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ASSOCIATION BETWEEN THE RS801460-POLYMORPHISM
IN THE SRA1 GENE AND THYROID NODULES AMONG
UKRAINIAN  WOMEN WITH PROLIFERATIVE TYPE
OF BENIGN BREAST DYSPLASIA WITHOUT ATYPIA

Introduction. As it was revealed, the greater part of the human
genome is represented by non-coding sequences. They also include long
non-coding RNAs (IncRNAs). SRA1 is one of its representatives. This
INcRNA affects steroid hormones receptors by activating their
transcriptional activity. Thereby, SRA1 can be involved in pathogenesis
of steroid-responsive tissues tumors.

Purpose. To study the association between the SRAL rs801460-
polymorphism and the development of thyroid nodules in Ukrainian
females with proliferative type of benign breast dysplasia (BBD) without
atypia.

Materials and methods. 117 patients with proliferative type of BBD
without atypia were enrolled into the study. They were divided into two
comparison groups: 12 subjects with thyroid nodules and 105 subjects
with no thyroid nodules. All patients were diagnosed on an outpatient
basis by a licensed surgeon (license AG No. 600519). The polymerase
chain reaction-restriction fragment length polymorphism analysis was
used for SRA1l rs801460-polymorphism genotyping. Statistical data
processing was performed using Statistical Package for Social Science
software (SPSS, version 25.0, Chicago, IL, USA).

Results. The distribution of CC-homozygotes, CT-heterozygotes and
TT-homozygotes in patients with thyroid nodules was 1 (8.3 %), 11
(91.7 %) and 0 (0 %), respectively. The distribution of genotypes in the
group without thyroid nodules was 38 (36.2 %), 51 (48.6 %) and 16
(15.2 %), respectively. Significant difference was found in genotypes
distribution between patients with and without nodules (P = 0.017).
Multivariable logistic regression has shown that CT-genotype has lower
thyroid nodules risk compared to CC- and TT-genotypes (P = 0.020, OR
=0.083, 95% CI = 0.010-0.681).

Conclusion. A statistically significant association was found
between SRA1 rs801460-polymorphism and thyroid nodules occurrence
in Ukrainian females with proliferative type of BBD without atypia.
Individuals with CT-genotype have less risk of thyroid nodules
development compared to homozygotes (CC and TT).

Keywords: SRA1, rs801460-polymorphism, benign breast disease,
thyroid nodule.
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Introduction

It was reported that only 2 % of the human

3B’SI30K  TOJIMOP®I3MY  RS801460 TEHY  SRAIl
3 BUHUKHEHHSM BY3JIIB IIIUTOBUIHOI 3AJI03U CEPE]]
YKPATHCBKHX KIHOK 3 NPOJI®EPATUBHUM THUIIOM
JOBPOSIKICHOI  JUCILJIA3II  MOJIOYHOI  3AJIO3U
BE3 ATHIII

Beryn. Sk Oyno BusiBIEeHO, OifpIlla YacTHHA JIFOACHEKOTO TEHOMY
MPEACTaBICHA HEKOAYIOUMMHI MOCHIITOBHOCTAMHU. BOHM BKITIOUarOTH Ta-
kox 1 gosri Hekoxytoui PHK (qaPHK), npencraBaukom sikux € SRAL.
L1s nuPHK B3aemogie 3 perientopamu CTEpOIAHUX FOPMOHIB, aKTUBYIO-
4K X TpaHCKpUNUIHHY aKkTHBHICTb. Takum umHOM, SRA1 Moxe Oparn
y4acTh y MaToreHe3i MyXJIMH TOPMOH-YYTIMBHX TKaHKH.

Meta. BuBuutn 3B'130k Mix mnonimopdizmMom rs801460 rena SRA1
Ta PO3BUTKOM BY3JiB LIMTOBHUAHOI 3aJI03U cepell YKPATHCHKUX XKIHOK 3
npomiepaTHBHAM THIIOM TOOPOSKICHOI AWCIUIA3ii MOJOYHOI 3aJio3|
(AJAM3) 6e3 aTwmii.

Martepianu Ta MmeToau. Y nocrmimkeHHs Oyio BKitrodeHo 117 marmie-
HTIB 3 TporidepaTuBHuM THIIOM JJJIM3 6e3 atumii. Bonu Oymu moxineHi
Ha JIBi TPpyIH MOPIBHAHHS: 12 00’€KTIB 3 By3JaMH IIMUTOBHIHOI 3aJI03H
Ta 105 — 6e3. O0CTeKEeHHS Ta JIKYBaHHS yCiX MAIi€HTIB MPOBOIUB JIille-
H3oBaHMU Xipypr (miuensist AG Ne 600519). [onimepasHa naHIorora
peakiis 3 aHaJIi30M JIOBKHH PECTPUKIIIHHUX (pparMeHTiB Oylia BUKOpHUC-
taHa aist reHorunyBanHs SRAL rs801460-nonimopdizmy. Craructuuny
00poOKy aHMX MPOBOJIMIIM 32 JIOIIOMOTOIO ITPOTPaMHOTO 3a0e3neueHHs
«CratucTuyHAN TakeT I comiadbHuX Hayk» (SPSS, Bepcis 25.0, Yu-
karo, Liminoiic, CIITA).

Pesyastatn. Posmomin CC-romosuror, CT-rereposuror ta TT-
TOMO3HTOT y TAIl€HTIB i3 By3JlaMH IIUTOBHIHOI 3aJ03H CTaHOBHB |
(8.3%), 11 (91.7%) ta 0 (0%) BimmoBigHO. Po3monin reHOTHNIB Y TpyIIi
MmaIieHTiB 0e3 By3JiB HIMTOBHIHOI 3aj03u cTaHoBuB 38 (36.2%), 51
(48.6%) Ta 16 (15.2%) BiamoBigHO. BCTaHOBICHO CTATUCTHYHO 3HAUY-
Iy PI3HHUIO Y PO3MOILII TEHOTHUINB MIXK MAI[IEHTAMH 3 By3jaMu Ta 0e3
Hux (P = 0.017). MynbpTHBapiabenbHa JOTiCTHYHA perpecis rnokasana,
mo CT-reHoTHIT Mae HIKYMN PU3UK BUHUKHEHHS BY3JIIB IIMTOBHIHOI
3as103u mopiBHAHO 3 CC- ta TT-renorunamu (P = 0.020, OR = 0.083,
95% J1=0.010-0.681).

BucHoBok. Byno BHABICHO CTaTUCTUYHO 3HAYYIIUHA 3B 30K MiXK
SRAL rs801460-noiMopdizMoM Ta MOSIBOIO BY3IIiB IIUTOBHUAHOI 3aJI03H
cepell YKpalHCBKUX JKiHOK 3 mporidepatuBHUM TUmioM /M3 6e3 atu-
mii. Ocodu 3 CT-reHOTHIIOM MarOTh MEHIIMH PHU3WK PO3BUTKY BY3IIiB
IIMTOBH/IHOI 321031 MOpPiBHAHO 3 romo3uroramu (CC ta TT).

Kirwuosi ciioBa: SRAL, rs801460-norimopdizm, 100posikicHa auc-
1a3is MOJIOYHOT 3aJI031, BY30J1 IIUTOBUIHOT 3aJ103H.

ABTOp, BiAnoBizansHuUii 3a muctyBanns: kolnoguz.aliona@ukr.net
through the steroid hormone receptors transactivation

[1, 2]. Thus, a potential role for SRAL in the
pathogenesis of hormone-sensitive tissue tumors is

genome encodes proteins. The remaining part can be
represented by non-coding sequences. One of the key
molecular factors of tumorigenesis is exactly non-
coding RNAs. The steroid receptor RNA activator 1
(SRA1) is a long non-coding RNA that can act

suggested, for example, mammary gland.

According to the World Health Organization
(WHO), breast cancer (BC) is the first most common
cause of cancer mortality among females in Ukraine.
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Therefore, it is very important to prevent the
development of this pathology in time and early
diagnosis is critical [3]. Due to this, pre-cancerous
mammary conditions are detected, for example,
benign breast dysplasia (or benign breast disease).

BBD is a heterogeneous group of lesions that
includes all non-cancerous conditions of the breast
[4]. It is one of the most important risk factors for
BC. BBD is divided into non-proliferative disease, a
proliferative disease without atypia, and proliferative
disease with atypia. The presence of proliferation and
atypia increases the risk of BC [5].

Luo et al. and Schonfeld et al. have found that
BBD can be associated with a thyroid cancer
increased risk [4, 6]. Also, it has been identified that
patients with history of a thyroid cancer have an
increased risk of BC [7]. This may mean that a
common mechanism lies in the pathogenesis of BBD

and thyroid cancer. However, which ones have not
yet been established. These authors studied
postmenopausal women and thyroid cancer. Unlike
them, we decided to check whether BBD in women,
regardless of menopause, is associated with thyroid
nodules. Thus, the purpose of our study is to
establish whether there is an association between the
SRA1 rs801460-polymorphism and the development
of thyroid nodules in Ukrainian females with a
proliferative type of BBD without atypia.

Materials and methods

Study population

The whole venous blood of 117 Ukrainian
women with a proliferative type of BBD without
atypia (mean age [+SD] 30.43 £+ 9.22) was used for
the study. 12 subjects with thyroid nodules (mean
age 33.92 £ 14.18) were identified among them
(Table 1).

Table 1 — Clinical characteristics of the BBD patients with and without thyroid nodules

Parameter (nV\iltth) (\rllv:hl%Lg) P F

Age, years 33.92+14.18 30.03 £8.48 0.167 10.449
Weight, kg 66.92 + 14.93 58.11+9.05 0.004 10.575
Growth, cm 170.67 £ 10.5 165.95 + 6.24 0.024 9.755
BMI, kg/m? 22.83 £3.93 21.09 +2.99 0.146 2.147

BBD - benign breast dysplasia; n — number of cases; BMI — body mass index; P — indicator of statistical
significance; F - the ratio of the between-class scatter to the within-class scatter. Quantitative variables were

compared by t-test.

Each BBD patient was diagnosed on an
outpatient basis by a licensed surgeon (license AG
No. 600519). The study did not include subjects with
non-proliferative benign breast disease, no features
of genetic predisposition to breast diseases, or the
patients who refused to participate. All patients
underwent surgical treatment at the clinical sites of
the Department of Surgery with a Course of Pediatric
Surgery and Urology of the Sumy Regional
Oncology Center. The Scientific Laboratory of
Molecular Genetic Research of the Sumy State
University performed molecular genetic research. All
subjects with thyroid nodules had TI-RADS 3
(Thyroid Imaging Reporting and Data Systems
classification).

The study protocol and final morphological
diagnosis complied with the European Convention of
Human Rights and Biomedicine, the Declaration of
Helsinki of the World Medical Association on
Ethical Principles for Medical Research Involving
Human Subjects and the Order of the Ministry of
Health of Ukraine No. 616 dated 03.08.2012.

The voluntary informed written consent was
received from all patients.

Genotyping

The whole venous blood of 117 subjects was
used in the study. DNA extraction was performed
using the GeneJET Whole Blood Genomic DNA
Purification Kit (Thermo Fisher Scientific, USA).
The polymerase chain reaction-restriction fragment
length polymorphism analysis (PCR-RFLP) was
used for the SRAL1 rs801460 single nucleotide
polymorphism (SNP) genotyping. The essence of
SRA1 rs801460-polymorphism is the replacement of
Cytosine (C) to Thymine (T) in the 140,552,345th
position of chromosome 5 [8]. The following
specific primers were selected: forward -
5°(140552495)TTT TTA GTA GAG ACA GGG
TTT TGC C(140552471)3° and reverse -
5°(140552318)ACT CTA CGC CAG ACA ATA
TGC TAT G(140552342)3".

To separate the restriction products, the
horizontal electrophoresis (10 V/cm) in 2.5% agarose
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gel with the addition of a bromide ethidium solution
(10 mg/ml) was used.

Statistical analysis

The Statistical Package for Social Science
software (SPSS, version 25.0, Chicago, IL, USA)
was used to perform all calculations. Kolmogorov—
Smirnov test confirmed the normal distribution. It
was used chi-square (x?) test and two-tailed Student's
t-test in the study. The logistic regression estimated
the odds ratio (OR) and 95% confidence interval (CI)
in the framework of additive, dominant and over-
dominant models of inheritance. It was used
multivariable logistic regression for age and BMI
adjustments. It was accepted P < 0.05 value as
significant.

Results

There were 12 subjects (mean age 33.92 + 14.18)
with and 105 subjects (mean age 30.03 + 8.48)
without thyroid nodules in patients with a
proliferative type of BBD without atypia. No
significant differences were found in mean age as
well as in BMI in comparison groups (P > 0.05). At
the same time, significant difference was found in
average weight (P = 0.004) and growth (P = 0.024)
between these two groups (Tablel).

It was revealed no significant differences in
height of the glandular and fibroglandular parts of
the breast (P > 0.05) (Table 2).

Table 2 — Breast structure of the BBD patients with and without thyroid nodules

With Without
Parameter (n=12) (n = 105) P F
Height of the glandular part of the breast (mm) 17.17 £ 4.63 15.10 £ 4.02 0.752 0.100

Height of the fibroglandular part of the breast (mm)

21.58 +4.25

19.07 £4.29 0.991 <0.001

BBD - benign breast dysplasia; n — number of cases; P — indicator of statistical significance; F - the ratio of the
between-class scatter to the within-class scatter. Quantitative variables were compared by t-test.

The differences in the SRA1l rs801460 SNP
genotype distribution in individuals with a
proliferative type of BBD without atypia depending
on the thyroid nodules occurrence are shown in
Table 3. There were 11 estimated cases (91.7 %) of
CT-genotype, 1 case (8.3 %) of CC-genotype and 0
— of TT-genotype in patients with thyroid nodules.

Fifty-one subjects (48.6 %) of CT-heterozygotes,
38 subjects (36.2 %) of CC-homozygotes and 16
(15.2%) — of TT-homozygotes were revealed
among patients without thyroid nodules. It was
found a statistically significant differences (y° =
8.110; P =0.017).

Table 3 — The presence of thyroid nodules in patients with proliferative type of BBD without atypia
depending on the SRA1 rs801460 SNP genotypes

Genotype With, n (%) Without, n (%)
T/T 0 (0) 16 (15.2)
CIT 11 (91.7) 51 (48.6)
C/C 1(8.3) 38 (36.2)
Together 12 (100) 105 (100)

¥’ =8.110; P = 0.017

BBD - benign breast dysplasia; n — number of cases; P — indicator of statistical significance. Categorical

variables were compared by y2-test

The results of the association analysis between
the SRA1 rs801460-polymorphism and the thyroid
nodules development in patients with a proliferative
type of BBD without atypia are summarized in Table
4. Significant association between SRA1 rs801460
SNP and thyroid nodules was revealed under over-
dominant (P = 0.021, OR = 0.086, 95% CI = 0.011-
0.689) and additive (P = 0.048, OR = 0.122, 95% CI

= 0.015-0.986 — for CT- and CC-genotypes) models
of inheritance. After adjusting for covariates of age
and BMI genotypic association of rs801460 SNP
remained only under over-dominant (P = 0.020, OR
=0.083, 95% CI = 0.010-0.681) model. According to
this, the CT-genotype has lower thyroid nodule risk
compared to CC- and TT-genotypes in patients with
a proliferative type of BBD without atypia.
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Table 4 — Analysis of the association between the SRAL rs801460-polymorphism and the thyroid
nodules in patients with proliferative type of BBD without atypia

Model P, OR (95% CI) P, OR, (95% CI)
Dominant 0.085 0.160 (0.020-1.290) 0.096 0.168 (0.020-1.371)
Over-dominant 0.021 0.086 (0.011-0.689) 0.020 0.083 (0.010-0.681)
Additive 0.048 0.122 (0.015-0.986) 0.059 0.131 (0.016-1.079)

BBD - benign breast dysplasia; P.: crude P value; ORc: crude odds ratio; Cl: confidence interval; P,: P value

adjusted for age and BMI; OR,: adjusted odds ratio

Discussion

The association between SRAL rs801460-
polymorphism and the development of thyroid
nodules in patients with a proliferative type of BBD
without atypia was checked in this study. The SRAL
is located at reverse strand of chromosome 5
(5g31.3) and has a 687 bp core sequence [8, 9].

SRA1 was discovered in 1999 by Lanz et al.
[10]. They concluded that the main mechanism of its
action is the coactivation of steroid hormone
receptors. Therefore, a potential role of SRAL in the
pathogenesis of hormone-sensitive tissue tumors was
suggested. After that, these scientists generated a
transgenic-mouse model with SRAL overexpression,
whereby cell proliferation and apoptosis were found.
Nevertheless, they elicited that its overexpression
does not lead to tumor progression, because
increased cell proliferation causes apoptosis [1].

Cooper et al. reported that SRA1 overexpression
has a statistically significant association with breast
tumors with higher progesterone receptor contents.
In contrast to Lanz et al., they found that the SRAL
may be involved in tumorigenesis and breast cancer

Conclusions

1. There is an association between SRAl
rs801460-polymorphism and the development of
thyroid nodules in Ukrainian females with
proliferative type of BBD without atypia.

Prospects for future research

progression [11].

Among all the SRAL polymorphisms, we chose
rs801480, the essence of which is the C to T
replacement in the 140,552,345th position of the
(+)chain of chromosome 5 [8]. Yan et al. studied the
association between SRA1 rs10463297 and rs801460
SNPs and breast cancer development. They
identified rs801460 GA-, AA-, and GA- + AA-
genotypes, as well, as rs10463297 TC- and TC- +
CC-genotypes associated with estrogen receptor
(ER) positivity in BC patients [2].

Interestingly, tumor processes in mammary and
thyroid glands are associated. Luo et al. investigated
the possible association between BBD and thyroid
cancer development. They established that
postmenopausal females with BBD had an increased
risk of thyroid cancer than females without BBD [4].
The same conclusion was made by Schonfeld et al.
[6]. Patients with a thyroid cancer history also can
have an increased risk of BC. Thyroid cancer
survivors were found by Kuo et al. to have a higher
risk for breast cancer development than the general
population [7].

2. The SRA1l rs801460 CT-heterozygotes
have lower thyroid nodules risk compared to CC-
and TT-homozygotes.

There are not so many studies on SRA1 and its role in various diseases. Therefore, we need to keep exploring
this, as well, as common mechanisms of thyroid and benign breast diseases pathogenesis. Also, further studies
are necessary to expand the comparison groups and explore other SRA1 polymorphisms.
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