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Benign breast disease is a group of all noncancerous mammary lesions with a risk of breast cancer (BC) development. BC is
the most common cancer in the world; therefore, it is necessary to find new biomarkers and targets for early diagnosis, treatment,
prediction of prognosis and survival. Long non-coding RNA SRA could play this role, thus further studies of its impact on the pre-
cancerous lesion pathogenesis are needed.

The aim. To analyze the association between SRA7 rs801460 and rs10463297 SNPs and the occurrence of gynecological pa-
thology among Ukrainian women with the proliferative type of benign breast disease without atypia.

Materials and methods. This study included 115 patients with proliferative type of benign breast disease without atypia: 55 —
with gynecological pathology and 60 — without it. Polymerase chain reaction-restriction fragment length polymorphism analysis
(PCR-RFLP) was used for polymorphism genotyping.

Hematoxylin and eosin, toluidine blue and van Gieson’s picrofuchsin methods were applied for staining of sections. Statistical
analysis was carried out using Statistical Package for the Social Sciences software (SPSS, version 25.0, Chicago, IL, USA).

Results. Significant differences were found in the rs10463297 frequency of alleles (P = 0.032), but notin the rs801460 (P > 0.05),
in groups with and without gynecological pathology, while the distribution of both single nucleotide polymorphism (SNPs) geno-
types was similar between these groups (P > 0.05). Statistically significant association was detected between SRA1 rs10463297
polymorphism and gynecological pathology occurrence in both dominant (P, = 0.023; OR, = 2.638,95 % Cl = 1.145-6.076)
and additive (P, = 0.034; OR_ = 2.489,95 % ClI = 1.069-5.794) models of inheritance.

No association was found between SRA7 rs801460 SNP and gynecological pathology development among Ukrainian women
with proliferative type of benign breast disease without atypia (P > 0.05).

Conclusions. It was revealed that SRA1rs10463297 TT carriers had 2.6 times higher risk of gynecological pathology development
than C allele carriers and 2.48 times than TC carriers.

Monimop¢izmu rena AHPHK SRA Ta pu3uK BUHMKHEHHSA riHEKOAOTiYHOI NaToAorii
cepea YKpaiHCbKUX XIHOK i3 npoAipepaTuBHMM TMNOM A0OpoAKiCHOI AucnAa3ii
MOAOYHOI 3aA03u 6e3 atunii

I. M. AykaBeHko, A. B. KoaHorys, B. 0. lapby3oBa, O. B. AramaH

[obposikicHa Arcnnasis MONoYHoI 3ano3n — Lie rpyna Beix J0DPOsKICHNX 3aXBOPHOBaHb i3 PU3VUKOM PO3BUTKY paky MOMOYHOI 3a-
nosu (PM3). PM3 - HaiibinbLu NoLMpeHe OHKOMOMYHE 3aXBOPIOBaHHS Y CBITi, TOMY BaXMMBO 3HalTV HOBI BioMapkepy Ta MiLLeHi
[ANS paHHBOI AiarHOCTUKK, NiKyBaHHS, BU3HAYEeHHs MPOrHO3y Ta BUkuBaHHs. [lora HekogysanbHa PHK SRA moxe sigirpatv wo
ponib, @ OTXe HeobXiaHi AanbLui 4OCMiMKEHHS i BNNMBY HA NaToreHe3 nepeapakoByX ypaxeHs.

Meta po6oTu - npoaHanisysaT 38’130k Mix rs801460 Ta rs10463297 nonimMopciamamm Ta BUHUKHEHHSIM FHEKOMOTi4YHOT naTonorii
cepeq YKpaiHCBKUX XIHOK i3 nponichepaTBHMM TNoM AoOpOSIKICHOT Ayuennasii MonoyHoi 3anoau 6e3 atunii.

Marepianu Ta metoau. Y focnigkeHHs Beiwnm 115 nauieHTok i3 nponicepaTBHUM TUNOM A0OPOSIKICHOT Aucnnasii MonoYHOI
3ano3u 6es atunii: 55 — i3 rinekonoriyHoto natonorieto Ta 60 — 6e3 Hei. MNonimepasHa NaHLroBa peakwis 3 aHanisomM LOBXUHU
pecTtpukUinHnx dparmenTiB (PCR-RFLP) BukopucTaHa gns reHotunyBsaHHs nonimopdismis.

[ins hapbyBaHHs 3pidiB 3aCTOCOBYBaNM reMaTOKCUNIH, 03VH, TONYIAWHOBMI CUHIN | NikpochyKCWH 3a BaH [i30HOM. CTaTUCTUYHMI
aHani3 3aincHUAM 3 BUKOPUCTaHHAM NpOrpamu Ans CTaTUCTUYHOTO onpaLtoBaHHs aaHux SPSS 25.0.

Pesynkratu. BctaHoBunmn cyTTeBi BigMiHHOCTI B yacToTi aneneit rs10463297-nonimopdismy (p = 0,032), ane He rs801460
(p > 0,05) y rpynax i3 riHekonoriyHoto natonorieto Ta 6e3 Hei. BogHovac po3nogin reHoTunis 06ox noniMopgiaMie CTaTMCTUYHO
He BigpisHsiscs (p > 0,05). CyTTeBni 38's30K BusBUM Mix SRAT rs10463297-noniMopiaMoM Ta BUHUKHEHHSIM [HEKOMOTiYHOI
natoriorii B gomiHanTHin (p, = 0,023; OR, = 2,638,95 % Cl = 1,145-6,076) ta agutmeHii (p, = 0,034; OR, = 2,489,95 %
Cl = 1,069-5,794) mogensix.

He BcTaHoBneHo 38's3ky Mixk SRAT rs801460-nonimopdiamom Ta po3suTkoM Liei natonorii (p > 0,05).

BucHoBku. BusisneHo, wwo Hocii SRA1rs10463297 TT-reHoTuny MaioTb Y 2,6 pasa BULLMIA PrU3nK PO3BUTKY MHEKOMOrYHOT naTonorii,
Hix Hocii C-anens, Ta 'y 2,48 pasa — Hix TC-retepoauroty.
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Noaumopduambi reHa AHPHK SRA 1 pucK pa3BUTHA TMHEKOAOTUUYECKOW NaTOAOTUH
CPEAU YKPAUHCKHUX XKEHLUHUH C NPOAUdEpaTUBHBIM TUNOM
A0OpoKauecTBeHHOM AUCNAA3UU MOAOUHOM XKene3bl 6e3 aTunuu

WU. M. AykaBeHko, A. B. KoaHorys, B. 0. fapby3oBa, A. B. ATamaH

[oGpokayecTBEHHas AMCTIa3usi MOSIOYHON Kenesbl — 3TO rpynna Bcex 406poKkaYecTBEHHbIX 3a60MeBaHuii C PUCKOM pasBuTHS
paka MomnouHol xenesbl (PMXK). PMX — camoe pacnpocTpaHéHHOe OHKomornyeckoe 3abonesaHue B MUpe, NMO3TOMY BaHO
HaTV HOBbIE GMOMapKEPbI 1 MULLIEHM 411t paHHE AMarHOCTUKM, NIEYeHMs], ONpeaeneHnst NPorHo3a U BbhkMBAeEMOCTU. [nnHHas
Hekogmpytowass PHK SRA MOXeT WCNONMHWTL 3Ty porb, CNefoBaTeNbHO Hy)XHbl AanbHENLNE UCCNEN0BAHNS €€ BIUSHWS Ha
naToreHe3 NpeapakoBbIX NOPAKEHNNA.

Llenb pabotbl — npoaHanuavpoBatb cBa3b Mexay rs801460 v rs10463197 nonumopchrnamamu 1 BO3HUKHOBEHWEM TMHEKOMOT-
4eCKOVi NaTornoruy Cpeay YKPanHCKIX XEHLUMH C nponndepaTBHBIM TUMOM A0BPOKaYECTBEHHO AMCMNA3vM MOMOYHOM Kenesbl
6e3 atunuu.

Marepuansi n metoasl. B nccnegosanve Bowwnv 115 naumneHTok ¢ nponudepat1BHbIM TUNOM A06POKaYeCTBEHHOM Avcrnasum
MOJI04HOM xenesbl 6e3 atunuun: 55 — ¢ ruHekonoryeckoii natonorvien n 60 — 6e3 Hee. MonumepasHas LenHas peakuus ¢ aHa-
NN30M 4SIMHBI PECTPUKLIMOHHBIX parmeHToB (PCR-RFLP) ncnonb3osaHa 4ns reHoTMNMpOBaHus nonMMopdramoB. [11s okpackm
CPes0B VCNONb30Bani reMaTtokCUIH 1 303UH, TONYWANHOBBIA CUHWA M MMKPOGYKCWH MO BaH MM3oHyY. CTaTucTnyeckuin aHanma
MPOBEEH C CNONb30BaHWEM NporpaMMbl At CTAaTUCTUYeCKon 06paboTku aaHHbIX SPSS 25.0.

Pe3ynkTathbl. YCTaHOBMEHBI CyLLECTBEHHbIE pa3nuuns B yactote annenei rs10463297-nonumopdmsma (p = 0,032), Ho He
rs801460 (p > 0,05) B rpynnax ¢ ruHeKonor4eckol natororueit 1 6e3 Hee. B To Bpemsi kak pacnpeaeneHme reHoTunoB obonx
nonMMopc3MOB CTaTUCTUYECKN He pasniyanocsk (p > 0,05).

CyluecTBeHHast cBa3b 0bHapyxeHa mexay SRAT rs10463297-nonumopuraMoM 1 BOHUKHOBEHMEM MMHEKONOMNYECKON naTo-
norun B jomuHaHTHo (p, = 0.023; OR = 2,638, 95 % Cl = 1,145-6,076) n anauveroi (p, = 0,034, OR = 2,489, 95 %
Cl = 1,069-5,794) mogensx. He yctaHoBneHa cessb Mexay SRA1 rs801460-nonumopdramom 1 pa3suTeM 4aHHON NaTonorim
(p > 0,05).

BbiBoabl. BoisiBneHo, 4to Hocutenn SRA7 rs10463297 TT-reHoTvna uMetoT B 2,6 pa3 BhlLLe PpUCK Pa3BUTHSI TMHEKONOTMYECKOI

naronorum, Yem Hocutenu C-annens, u B 2,48 pa3 —yvem TC-reTeposnroTbl.

Since the large-scale genomic projects FANTOM and
ENCODE revealed that only 2 % of the human genome
is protein-coding and the genome products are predomi-
nantly transcribed into non-coding RNAs (ncRNA), a lot of
scientists began their efforts to create a catalogue of these
RNAs [1,2]. Long non-coding RNAs (IncRNA) were found
to have more than 200 nucleotides in length, secondary
and three-dimentional structures and regulate the target
gene expression [3,4]. A lot of data on the involvement of
dysregulated IncRNAs in the oncological processes were
presented. Therefore, they can be used as biomarkers and
targets to provide the cancer early diagnosis and treatment,
predict the prognosis and survival [2,3].

In 1999, the steroid receptor RNA activator (SRA)
IncRNA was characterized by Lanz et al. They revealed
that SRA specifically transactivates steroid receptors and
is encoded by the SRA7 gene [5,6]. A few years ago,
they reported SRA overexpression in human tumors of
steroid-responsive tissues and SRA-mediated stimulation
of proliferation as well as apoptosis in SRA-transgenic
mouse models [7].

There is no evidence of an association between any
IncRNA and benign breast disease (BBD) development.
Given the fact that SRA can coactivate ERa- and Er3-recep-
tors of the breast tissue and stimulate proliferation through
the paracrine signaling, it can be assumed that SRA can
be involved into the proliferative type of BBD pathogenesis
[8,9]. In our previous paper, we defined the link between
SRA1 rs801460 and rs10463197 single nucleotide poly-
morphisms (SNP) and proliferative type of BBD with atypia.
We have established the positive association between
SRA1rs801460 SNP and this pathology development (not
published).

Aim
To analyze the association between SRA7 rs801460 and
rs10463297 SNPs and the occurrence of gynecological

pathology among Ukrainian women with the proliferative
type of benign breast disease without atypia.

Materials and methods

Study population. Whole venous blood of 115 Ukrainian
females with proliferative type of BBD without atypia was
used for the study. The study group included 55 subjects with
gynecological pathology (mean age [+SD] 31.80 + 9.13)
and the control group — 60 subjects without it (mean age
29.17 = 9.27). Gynecological pathology comprised all
dyshormonal disorders of reproductive organs. Each patient
with proliferative type of BBD was examined by a licensed
surgeon (license AG No. 600519) on an outpatient basis
and underwent surgical treatment at clinical sites of the De-
partment of Surgery with a Course of Pediatric Surgery and
Urology of Sumy Regional Oncology Center. All morpholo-
gical samples were investigated at the Scientific Center of
Pathomorphological Researches of Sumy State University.
The Scientific Laboratory of Molecular Genetic Research of
Sumy State University performed molecular genetic testing.

The study involved solely individuals with genetic
predisposition to the breast diseases, proliferative lesions
without atypia and without nonproliferative lesions.

The study design corresponded to the current orders of
the Ministry of Health of Ukraine No. 690 from 23.09.2009
and No. 616 from 03.08.2012, the European Convention
of Human Rights and Biomedicine, and the World Medical
Association Declaration of Helsinki on the Ethical Principles
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Table 1. General characteristics of the studied groups

Parameters, units With gynecological
pathology (n = 55)

for Medical Research Involving Human Subjects. Written

informed consents were obtained from all participants.
Genotyping. DNA extraction was done from the whole

venous blood of 115 BBD patients using the GeneJET

Without gynecological
pathology (n = 60)

Whole Blood Genomic DNA Purification Kit (Thermo Fisher C\?:nga::; ;23 z ?11:0 ig;g i :5; EZ:?
Scientific, USA). Polymerase chain reaction-restriction frag- Heighty' om 16653 + 6.48 166.62 + 715 0.913
ment length polymorphism analysis (PCR-RFLP) was used BMI, kgim? 2157 + 363 2098 + 263 0,097
for the SRAT rs801460 and rs10463297 genotyping. The Height of the glandular part 14.80 + 3.73 15.87 + 442 0.446
PCR reaction mixture included 5 pL of FastDigest Green of the breast, mm
Buffer (10X) (Thermo Scientific™, USA), 0.5 pL dNTP Mix Height of the fibroglandular part ~ 18.93 + 4.33 19.78 + 4.37 0785
(10mM of each deoxynucleotide) (Thermo Scientific™, G EESE il
USA), 0.75U DreamTaq DNA Polymerase (5 U/uL) (Thermo Age at menarche, years 1342 + 1.62 1348 + 1.38 0.217
Scientific™, USA), 0.1 4L of each primer, 75-100 ng DNA, ~ Abortons.n (%) 24(436) 18(30.0) 0129
and bidistilled water added up to 25 L. the next sequences '@ contraceptive intake,n (%) 16 (29.1) 8(133) 0038
Smokers, n (%) 19 (34.5) 18 (30.0) 0602

were used the specific primers: forward —5-GTC CATTCT
GTC TTCACT TAG-3', reverse —5-GGT GGC TCT CCT
CTA CTT-3*for rs10463297; 5°-TTT TTA GTA GAG ACA
GGG TTTTGC C-3" and 5'-ACT CTACGC CAGACAATA
TGC TAT G-3' for rs801460, respectively. Amplification was
conducted using Thermocycler GeneAmp PCR System
2700 (Thermo Fisher Scientific, USA).

The reaction mixture for the restriction included 2U
of restriction enzyme, 0.8 pL of 10X Buffer R (Thermo
Scientific™, USA) and bidistilled water added up to 2 pL.
The compound of amplification product (6 pL) and reaction
mixture (2 uL) was incubated at 37°C for 20 hours. Nsil
restriction enzyme (Thermo Fisher Scientific, USA) was
used for SRA1rs801460 SNP. It cut the amplicon (178bp)
into 155 bp and 23 bp fragments in the case of cytosine
(C) to thymine (T) replacement at the -5749th position
of the SRA1 gene [10]. The SRAT rs10463297 SNP re-
striction analysis was carried out using Eco47| (Thermo
Fisher Scientific, USA). The primary amplicon (483bp)
was splitted into two fragments of 317 bp and 166 bp by
Eco4T7lin case of T to C substitution at the -1440th position
of the SRAT gene [10].

Horizontal electrophoresis (10 V/cm)in 2.5 % agarose
gel with the ethidium bromide (10 mg/mL) addition was
applied for restriction fragments separation with further
visualization using ultraviolet transillumination.

Histology. The mammary tissue obtained was used for
histology. It was fixed in 10 % phosphate buffered formalin
for 48 hours and then embedded in paraffin. Paraffin series
were sliced at a thickness of 8-10 ym and incubated at
37 °C for 12 hours with the subsequent deparaffinization.
Hematoxylin and eosin, toluidine blue or van Gieson’s
picrofuchsin were used for sections staining.

Statistical analysis. The informative samples were
selected (115 cases) to find the possible association
between SRAT rs801460 and rs10463297 SNPs and
gynecological pathology development among patients
with proliferative type of BBD without atypia. The statistical
analysis was done using Statistical Package for the Social
Sciences software (SPSS, version 25.0, Chicago, IL, USA).
The distribution for normality was verified according to
the Kolmogorov—Smirnov test. Continuous variables were
presented as the mean +SD; categorical variables — as
absolute number and percentage value. Chi square (x?) test
was used for the comparison of categorical variables. The
mean values for two groups were compared using two-tailed
Student’s t-test, for three — ANOVA test with subsequent
Bonferroni post hoc test. Logistic regression was used to

Zaporozhye medical journal. Volume 23. No. 5, September — October 2021

Categorical variables were compared by ¥ test, continuous variables - by t-test.

estimate the odds ratio (OR) and 95 % confidence interval
(CI)for the four models of inheritance: dominant, recessive,
over-dominant and additive. The adjustments for age, BMI,
oral contraceptives intake, abortions and smoking were
used for multivariable logistic regression. AP value < 0.05
was considered as significant.

Results

The general characteristics of the study groups are shown
in Table 1. The studied groups were matched by mean age,
weight, height, BMI, height of the glandular and fibroglan-
dular parts of the breast, age at menarche, abortions and
smoking (P > 0.05). The significant difference was found
only in oral contraceptives intake (P = 0.038).

Table 2 contains the results of the SRA1 rs801460
and rs10463297 alleles and genotype distribution. The
frequency of SRAT rs10463297 alleles, but not genotypes
(P = 0.052), in patients with gynecological pathology
significantly differed from the group without it (P = 0.032),
while the distribution of SRA1 rs801460 alleles and geno-
types was similar between these groups (P > 0.05).

The results of SRAT rs801460 and rs10463297
genotypic association with gynecological pathology
development among women with proliferative type of
BBD without atypia are presented in Table 3. Statisti-
cally significant association was found between SRA1
rs10463297 polymorphism in both dominant (P, = 0.024;
OR, = 2437, 95 % Cl = 1.127-5.271) and additive
(P, = 0.040; OR_ = 2.277, 95 % Cl = 1.037-4.998)
inheritance models, as well as after adjustment for age,
body mass index, abortions, oral contraceptive intake and
smoking (dominant (P, = 0.023; OR, = 2.638, 95 %
Cl = 1.145-6.076), additive (P, = 0.034; OR, = 2.489,
95 % Cl = 1.069-5.794) models). There was no asso-
ciation between rs801460 and gynecological pathology
occurrence (P > 0.05).

Discussion

BBD is a group of all noncancerous mammary lesions. It
is classified into nonproliferative type, proliferative type
with and without atypia. The latter two have a high risk
of breast cancer (BC) development [11]. BC is the most
common cancer in the world; therefore, it is very important
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Table 2. Distributions of genotypes and alleles in compared groups

With gynecological Without gynecolo- X
pathology gical pathology
n % o [%

SRA1T 801460

rs10463297

Genotypes

cc 15 27.3 24 40.0 2731 0.255
CT 34 61.8 28 46.7

T 6 10.9 8 133

Alleles

C 64 58.2 76 63.3 0.639 0424
T 46 41.8 44 36.7

Genotypes

T 16 291 30 50.0 5921 0.052
TC 34 61.8 28 46.7

cC 5 9.1 2 33

Alleles

T 66 60.0 88 733 4612 0.032
Cc 44 40.0 32 26.7

SNP: single nucleotide polymorphism; categorical variables were compared by x? test

Table 3. Analysis of SRA1 rs801460 and rs10463297 genotypic association with
gynecological pathology development among women with proliferative type of BBD

without atypia

v o e _JoR @5%0)

_ OR. (95 % CI)

rs801460  Dominant 0.152  1.778 (0.809-3.904)  0.093 2.088 (0.884-4.928)
Recessive 0.692  0.796 (0.258-2.459)  0.782 0.843 (0.253-2.811)
Over-dominant ~ 0.105  1.850 (0.880-3.893)  0.081 2.012(0.917-4.417)
Additive’ 0.111  1.943(0.8594.395) 0.073  2.237 (0.927-5.399)
0.773  1.200 (0.347-4.145)  0.590 1.450 (0.376-5.598)
rs10463297 Dominant 0.024 2437 (1.127-5.271)  0.023 2.638 (1.145-6.076)
Recessive 0.215  2.900 (0.539-15.605) 0.234  2.923 (0.500-17.093)
Over-dominant ~ 0.105  1.850 (0.880-3.893)  0.102 1.919 (0.878-4.192)
Additive’ 0.040  2.277 (1.037-4.998)  0.034  2.489 (1.069-5.794)
0.083  4.687 (0.816-26.934) 0.076  5.417 (0.838-35.002)

SNP: single nucleotide polymorphism; Cl: confidence interval; Pc: crude P value; ORc: crude odds ratio;
Pa: P value adjusted for age, body mass index, abortions, oral contraceptive intake and smoking;
ORa: adjusted odds ratio. *Upper row in the additive inheritance model — comparison between Aa and

AA genotypes; lower row —

654
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between aa and AA genotypes.

to find new biomarkers and targets for early diagnosis,
treatment, prediction of prognosis and survival [12,13].
In our previous paper, we found the positive link between
SRA1 rs801460 SNP and proliferative type of BBD with
atypia development (not published). This paper considered
the association between SRA7 rs801460 and rs10463297
polymorphisms and the occurrence of gynecological patho-
logy among women with the proliferative type of BBD without
atypia.

Afew papers reported on the SRA1 polymorphisms. Rui
Yan et al. studied the association between SRA1rs801460
and rs10463297 SNPs and BC development. They found
that rs10463297 TC genotype increased BC risk compared
to the CC genotype. However, they did not reveal a signi-
ficant link between SRA1 rs801460 SNP and BC develop-
ment [14]. At the same time, Jifan Tan et al. disclosed that
the SRA1 rs10463297 polymorphism was associated with
polycystic ovary syndrome susceptibility [15].

Our results have shown significant differences in
the rs10463297 frequency of alleles in groups with and
without gynecological pathology. Statistically significant
association has been found between SRA7 rs10463297
polymorphism and gynecological pathology occurrence in
dominant and additive inheritance models. Consequently,

TT-carriers had 2.6 times higher risk of gynecological patho-
logy development than C-allele carriers; at the same time,
they had 2.48 times higher risk of gynecological pathology
occurrence than TC genotype carriers.

Conclusions

1. The frequency of SRAT rs10463297 alleles in pa-
tients with gynecological pathology is significantly different
from the group without it (P = 0.032).

2. Statistically significant association between SRA1
rs10463297 polymorphism and gynecological pathology
occurrence in both dominant and additive models of inher-
itance (P > 0.05) has been found.

3. No association has been detected between SRA1
rs801460 SNP and gynecological pathology development
(P > 0.05).

4. SRA1rs10463297 TT carriers have 2.6 times higher
risk of gynecological pathology development than C allele
carriers and 2.48 times compared with TC carriers.

Prospects for future research. Further studies are
necessary to expand the comparison groups and confirm
results. Moreover, the association analysis between other
SRA1 SNPs and proliferative type of BBD development
are needed for better understanding the INcRNA SRA role
in BBD.
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