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SHORT COMMUNICATION

Background: The infertile women have an increased risk of developing benign and malignant tumors, in particular, breast
cancer. Most studies have examined the role of gene variants in the risk of developing breast cancer, but there is little evi-
dence of genetic risk factors for benign tumors. 4im: To assess the combined genetic risk of developing mastopathy in women
with FSHR (rs6165, rs6166) and ESR1 (rs9340799, rs2234693) gene variants. Materials and Methods: The study included
87 infertile women (45 with concomitant fibrocystic mastopathy and 42 without mastopathy). Results: For rs9340799 and
rs2234693 variants of the ESR1 gene, we did not find any significant differences in the distribution of genotypes in infertile
women with or without mastopathy. In patients with mastopathy, there was a reliable increase in the frequency of 307Ala/
Ala and 680Ser/Ser genotypes of FSHR gene (y*= 6.39, p = 0.012, OR = 4.49 (1.48—13.65)) as compared to patients
without mastopathy. In the presence of 307Thr/Thr and 680Asn/Asn genotypes of the FSHR gene, a 4.88-fold reduc-
tion of mastopathy risk (x>= 8.06, p = 0.005, OR = 0.21(0.07—0.59)) was observed. The frequency of the FSHR and the
ESR1 genotypes combinations — 307Thr/Thr+680Asn/Asn+351AG+397TC was significantly decreased in patients with
mastopathy. Conclusions: Our study did not find an association of ESR gene variants with the risk of developing of mas-
topathy in infertile women although heterozygous variants of the ESR1 gene enhanced the “protective” effect of FSHR gene

variants and reduced the risk of mastopathy.
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The results of several large-scale retrospective
cohort studies have confirmed that infertile women
have an increased risk of developing benign and
malignant tumors, in particular, of breast localiza-
tion [1-4]. Thisis attributed primarily to the hormonal
imbalance, in particular, of sex hormones in a wom-
an’s body, and possibly to the effects of infertility
treatment. The candidate genes that can directly and
indirectly affect the functional state of the breast have
been already identified [5-7]. However, most stud-
ies have examined the role of gene variants in the
risk of developing breast cancer, but there is little
evidence of genetic risk factors for benign tumors.
One previous study reported that ESR1 gene variants
modulated the risk of developing both malignant and
benign breast tumors in women, but their association
with impaired fertility was not investigated [8]. More-
over, we found the association between FSHR gene
variants with a risk of infertility and mastopathy [9].
Given the elucidation of the influence of these genes
on reproductive processes [10], including replen-
ishment of the follicular reserve [11], and the ability
to select optimal protocols for in vitro fertilization [12],
the aim of this study was to assess the combined
genetic risk of developing mastopathy in women with
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the ESR1 (rs9340799, rs2234693) and FSHR (rs6165,
rs6166) gene variants.

MATERIALS AND METHODS

The study included 87 women with reproductive
disorders (long-term infertility over 7 years and infertility
that occurred after early reproductive losses). Of these,
45 (51.7%) were women with concomitant fibrocystic
mastopathy (code ICD-10 — N60.1.) — group 1, and
42 (48.3%) were women without mastopathy — group
2. Exclusion criteria were as follows: age over 48 years,
chronic inflammatory infectious diseases, uterine
abnormalities, and cancer. Informed consent was ob-
tained from each participant included in the study. The
study was approved by the Ethics Committee of the
State Institution “Institute of Pediatrics, Obstetrics and
Gynecology of the NAMS of Ukraine”.

The ESR1 (rs9340799, rs2234693) and FSHR
(rs6165, rs6166) gene variants were determined using
the molecular genetic methods according to previously
published protocols [8-10].

Statistical data processing was conducted us-
ing Microsoft Excel Pro Plus 2016 and SPSS v.27.
Genotype and allele frequencies in the study and
comparison groups were compared using the x? test.
The association of variants of the studied genes with
the risk of mastopathy was examined by calculating the
odds ratio (OR) within 95% of the confidence interval
(CI). Differences were considered reliable for all types
of analysis at a significance level (p) less than 0.05.
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RESULTS AND DISCUSSION

Previously we have analyzed the influence of FSHR
gene variants on the risk of mastopathy and demon-
strated that the patients of group 1 had significantly
increased frequency of 307Ala/Ala and 680Ser/Ser
genotypes in the FSHR gene (x*= 6.39, p = 0.012,
OR = 4.49 (1.48-13.65)) as compared to patients
of group 2. The risk of mastopathy in infertile women
with this genotype increased almost by 4.5 times [9].
In the presence of 307Thr/Thr and 680Asn/Asn
genotypes of the FSHR gene, a reduced risk of mas-
topathy 4.88 times was observed (x2=8.06, p = 0.005,
OR = 0.21 (0.07-0.59)). It should be noted that the
significantly influential variants of the FSHR gene,
which we have identified, are characterized by the
linked nature of inheritance.

The molecular genetic analysis in the same
study groups revealed no differences in the distri-
bution of genotype frequencies for rs9340799 and
rs2234693 variants of the ESR1 gene in the groups
of women with reproductive disorders with or without
mastopathy (Figure). Therefore, ESR1 gene vari-
ants does not seem to affect the risk of develop-
ing of mastopathy in the studied group of infertile
women.
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Figure. The frequencies of genotypes of the ESR1 gene in the

comparison groups

Table. The frequencies of identified combinations of ESR1 and FSHR gen-

otypes in the comparison groups
FSHR ESR1

. . Group 1 Group 2
gene variants gene variants (n = 45) (n=42)
rs6165 rs2234693  rs9340799
307Ala/Ala 397TT 351AA 5(11.1%)  4(9.5%)
397TC 351AA 2(4.4%) 1(2.4%)
351AG 5(11.1%) 0(0.0%)
351GG 1(2.2%)  0(0.0%)
397CC 351AG 2(4.4%)  0(0.0%)
351GG 2(4.4%) 0(0.0%)
307Ala/Thr 397TT 351AA 4(8.9%) 4(9.5%)
397TC 351AA 2(4.4%) 1(2.4%)
351AG 9(20.0%) 9(21.4%)
351GG 0(0.0%) 1(2.4%)
397CC 351AA 1(2.2%)  0(0.0%)
351AG 3(6.7%)  0(0.0%)
351GG 3(6.7%)  4(9.5%)
307Thr/Thr 397TT 351AA 1(2.2%) 2(4.8%)
397TC 351AA 3(6.7%)  3(7.1%)
351AG 2(4.4%) 9(21.4%)
397CC 351AA 0(0.0%) 1(2.4%)
351AG 0(0.0%)  3(7.1%)

Note: Only in combination given in bold, the difference between two groups
was significant (p < 0.05).

To elucidate the possible interaction between
ESR1 and FSHR genotypes and the possible modify-
ing effect of the ESR1 gene on the FSHR-depended
risk of mastopathy, we investigated the effect of their
combinations in infertile women on the risk of devel-
oping mastopathy. The data are summarized in the
Table.

We found a significant decrease in the frequency
of combination of genotypes 307Thr/Thr+680Asn/
Asn+351AG+397TC in terms of the FSHR and
ESR1 genes in the group of women with reproduc-
tive disorders with mastopathy as compared to those
without mastopathy (4.4% vs 21.4%, x?>= 4.438,
p = 0.036, OR = 0.17 (0.03-0.84)). Accordingly,
in patients of group 1 as compared to group 2, we ob-
served an increased frequency of detection of the
combination of genotypes 307Ala/Ala+680Ser/
Ser+351AG+397TC in terms of the FSHR and
ESR1(11.1%vs 0.0%, x>=3.11, p=0.078) due to the
linked nature of inheritance, but the differences were
not significant. Thus, heterozygous variants of the
ESR1 gene enhance the “protective” effect 307Thr/
Thr+680Asn/Asn variants of FSHR gene to the devel-
opment of mastopathy in infertile women (5.86-fold
risk reduction).

Recently, there has been an increased interest
in determining the factors that lead to the development
of benign breast tumors and their role in increasing
the risk of breast cancer [13, 14]. A special place
in these studies belongs to women with reproduc-
tive disorders, in particular, infertility, because hor-
monal imbalance and hormone therapy used in the
treatment of these diseases are predictors of breast
cancer. The results of a cross-sectional study con-
ducted by Lundberg et al. [15] showed that women with
a history of infertility have increased mammographic
density.

In our previous study, we found that the pres-
ence of homozygous 307Ala/Ala and 680Ser/Ser
genotypes of FSHR gene was associated with the
development of mastopathy in infertile women
(they were found in almost 40% of infertile patients)
as in their presence the risk of mastopathy increased
by 4.5 times [9]. However, these variants of the FSHR
gene, in particular the presence of the 680Ser allele,
are known to be associated with a decreased sensitiv-
ity to follicle-stimulating hormone (FSH) and are due
to higher levels of serum FSH [11, 16]. On the other
hand, the results of studies indicate the role of FSH
in the development and progression of benign and
malignant neoplasms of the breast [17, 18]. Mean-
while, our results confirm the findings of the above
studies.

Our study of these variants of the FSHR gene
indicates the possibility of developing pharmacoge-
netic tests that will be used in the treatment of infertile
women. This is clearly confirmed by the existing data
that patients with homozygous 680Ser/Ser genotype
have a 2-fold increase in the risk of resistance to clo-
miphene citrate [19], which, on the one hand, is effec-
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tive in the treatment of some forms of infertility, and
onthe other hand, may increase the risk of breast can-
cer [20]. Therefore, the use of this pharmacogenetic
test will allow us to develop protocols for personalized
prevention and treatment, as well as to optimize the
purpose of clomiphene citrate, taking into account
genetic characteristics.

We did not find significant differences for the
studied variants of ESR1 gene in infertile women.
However, our previous studies have shown an as-
sociation between these variants of ESR1 gene with
infertility in Ukrainian married couples. This discrep-
ancy can be explained by different study designs,
including the fact that currently, the study group
included only infertile women who have frequencies
of genotypes for variants in terms of ESR1 gene that
differ from the population ones [10].

For infertile women, in whom the markers of ge-
netic risk have been identified, active prophylactic
measures may be recommended to reduce the risk
of developing benign and malignant breast tumors.
In particular, the use of herbal preparations and
vitamins that can help normalize hormonal balance
is feasible [21-22].

Our study did not find an association
of ESR1 gene variants with the risk of developing
of mastopathy in infertile women. But heterozy-
gous variants of the ESR1 gene enhanced the pro-
tective effect of FSHR gene variants and reduced
the risk of mastopathy.

REFERENCES

1. Feng J, Wang J, Zhang Y, et al. The efficacy of comple-
mentary and alternative medicine in the treatment of female
infertility. Evid Based Complement Alternat Med 2021;
2021: 6634309. doi: 10.1155/2021/6634309.

2. Murugappan G, Li S, Lathi RB, e al. Risk of cancer
in infertile women: analysis of US claims data. Hum Reprod
2019; 34: 894—902. doi: 10.1093/humrep/dez018.

3. Williams CL, Jones ME, Swerdlow AJ, er al. Risks
of ovarian, breast, and corpus uteri cancer in women
treated with assisted reproductive technology in Great
Britain, 1991—2010: data linkage study including 2.2 mil-
lion person years of observation. BMJ 2018; 362: k2644.
doi: 10.1136/bm;j.k2644.

4. Jensen A, Sharif H, Olsen JH, et al. Risk of breast can-
cer and gynecologic cancers in a large population of nearly
50,000 infertile Danish women. Am J Epidemiol 2008;
168: 49—57. doi: 10.1093/aje/kwn094.

5. Al-Eitan LN, Rababa’h DM, Alghamdi MA, et al.
Association between ESRI, ESR2, HER2, UGTI1A4, and
UGT2B7 polymorphisms and breast cancer in Jor-
dan: a case-control study. BMC Cancer 2019; 19: 1257.
doi: 10.1186/s12885-019-6490-7.

6. Hu X, Jiang L, Tang C, et al. Association of three single
nucleotide polymorphisms of ESRIwith breast cancer sus-
ceptibility: a meta-analysis. J Biomed Res 2017; 31: 213-25.
doi: 10.7555/JBR.31.20160087.

7. Henriksen LS, Hagen CP, Assens M, et al. Genetic
variations in FSH action affect sex hormone levels and breast
tissue size in infant girls: a pilot study. J Clin Endocrinol Metab
2016; 101: 3191-8. doi: 10.1210/jc.2016-1672.

8. Paliychuk OV, Polishchuk LZ, Rossokha Z1, e al. Mo-
lecular-genetic models for prognosis of development of tumors
of reproductive system in women with family history of cancer.
Exp Oncol 2018; 40: 59—67.

9. Kornatska AG, Gorovenko NG, Dubenko OD, et al. [Ge-
netic risk factor for fibrocystic breast disease in women with
infertility]. Health of Woman 2016; 1: 187—91 (in Ukrainian).
doi: 10.15574/HW.2016.107.187.

10. Fishchuk L, Rossokha Z, Sheyko L, er al. ESRI gene
related risk in the development of idiopathic infertility and
early pregnancy loss in married couples. Georgian Med News
2020; 6: 48—54.

11. Sambor IY, Rossokha ZI, Medvedieva NM, et al. [Ge-
netics aspects of premature ovarian failure development
(literature review)]. Obstetrics. Gynecology. Genetics 2018;
4: 52—59 (in Ukrainian).

12. Tatarchuk TF, Hiulmamedova ID, Rossokha ZI,
et al. |[Pregnancy and childbirth after a cycle of assisted re-
productive technologies in patient with a mutation of FSH
receptor gene, secondary amenorrhea, uterine hypoplasia
and endometrial receptivity disorders (clinical case)]. Reprod
Endocrinol 2015; 6: 72—5 (in Russian).

13. Alexa O, Stolnicu S, Horvath E, et al. [ The relationship
between benign breast proliferation (fibrocystic mastopathy)
and the appearance of breast carcinoma]. Rev Med Chir Soc
Med Nat Iasi 2000; 104: 101—9 (in Romanian).

14. Schauer K. [Fibrocystic mastopathy as a cancer risk].
Zentralbl Chir 1989; 114: 11—7; discussion 18—9 (in German).

15. Lundberg FE, Johansson AL, Rodriguez-Wallberg K,
et al. Association of infertility and fertility treatment with
mammographic density in a large screening-based cohort
of women: a cross-sectional study. Breast Cancer Res 2016;
18: 36. doi: 10.1186/s13058-016-0693-5.

16. Zalewski G, Wolczyniski S, Chyczewski L. Asso-
ciation of rs6166 polymorphism with FSH receptor tran-
script variants and steroid production in human granu-
losa cell cultures. Syst Biol Reprod Med 2013; 59: 191-8.
doi: 10.3109/19396368.2012.745035.

17. Garde SV, Sheth AR, Joseph R, ez al. Occurrence and
de novo biosynthesis of follicle stimulating hormone (FSH)
in benign and malignant conditions of human breast. Cancer
Lett 1993; 75: 1-9. doi: 10.1016/0304-3835(93)90200-s.

18. Zhou J, Chen Y, Huang Y, et al. Serum follicle-stimulat-
ing hormone level is associated with human epidermal growth
factor receptor type 2 and Ki67 expression in post-menopausal
females with breast cancer. Oncol Lett 2013; 6: 1128—32.
doi: 10.3892/01.2013.1516.

19. Valkenburg O, van Santbrink EJ, Konig TE, ez al.
Follicle-stimulating hormone receptor polymorphism af-
fects the outcome of ovulation induction in normogo-
nadotropic (World Health Organization class 2) an-
ovulatory subfertility. Fertil Steril 2015; 103: 1081-8.e3.
doi: 10.1016/j.fertnstert.2015.01.002.

20. Lerner-Geva L, Keinan-Boker L, Blumstein T, ez al.
Infertility, ovulation induction treatments and the incidence
of breast cancer-a historical prospective cohort of Is-
raeli women. Breast Cancer Res Treat 2006; 100: 201—12.
doi: 10.1007/s10549-006-9238-4.

21. Kwon CY, Cho IH, Park KS. Therapeutic effects
and mechanisms of herbal medicines for treating polycystic
ovary syndrome: a review. Front Pharmacol 2020; 11: 1192.
doi: 10.3389/fphar.2020.01192.

22. Jin J, Hu QY, Xu WW, et al. Tanshinone IIA attenu-
ates estradiol-induced polycystic ovarian syndrome in mice
by ameliorating FSHR expression in the ovary. Exp Ther Med
2019; 17: 3501—8. doi: 10.3892/etm.2019.7352.



Experimental Oncology 43, 266-269, 2021 (September)

269

BAPIAHTUTEHA ESR1 BNJINBAIOTb
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CraH nutaHHs: Y XiHOK 3 6e3nnigaam BigMivaloTb NiasuLLe-
HUI PU3MK PO3BUTKY [OBPOSKICHUX Ta 3/109KICHUX HOBOYTBO-
peHb, 30KpemMa, 10Kani3oBaHMX y MOJIOYHIN 3ano3i. binbLwicTb
[OCNIOXEHb NPUCBAYEHI BUBYEHHIO POJli BapiaHTIB MeHis B pu-
31Ky PO3BUTKY pPaKy MOJIOYHOI 321031, ane NPakTUYHO BiACYTHI
LaHi NPO reHeTUYHI YUHHUKM PU3NKY BUHUKHEHHS J,00posiKic-
HUX HOBOyTBOpPEHb. MeTa: OujHka KOMOGIHOBAHOIrO reHeTuy-
HOrO PM3KNKY PO3BUTKY MacToMnaTii y XiHOK 3 BapiaHTaMu reHis
ESR1 (rs9340799, rs2234693) ta FSHR (rs6165, rs6166) ana
dopMyBaHHS cTpaterii NepcoHani3oBaHMX KNiHIYHUX pilleHb
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npv nikyBaHHi 6e3nninns. Marepianm Ta metogn: [1o pocni-
DXeHHs1 6yno 3anydeHo 87 xiHokK i3 6e3nnipasm. 13 Hux — 45
(51.7%) xiHOK i3 cynyTHbOIO diGPO3HO-KICTO3HO MacTona-
Tieto Ta 42 (48.3%) xiHkn 6e3 macTtonartii. Pe3ynbTarn: Ons
BapiaHTiB rs9340799 Ta rs2234693 reHa ESR1 HaMn He 6yno
BUSIBJIEHO XOOHMX BipOrigHMX BiOMIHHOCTEN Yy pO3noaini reHo-
TMNiB y 6€3nnigHNX XiHOK ABOX rpyn NOPIBHSAHHSA. Y nauieHToK
3 MacTonarieto 6ys0 BiaMiYEHO BiporiaHe MiABULLIEHHS YacTo-
Tn reHoTunis 307Ala/Ala Ta 680Ser/Ser reHa FSHR (x2= 6,39,
p=0,012, OR=4,49 (1,48-13,65)) nopiBHAHO 3 ocobamu 6e3
mMacTtonarTii. A 3a HasBHOCTI reHotuniB 307Thr/Thr Ta 680Asn/
Asn reHa FSHR 6yno BUSIBNIEHO 3HWXEHHSI PU3MKY PO3BUTKY
mMacTtonarTii y 4,88 pa3sa (x*= 8,06, p = 0,005, OR = 0,21 (0,07-
0,59)). YactoTta noegHaHHA reHoTuniB 3a reHamm FSHR Ta
ESR1 -307Thr/Thr+680Asn/Asn+351AG+397TC 6yna 3Hauy-
LLIO 3HMXKEHA Y MALEHTIB 3 MacTonaTi€lo NOPIBHAHO 3 NaLi€H-
Tamu 6e3 mactonarii (4,4% npotu 21,4%, x*°= 4,43, p = 0,036,
OR = 0,17 (0,03-0,84)). BucHoBkun: Y HallOMy OOCHiOXEHHI
He Oyno BMSBMIEHO acoliauliii BapiaHTiB reHa ESR1 3 pu3nkom
PO3BUTKY MacTonarii y XiHok 3 6e3nnigasam. Ane reteposnroT-
Hi BapiaHTn reHa ESR1T nocunioBann “npoTekTUBHUN” edekT
BapiaHTiB reHa FSHR i 3H1XyBanu pu3nK po3BUTKY MacTonarii.
Knioyosi cnosa: mactonarisi, 6esnninns, FSHR, ESR1.



