate, lungs, heart, liver, brain, ovaries,
the association between the rs619581 polymorphism of thyroid gland, intestines, and skeletal muscles [16]. The
the MALATI gene and the development of urinary tract transcript of the MALATI gene was first described in the
cancer in patients with metastases within the framework study of multiple endocrine neoplasia type 1 [17]. In
of the dominant inheritance model. It was found that in 2003, MALATI1 was identified as a transcript associated
patients who are carriers of the minor allele (AG + GQG), with metastasis in patients with early-stage non-small
the risk of developing metastases is 2.67 times higher cell lung cancer [6]. Today, it is believed that the main
than in homozygotes for the main allele (AA) (P = function of MALAT! is the regulation of gene
0.02). After adjusting for age, sex, smoking habits, and expression related to metastases [3]. Additionally, it is
BMI, the association maintained statistical significance: known that the long non-coding RNA MALATI is
the risk increased to 2.74 times (P = 0.02). located in nuclear paraspeckles, indicating its

DISCUSSION involvement in processing [18] and maturation of

MALATTL is a long non-coding RNA that is highly mRNA [19]. In experiments using genetic knockout, the
conserved in mammals and actively expressed in many important role of MALATI in the activation of certain
cells and tissues of the body, such as kidneys, adrenal transcription factors, particularly SRF1 (Strubbelig-
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receptor family 1 protein) and SC35 (Serine/arginine-
rich splicing factor SC35), has been elucidated [20].

The MALATI gene is located on the long arm of
chromosome 11, contains 8708 base pairs, and has 2
exons [21]. According to NCBI (National Center for
Biotechnology Information) data, as of February 2025,

7517 single nucleotide polymorphisms are known in the
human MALATI gene [22]. The 1rs619581
polymorphism is located in the non-coding region of the
gene and manifests as a substitution of adenine for
guanine at position 46598443.

Table 6 — Analysis of the association between the MALATI1 rs619581-polymorphism and the development of

metastasis of urinary tract cancer

Model P. OR. (95.7 % CI)

P, OR, (95.7 % CI)

Dominant 0.02

2.67 (1.15-6.15)

0.02 2.74 (1.16 — 6.48)

Note. Pc: crude P value; ORc: crude odds ratio; CI: confidence interval; Pa: P value adjusted for age, sex, BMS

and smoking; ORa: adjusted odds ratio

As already indicated, there is currently no data
regarding the genotyping of individuals with UTC for
the rs619581 polymorphic locus, and our presented
study is the first in this direction. We studied the
distribution of alleles and genotypes for this genetic
marker in patients with urinary tract cancer and found
that the minor G-allele occurs more frequently in them
than in individuals without this pathology. In addition,
we demonstrated an association of the rs619581
polymorphism with the risk of developing UTC in
patients with AG and GG genotypes, as well as
demonstrated a greater risk of developing metastases in
them.

Regarding the role of other polymorphic loci of
MALATI in the development of urinary tract cancer in
patients of the Ukrainian population, it is known about
the connection of the rs3200401 polymorphism with the
development of clear cell renal cell carcinoma [12] and
transitional cell carcinoma of urinary bladder [23], as
well as the association of this polymorphism with
metastasis [24] and survival of patients with bladder
cancer [13].

Thus, the active search for genetic markers of
urinary tract cancer, which is taking place today in
oncourology, is important in addressing the issue of

PROSPECTS FOR FUTURE RESEARCH

early diagnosis of these diseases, personalized
treatment, and prognosis.

CONCLUSIONS

The conducted research is the first to search for an
association between the rs619581 site of the MALATI
gene and the occurrence of urinary tract cancer both in
the Ukrainian population and worldwide. It was shown
that in patients with UTC, the minor G-allele occurs
more frequently than in individuals of the control group
(P=0.039).

An association of the rs619581 polymorphism of the
MALATI gene with the development of urinary tract
cancer was identified: carriers of the minor allele (AG +
GG) have a higher risk of developing UTC than
homozygotes for the main allele (AA) (according to
multivariable logistic regression by 3.43 times (P =
0.037)).

It was proven that in patients with AG and GG
genotypes, the risk of developing metastases is 2.67
times higher than in homozygotes for the main allele
AA (P=0.02).

STUDY LIMITATIONS

Increasing the size of the control group would have
increased the representativeness of the study.

Prospects for future research: to investigate the association of polymorphisms of other long non-coding RNAs in the
development of UTC in order to predict the risk of disease occurrence.
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