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Aim. To study ssociation of the FGFR2 and TOX3/LOC643714 genetic polymorphisms with
the BRCA1/2 mutation status in Ukrainian female breast cancer patients without ionizing ra-
diation impact in their histories. Methods. Molecular genetics methods were used. Non-
parametric data were evaluated using the two-way Fisher’s Exact test. Statistical analysis was
performed using the StatPlus Pro program package. Results. Association of genetic polymor-
phisms rs2981582 of the FGFR2 gene and rs3803662 of the TOX3/LOC643714 gene with the
mutation status of the BRCA1/2 genes in breast cancer patients non-treated with ionizing ra-
diation in their histories was shown. The association between the minor genotype of the 7OX3/
LOC643714 gene and the positive status of the BRCAI gene was found to be reliable. No
statistic association was found between homozygotes for the major alleles and heterozygote
polymorphisms of the FGFR2, TOX3 / LOC643714 genes, with or without BRCA1/2 muta-
tions (p < 0.05).
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Breast cancer is the most commonly occurring
cancer among women world wide [1]. In
Ukraine it accounts for over 20 % of all ma-
lignant tumors and is the second most frequent
cause of cancer-related death [2].

Despite the fact that most cases of breast
cancer are sporadic, 25 % of them are associ-
ated with hereditary inheritance factors of high

penetrance genes for the development of breast
cancer, and family history remains the best
indicator of their individual risk [3]. Among
the known predisposition genes, the BRCAI
and BRCA2 mutations have the strongest influ-
ence on the susceptibility of the disease and
the risk of developing breast cancer to 85 %
of the mutation carriers [4, 5].
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Though the effect of high penetrance gene
mutations is noticeable, they account for only
about 25 % of family risk and less than 5 %
of the overall incidence of breast cancer, since
their frequency in the general population is
very low [6]. As a result of the combination of
several common low penetrance genes, each
of which increases the risk of breast cancer,
the odds ratio (OR) is 1.2—1.5 [7.8]. According
to the polygonal model of inheritance, a large
number of low penetrance genes may have a
communicative effect on the risk [9] and the
disease manifestation [10, 11].

Single nucleotide polymorphism (SNPs)
associated with the risk of various types of
cancer has been identified through Genome-
wide association study (GWAS). More than
22 studies have been conducted to study
breast cancer in different populations, where
more than 36 loci have been associated with
the hereditary predisposition to this dise-
ase [12].

Antoniou A. et al. suggested that the he-
reditary predisposition to breast cancer in the
carriers of mutations in the BRCAI and BRCA2
genes may be explained in a polygenic model
with a large number of low penetrance alleles,
each of which slightly increases the risk, but
their cumulative effect becomes quite pro-
nounced [13]. The hypothesis “common dise-
ase — common variant” was formulated, ac-
cording to which the hereditary predisposition
to common diseases (including oncology) is
caused by many genetic variants, often found
in the population [14].

GWAS has identified the genetic suscepti-
bility loci associated with breast cancer risk
[15-17]. Today low penetrance SNPs [18] with
a weak association with the breast cancer risk
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compared to high penetrance mutations such
as BRCAI or BRCA? is identified [19]. Though
each option with low penetrance gives only a
small increase in breast cancer, a combination
of individual choices can act cumulatively
leading to an increased risk (some of which
are listed in Table 1). Such combinations may
be useful tools for the identification of women
with relative risk and prevention in the popu-
lation. Relations likely are situated in the range
of 1.1-1.3 and 1.2-1.6 for hetero- and homo-
zygous genotypes respectively [8, 23, 24]. The
important fact is that although mutations in the
genes BRCAI, BRCAZ2 cause an increased risk
of breast cancer, Baynes S. demonstrated that
there is no association between genetic poly-
morphisms and mutations in the genes BRCAI,
BRCA?2 (separately and in combination) with
the risk of breast cancer [17, 25].

The aim of the work was to establish the
association of genetic polymorphisms of the
FGFR2, TOX3 /LOC643714 genes carriership
with mutation status of the BRCA1/2 genes in
Ukrainian women with breast cancer who do
not have an ionizing radiation history.

Methods

Patients. The main group of patients was
formed from 62 women aged 35-60 and diag-
nosed to have breast cancer, which was con-
firmed histologically. To determine the speci-
fics of the clinical course of the disease, the
history of the disease and medical records of
the patients were studied; the computer data-
base was created. The study included women
without ionizing radiation and anamnesis. The
studied cohort of women was divided accord-
ing to their mutated status into BRCA1/2positive
and negative ones. For molecular genetic stu-
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Table 1. SNPs — low penentrance markers of genetic predisposition to breast cancer with BRCA1I and

BRCA2 gene mutations carriers

Risk modification
in the BRCAI
Poly_mo- Locus Gene Protein function OR for Association in d'ifferent and 3RCA2 gene
rphism minor allele groups of patients mutations carriers
[20, 21]
BRCAI BRCA2
Breast cancer in postme-
recipe for nopause [17], stronger
rs2981582 10g26 | FGFR2 growth of 1,26 [8, 17] | associations with ER- no yes
fibroblasts positive and PR-positive
breast tumors [22]
DNA-dependent 1.28[23] Stronger associations
rs3803662 16q12.1 TOX3 | regulation of the 1’ 20[8] with ER-positive breast yes yes
transcription ’ tumors [23]

dies, the samples of peripheral blood were
used.

DNA isolation. DNA isolation was carried
out with the standard method using the
NeoPrep!? DNA Magnet kit (NeoGene,
Ukraine). Also, the genomic DNA was ex-
tracted from formalin-fixed and paraffin-em-
bedded tissues using a Quiamp DNA Mini Kit
DNA kit (Quiagen, Hilden, Germany).

Allelic-specific PCR. The genotyping of the
polymorphic markers rs2981582 of the gene
FGFR2 and 153803662 of the TOX3 /LOC643714
gene was performed by allelic-specific PCR with
real-time detection on the LightCycler II ampli-
fier (Roche, Switzerland) using specific primers
and probes. The probes have a fluorescence
modification and a gummy dye (quencher) that

suppresses fluorescence until the DNA poly-
merase, due to its exonuclear activity, releases
fluorochrome in the process of elongating the
PCR product. Each step was accompanied by the
registration of the fluorescence signal in the
bands corresponding to fluorores fluorescence
intervals. Primers for the determination of the
studied polymorphisms of the FGFR2, TOX3 /
LOC643714 genes synthesized by the TIB
MOLBIOL company (Germany) are presented
in Table 2.

The reaction mixture consisted of probes
manufactured by Roche Diagnostics (Germa-
ny). Amplification was performed under the
following conditions: initial denaturation for
10 min at 95 °C; 45 amplification cycles that
exponentially increase the number of ampli-

Table 2. Primers to define the genes FGFR2, TOX3/LOC643714 polymorphisms being studied

Polymorphism Primer Sequence (5’ ® 37)
Upstream CATCGCCACTTAATGAACCTGTTTG
rs2981582 of the FGFR2 gene
Downstream GGAGAGTCCACCTGGTGCCTGCCTG
Upstream CTCTCCTTAATGCCTCTATAGCTGTC
rs3803662 of the TOX3/LOCG643714 gene
Downstream CTTAGCGAAGAATAAAACTGTGGAC
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cons for molecular analysis and include dena-
turation at 95 °C — 10 sec, reoccurring at 60
°C — 10 sec, synthesis at 72 °C 15 sec; melting
at 95 °C — 20 sec, 40 °C — 40 sec; cooling at
40 °C — 30 sec.

At the end of the amplification reaction, the
accounting and analysis of the results were
made in accordance with the manufacturer‘s
recommendations.

The search for mutations was done using
the PCR method and the analysis of the melt-
ing point Tm of the amplicons obtained. The
PCR reaction was performed using TIB
MOLBIOL (Germany) reagents. The dis-
placement of Tm indicated changes in the
nucleic acid sequence of the amplicon. The
Tm analysis was performed using Light
Cycler Software (build 4.1.1.21.) (Roche,
Switzerland).

Statistic. The obtained results were processed
using variation statistic methods, adopted for
biological research and recommended for the
processing of the results of molecular genetic
studies using the StatPlus Pro package.

Results

Antoniou A. C. and Easton D. F. made the hy-
pothesis that the risk of developing breast can-
cer in the carriers of mutations in the BRCA/
and BRCA2 genes is modified by genetic fac-
tors [7]. The multicentre studies conducted by
Antoniou A.C. ef al. who included in total more
than 25,000 mutation carriers in the BRCAI and
BRCA?2 (20, 21] genes showed a modifying role
of the common low penetrance genetic variants
associated with the risk of development in the
general population (Table 1) .

It is important that the relative risk for these
genetic variants in the group of patients with
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mutations in the BRCAI and BRCA2 genes
coincides with the risk for the population as a
whole, although it is a significant factor that
modifies the risk of developing breast cancer.
Thus, the data obtained most fit to a simple
multiplicative interaction model, in which the
effect of each variant is independent; the ac-
curate assessment of the risk is made taking
into account the contribution of high-pene-
trance mutations [26]. Patients with mutations
in the BRCA2 in postmenopause [17], stronger
associations with ER-positive and PR-positive
breast tumors [22].

As a result of molecular-genetic analysis of
DNA in women with breast cancer without
radiation history, the association of carriership
of genetic polymorphisms rs2981582 of the
FGFR2 gene, rs3803662 of the 70X3/
LOC643714 gene with mutation status of the
genes BRCA1/2 was established.

Among the patients without breast cancer
who had molecular genetic determination of
genotypes of rs2981582 polymorphism of [the]
FGFR?2 gene, 5 of 62 subjects had positive
status of the BRCA1 gene. The BRCA2 muta-
tions were not found in the studied cohort.

In the cohort of patients without a radiation
history, which managed to successfully am-
plify the rs3803662 polymorphism of the
TOX3 / LOC643714 gene, four BRCAI-
positive mutations were identified among 41
patients. Instead, the BRCA2 mutation was not
found in the studied group.

Having applied Fisher’s ratio test we man-
aged to calculate the association among the
BRCAI / 2 gene status indicators, depending
on the variants of the genetic polymorphisms
rs2981582 of the FGFR2 gene, 1s3803662 of
the TOX3 / LOC643714 gene.
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Table 3. Distribution of genetic polymorphisms
genotypes of rs2981582 of the FGFR2 gene,
rs3803662 of the 7T0X3 / LOC643714 gene
depending on the status of BRCA1/2 genes in
women with breast cancer without ionizing
radiation history

SNPs: rs2981582 1s3803662

Breast TOX3/
cancer Gene: FGFR2 LOC643714
patients

without | Number of n=62 n=41

IR in Patients

histo

B SNP el er | tr|cc|er | T
genotypes:

BRCA-positive 3 /0 (2 ]0 1
BRCA-negative 2512319 265

We obtained the following results: Fisher’s
ratio test with the association of genetic poly-
morphism rs2981582 of the FGFR2 gene and
rs3803662 of the TOX3 / LOC643714 gene with
positive status of the BRCAI gene was 0.212,
p < 0.05 and 0.028, p > 0.05, respectively.

No association of the rs2981582 genotypes
of the FGFR2 gene with positive or negative
status of the BRCA1/2 genes was found in the
cohort of patients with breast cancer without
ionizing radiation impact in their history.

Instead, we revealed an association with the
BRCAI-positive status of the minor allele in
the 7T polymorphism rs3803662 of the TOX3
/LOC643714 gene among patients with breast
cancer without ionizing radiation in their his-
tory (Fisher’s ratio test — 0.028, p > 0.05).

The results of the correlation of the genetic
polymorphisms rs2981582 of the FGFR2 gene
and rs3803662 of the gene TOX3 / LOC643714
among patients with breast cancer without
ionizing radiation in their history are presented
in Table 4.

No statistic association was found among
homozygotes for major alleles and heterozy-
gote polymorphisms of the FGFR2, TOX3 /
LOC643714 genes, with or without BRCAI /
2 mutations (p < 0.05).

Thus, by comparing and analyzing the data
of the molecular study, regarding the genetic
polymorphism rs2981582 of the FGFR2 gene,
with a positive and negative BRCA-status, no
significant difference has been found between
the indices.

According to the literature, the genetic poly-
morphism rs2981582 of the FGFR2 gene was
significantly associated with the BRCA2 muta-
tion (p = 2 x 10-8) [27]. Latif ef al. have also
found that in the breast cancer patients who
were 7T genotype carriers the FGFR2 gene
was associated with the positive status of the
BRCA2 mutation.

In the mutation carriers, BRCAI and BRCA2
were associated with the genetic polymor-
phism rs3803662 of the TOX3 / LOC643714
gene and an increased risk of breast cancer
(p = 0.004 and 0.009 respectively) [28].

According to the Antoniou A. C. et al., re-
search for the rs2981582 polymorphisms of the

Table 4. Frequency of genetic polymorphisms rs2981582 of the FGFR2 gene, rs3803662 of the TOX3/
LOC643714 gene in women with breast cancer without ionizing radiation history with different mutation

status of the BRCA1/2 genes

Gene SNP V allele Fisher’s ratio test p
FGFR2 rs2981582 T 0,212 p <0,05
TOX3/LOC643714 rs3803662 T 0,028 p>0,05
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FGFR?2 gene, an increased risk of breast cancer
for BRCA2 mutation carriers was found [21].
In the study conducted in the Chilean population
of women with a family history of breast cancer,
a correlation was found between the minor al-
lele 153803662 of the TOX3/LOC643714 gene
with the risk of developing breast cancer (OR =
1.57 95 % CI 1.25-1.95) [29].

However, in our study, we did not have
patients with such mutations. According to the
same authors, the close connection between
the T/T genotype and the rs3803662 polymor-
phism of the TOX3/LOC643714 gene with a
positive mutation status of the BRCAI gene
was proved, which was reflected in our study
for spontaneous breast cancer (p = 0.03). The
latter fact can be a consequence of the inher-
ited gene linkage.

Conclusions

The association of the 77 rs3803662 genotype
of the TOX3/LOC643714 gene with positive
mutation status of the BRCAI gene (p = 0.03)
was observed in women with breast cancer
without ionizing radiation in their history.

No association was found between homo-
zygotes for major alleles and heterozygote
polymorphism of the TOX3 / LOC643714
gene, and the presence or absence of the
BRCA?2 mutations (p < 0.05).

No statistic association was found among
homozygotes for major alleles and heterozy-
gotes of the FGFR2 polymorphism, with or
without mutations in the BRCAI and BRCA?2
genes (p < 0.05).
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BusznauenHs aconianii HocilicTBa reHeTHYHMX
noJjiMop(izMiB 3 MyTalliilHUM cTaTycOM reHiB
brcal/2 npu CIOHTAHHOMY PaKy MOJIOYHOI3aJ1031

C. L. ITominuk, JI. A. Pubuenko, C. B. Knumenko,
JI. M. 3axapuesa, b. T. Knimyxk

Meta. Busnauenns acomianii HOCIHCTBa T€HETHYHUX
noimopdismiB reHiB FGFR2, TOX3/LOC643714 3 my-
TaliitHuM crtarycoM reHiB BRCAI/2 y xiHOK YKpaiHH
XBOPHX Ha PaK MOJIOYHOT 3aJI03H, SIKI HE MAIOTh BILJIMBY
10HI3yIOYOrO BHIIPOMIHIOBaHHS B aHamHe3l. MeToau.
MoreKysIsipHO-TeHeTHYHI METOIM ToCipKeHHs. Hemapa-
METPHYHI JaHi OILIHIOBAIA 3 BUKOPHUCTAHHSIM TOYHOTO
tecty Dimepa B 1BoOiyHOMY BapiaHTi. CTaTUCTHYHUI
aHaJIi3 MPOBOAMIN 3 BUKOPUCTAHHSAM IAKeTy IPOrpamMu
StatPlus Pro. Pe3yabraru. [loka3zaHo,mo iCHyIOTh aco-
miarii HocificTBa TeHeTUIHHX MMONiMOpQi3MiB rs2981582
rera FGFR2, 133803662 rena TOX3/LOC643714 3 my-
TanifHM crarycom reHiB BRCA /2 iHOK XBOpPHX Ha
PM3 6e3 i0HI3yI040TO BHIIPOMIHIOBAHHS B aHAMHE3I.
Bucnosku. Cepen A0CTIPKEHIX I'eHETUYHUX TOIIMOP-
(hi3MiB JTOCTOBIPHUM BHSIBIUTH ACOLIAI[IFO MiXK MiHOPHIM
renotuniom 77rena TOX3/LOCG643714 Ta NO3UTUBHUM
crarycom reHa BRCAI. He 3HaiiiIcHO CTaTUCTUYHOT
acouianii cepeJ; TOMO3UIOT 32 MAYKOPHUMH aJIesIMU Ta
rerepo3uror nojimop¢izmiB reniB FGFR2, TOX3/
LOC643714, 3 nasiBHicTIO a00 BIJICYTHICTIO MyTaIii
BRCA1/2 (p <0,05).

Kaw4yoBi ciaoBa: pak MOJIOYHOT 3371034, TCHECTUYHI
nionimopdizmu, myrauii BRCA1/2.
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Omnpenesienne acCOMUANMN HOCUTEIHCTBA
reHeTH4eCKHX MOJTUMOP(U3MOB ¢ MYTANMOHHBIM
€TaTycoM reHoB brcal/2 npu cHoOHTAaHHOM pake
MOJIOYHOI JKes1e3bl

C. W. Ionunslk, JI. A. Peiouenko, C. B. Kiimmenko,
JI. M. 3axapuesa, b. T. Knumyxk

[enasn. [Ipoanann3upoBars acCONMAIMIO HOCHTEIECTBA
TeHETHYCCKUX MouMopdusmoB reHoB FGEFR2, TOX3 /
LOC643714 ¢ MyTallmOHHBIM cTatycoM reHoB BRCA1 /2
y XKEHIIMH YKpanHbI, OOIBHBIX PAKOM MOJIOYHOM YKEJIe3bl,
HE UMEIOINX BIIMSIHNAS MOHU3UPYIOIIETO M3IIyUCHHS B
aHaMmHese. Metoabl. MoJeKyIsIpHO-T€HETUYECKUE METObI
nccnenoBanys. Hemapamerpuueckue JaHHbIE OLIEHUBAIIMCH
C MCTHONB30BaHNEM TOYHOTO TecTa Duiiepa B ABYCTOPOH-
HeM BapuaHTe. CTaTUCTUUSCKHUN aHaJIM3 ObLI IIPOBEJICH C
HCIIONIb30BaHNEM Iakera mporpammsel StatPlus Pro.
Pesyabrarel. Onpezenena acconnarisi HOCHTEIbCTBA I'e-
HeTndecKkrx noiaumopdmusmoB 152981582 rena FGFR2,
rs3803662 rena 70X3 / LOC643714 ¢ MyTallMOHHBIM
crarycom reHoB BRCA 1 / 2 sxeHimyH, 6omsHBIX PMOK, 6e3
HOHM3HPYIOIIETO 3TydeH s B aHaMHe3¢e. BbiBoabl. Cpenu
HUCCICAOBAHHBIX I'CHCTUYCCKHUX HOJ'II/IMOpq)I/ISMOB ObLIa
OOHapy’>KeHa aCCOLMAIMS MEX/Iy MUHOPHBIM T€HOTHIIOM
TTrena TOX3 / LOC643714 v IONOXHUTEIHFHBIM CTaTyCOM
reHa BRCAI. He HaiiieHO CTaTUCTUYECKON acCOIALUH
Cpe TOMO3UTOT TI0 MaYKOPHBIM JUICIISIM M TETEPO3UTOT
rormrMopdu3MoB TeHOB FGFR2, TOX3 / LOC643714, c
HaJIMYMEM MM OTCYTCTBHEM MyTatii BRCA1/2 (p < 0,05).

KiwueBble €JI0Ba: pak MOJIOYHOMH JKele3bl, FeHETH-
YecKue moauMophu3mMel, mytarwt BRCA1/2.
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