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CLINICAL SIGNIFICANCE OF BRCA1 GENE

SEQUENCING AND ITS PROMOTER METHYLATION
TESTING IN THE SEARCH STRATEGY FOR THERAPEUTIC
TARGETS IN BREAST CANCER TREATMENT

Background. Currently, there is a great interest in the genetic testing of BRCAI and BRCA2 due to the fact that for
patients with breast cancer (BC) with pathogenic variants of these genes, the use of the PARP inhibitors could be also
provided in addition to implemented treatment protocols. The aim of this study was to characterize the molecular
genetic structure of the BRCAI gene in BC patients without progenitor germline mutations taking into account the
methylation state of the promoter region. Materials and Methods. The study involved 210 patients with newly diag-
nosed BC. The most common germline pathogenic variants of the BRCA1 (185delAG, 5382insC, 4153delA, T300G)
and BRCA2 (6174delT) genes were identified in the peripheral blood. A subgroup of 14 patients without progenitor
pathological variants of the BRCA1 and BRCA2 genes and with a family history of cancer was randomly selected. For
them, BRCA1 gene sequencing by Sanger and hypermethylation of the BRCAI gene promoter region were analyzed.
Results. The following frequencies of BRCAI mutations were determined in the general group: 5382insC - 8.6%,
4153delA - 0.5%, T300G - 0.5%. The analysis of the BRCAI gene by Sanger sequencing revealed 11 BRCAI gene
variants in 10 out of 14 BC patients. All of them, according to the currently available data, were defined as “benign”
and not clinically relevant. The frequency of the detection of hypermethylation of the BRCA1 gene promoter region
in the randomly selected group of patients was 14.3%. Conclusions. In BC patients, not only common mutations but

Citation: Fishchuk L, Lobanova O, Rossokha Z, Cheshuk V, Vereshchako R, Vagyn Yu, Kashuba V, Vershyhora V,
Popova O, Levkovich N, Zemlianska O, Ievseienkova O, Podolska S, Gorovenko N. Clinical significance of BRCA1
gene sequencing and its promoter methylation testing in the search strategy for therapeutic targets in breast cancer
treatment. Exp Oncol. 2023; 45(2): 161-169. https://doi.org/10.15407/exp-oncology.2023.01.161

© Publisher PH «Akademperiodyka» of the NAS of Ukraine, 2023. This is an open access article under the CC
BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/4.0/)

ISSN 1812-9269. Experimental Oncology 45 (2). 2023 161



L. Fishchuk, O. Lobanova, Z. Rossokha, V. Cheshuk, R. Vereshchako, Yu. Vagyn, V. Kashuba, et al.

also the methylation status of the BRCAI gene promoter region in the peripheral blood should be determined. The
whole-genome sequencing of the BRCA1 gene may be the last step in determining the genetic characteristics of BC
patients carried out to optimize the treatment and improve survival thanks to the higher prevalence of the progenitor
mutations and hypermethylation of the BRCA1 gene promoter.

Keywords: breast cancer, BRCA1, BRCA2, 5382insC, sequencing, hypermethylation.

BRCA1 and BRCA2 are known tumor suppressor
genes. The pathogenic variants in these genes lead
to impaired repair processes and an increased
risk of developing cancer throughout life. These
pathological variants are characterized by a high
penetrance. In particular, the risk of developing
breast cancer (BC) before the age of 70 is 64.6%
for the carriers of the mutations in the BRCAI
gene and 61.0% for the carriers of the mutations
in the BRCA2 gene [1]. As a rule, the pathogenic
variants of the BRCAI and BRCA2 genes are de-
tected in the heterozygous state in the peripheral
blood, and cases with a combination of several
pathogenic variants in one patient are rare. There
are reports on familial cases of BC in Italy, in
which a combination of the pathogenic variants
was detected during a blood test in patients with
a significant family history of cancer [2 3].

The pathogenic variants of the BRCAI and
BRCA2 genes are divided into germline (inherited
and associated with an increase in the risk of can-
cer) and somatic (which can occur in the target
organs during the development of cancer). Most
often, the pathogenic variants of the BRCAI and
BRCA2 genes were detected in triple-negative
BC patients, so for a long time, the detection of
such variants was recommended only in cases of
a family history of cancer and in triple-negative
BC. However, over time, the number of criteria
for genetic testing of the BRCA 1 and BRCA2 gene
variants in BC patients has been expanded [4].
Therefore, testing for these variants has gone be-
yond the protocols for patients with triple-nega-
tive BC. Most protocols, as a rule, identify patho-
genic variants of the BRCAI and BRCA2 genes in
the blood and in the target organs determining
whether this variant is somatic or germline [4].
The great interest in genetic testing of BRCAI and
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BRCA?2 is caused by the fact that for patients with
pathogenic variants of these genes, in addition to
the implemented treatment protocols, the use of
PARP inhibitors is also provided [5].

In this regard, the study of the structure of the
BRCAI gene and its functional activity is of par-
ticular interest because the large rearrangements
ofthe gene [6] could disrupt its functional activity
in the same way, or even more, as the pathogenic
variants. In particular, the hypermethylation of
the BRCAI gene promoter region may be more
widespread compared to the frequency of most
common pathogenic variants of the BRCAI gene
as such [7]. As shown in previous studies, hyper-
methylation is not “tied” to the triple-negative
BC and is not detected more often in patients
with a family history of cancer, but at the same
time can be inherited [7, 8]. However, the clini-
cal attention to making a diagnosis and choosing
the optimal treatment protocol is focused on the
detection of germline mutations and the search
for the pathological variants of BRCA1I detected
by gene sequencing [4]. Less attention has been
paid to analyzing the prevalence of non-pat-
hological, especially other, including benign, va-
riants of the BRCA1 gene in BC patients without
progenitor germline mutations.

Therefore, the aim of this study was to char-
acterize the molecular genetic structure of the
BRCA1 gene in BC patients without progeni-
tor germline mutations taking into account the
methylation state of the promoter region.

Materials and Methods

The study involved 210 patients (mean age 47.8 +
+ 13.2 years) with newly diagnosed BC who
were treated at the Department of Oncology of
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the Bohomolets National Medical University at
the Kyiv City Clinical Oncology Centre. In ac-
cordance with clinical standards, all patients
underwent the histological examination of tu-
mor tissue and immunohistochemical analy-
sis of tumor samples. When taking anamnesis,
special attention was paid to the factors indica-
ting a possible hereditary nature of the disease,
and a family tree was drawn up. The peripheral
blood samples were taken for the molecular ge-
netic analysis.

The study was conducted in accordance with
the Declaration of Helsinki and was approved
by the Commission on Bioethical Expertise and
Research Ethics of Bogomolets National Medical
University (0120U100871). All patients provi-
ded their informed consent to participate in the
study.

Using the standard molecular genetic met-
hods (polymerase chain reaction and polymera-
se chain reaction with restriction analysis), the
most common germline pathogenic variants of
BRCAI (185delAG, 5382insC, 4153delA, T300G)
and BRCA2 (6174delT) genes were identified in
the peripheral blood of patients [7].

A subgroup of 14 patients without progeni-
tor pathological variants of the BRCAI and
BRCA2 genes and with a family history of cancer
(2—5 malignant neoplasms of the female rep-
roductive system in first- to third-degree rela-
tives) was randomly selected.

For the randomly selected subgroup of pa-
tients with no progenitor pathogenic variants
and family history, BRCAI gene sequencing
was performed in the peripheral blood samples
by Sanger using a 3130 Genetic Analyzer (App-
lied Biosystems, USA) at the Department of
Molecular Oncogenetics of the Institute of Mo-
lecular Biology and Genetics, NAS of Ukraine.
The Sanger sequencing data were reviewed us-
ing the software Chromas v.2.6.6. The genomic
alterations were identified by alignment to the
reference genome GRCh38 (hg38). In addition,
the hypermethylation of the BRCAI gene pro-
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moter region was determined in patients of this
subgroup, for which the bisulfide conversion of
DNA isolated from peripheral blood and met-
hyl-specific polymerase chain reaction were per-
formed [9].

Results

In the total group of patients diagnosed with
breast cancer (n = 210), the pathogenic BRCA1
variants included in the “standard” diagnostic
panels were detected in 20 (9.5%) women (Ta-
ble 1). It was found that the most common patho-
genic variant of the BRCAI gene was 5382insC.
Its prevalence was 8.6%, i.e. it was detected in
approximately 1 of 12 BC patients. The frequen-
cy of detecting two other pathogenic variants
T300G and 4153delA was extremely low.

The analysis of the BRCA1 gene by Sanger se-
quencing revealed 11 BRCA1 gene variants in 10
out of 14 BC patients. The characteristics of the
identified BRCAI gene variants and their fre-
quency of occurrence are shown in Table 2.

As seen in Table 2 the identified variants, ac-
cording to the data available to date, are defined
as “benign” and not clinically relevant.

Table 3 shows the clinical and molecular ge-
netic characteristics of the randomly selected BC
patients.

Table 1. Prevalence of the most common
BRCA1 and BRCA2 gene mutations
in the group of BC patients

Number F
Pathogenic | of patients with requency
Gene . . of pathogenic
variant pathogenic .
. variant
variant
BRCA1 | 185delAG 0 0
BRCA1I 5382insC 18 8.6%
BRCAI 4153delA 1 0.5%
BRCAI T300G 1 0.5%
BRCA2 | 6174delT 0 0
Total 20 9.5%
163
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As shown in Table 3 no BRCAI gene variants
were detected in 4 patients; in one patient, a he-
terozygous genotype for the ¢.1067A>G variant
was determined; the remaining 9 patients had
combinations of genotypes for various non-
pathogenic variants. 6 out of 14 (42.3%) patients
had triple-negative BC, and the combinations
of the benign BRCAI gene variants detected in
4 of them covered exons 11, 13, and 17 and in
2 — non-coding introns 7 and 18. One of the
patients with triple-negative BC had hypermet-
hylation of the BRCAI promoter in addition to
the combination of the benign gene variants.
Among the other 8 out of 14 (57.1%) patients
with estrogen receptor-positive BC, two patients
had no mutations and no BRCAI promoter hy-
permethylation. The combination of the benign
gene variants, like in the case of triple-negative

BC, was detected in exons 11, 13, 17, and in the
non-coding intron 18 of the BRCAI gene, and
hypermethylation of the gene promoter was also
detected in one of the patients. Both cases of
hypermethylation of the BRCAI promoter we-
re detected in patients with a combination of
benign gene variants in exons 11, 13, 17 and in
the non-coding intron 18 of the BRCAI gene. In
general, the frequency of detection of hypermet-
hylation of the BRCAI gene promoter region
in the randomly selected group of patients was
14.3%.

Discussion

BC is one of the most common cancers in
women, and its incidence is steadily increas-
ing worldwide. Over the past few decades, new

Table 2. Characteristics and frequency of the identified BRCA1 gene variants

Clinical importance Number

No fxon/ HGVS cDNA AbSNP Am;lno acid ML;talZon of patients

ntron change yp BIC ClinVar (genotype),
n, %

1 In7 c.442-34C>T rs799923 Non-coding Intronic No Benign 1(CT)7.1
2 | Exll c.1067A>G rs1799950 | p.Gln356Arg | Missense | Unknown | Benign | 2 (AG) 14.3
3 | Exll c.2077G>A rs4986850 | p.Asp693Asn | Missense No Benign | 3(GA)21.4
4 | Exl1 c.2082C>T rs1799949 | p.Ser694Ser Synony- No Benign | 4 (CT)28.6
mous 5(TT) 35.7
5 | Ex11 c2311T>C rs16940 p.Leu771Leu Synony- No Benign | 4 (TC) 28.6
mous 4 (CC) 28.6
6 | Exll c.2612C>T rs799917 | p.Pro871Leu | Missense No Benign | 2(TC) 14.3
4 (TT) 28.6
7 | Exl11 c.3113A>G rs16941 | p.Glul038Gly | Missense No Benign | 4 (AG)28.6
5 (GG) 35.7
8 | ExIl | ¢.3548A>G rs16942 | p.Lys1183Arg | Missense No Benign | 4 (AG) 28.6
5(GG) 35.7
9 | ExI3 c.4308T>C rs1060915 | p.Ser1436Ser Synony- No Benign | 3 (TC)21.4
mous 5(CC) 35.7
10 | Ex17 | c4837A>G rs1799966 | p.Serl613Gly | Missense No Benign | 4 (AG) 28.6
5 (GG) 35.7
11 | In18 | c.5152+66G>A | rs3092994 | Non-coding Intronic No Benign | 5(GA) 35.7
4 (AA) 286
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approaches have been proposed to identify
risk groups for the purpose of timely diagnosis
and the selection of effective treatment regi-
mens. The description of the hereditary tumor
syndromes has made it possible to distinguish
between sporadic, familial, and hereditary forms
of BC, which differ significantly. In particular,
the hereditary BC is characterized by young age
of onset, a high risk of developing reproductive
tumors in first-degree relatives, a high risk of de-
veloping tumors after hormonal contraception,
in vitro fertilization and hormone replacement
therapy, a very high incidence of triple-negative
BC (ER-, PR-, HER-2/neu-), which is a marker
of the unfavorable disease outcome, the diffe-
rences in the extent of the surgery, the effecti-
veness of different treatment regimens, etc.

The discovery of the BRCAI and BRCA2
genes in 1994-1995 allowed us to confirm the
association of mutations in these genes with the
occurrence of about 30% of familial cancer ca-
ses. As already mentioned, the BRCA1and BRCA2
genes are highly penetrant suppressor genes
with autosomal dominant inheritance within
the same family. The BRCA I gene (OMIM*113705)
is located on chromosome 17q12-21, has 24 exons,
and is 110 kb in length. The BRCA1 protein is in-
volved in numerous cellular processes such as cell
cycle control, transcription, DNA damage repair,
protein ubiquitination, etc.

Numerous population-based studies have
identified a “founder effect” for some mutations.
For example, the 185delAG and 5382insC mu-
tations in the BRCAI gene and the 6174delT
mutation in the BRCA2 gene are found with an
increased frequency among Ashkenazi Jews. In
this population group, those three mutations
account for more than 90% of all mutations
detected in the BRCAI/2 genes [10]. In Italy,
in the region of Tuscany, more than 73% of all
detected mutations in the BRCAI gene are the
3347delAG, 3404delA, 1499insA, and 5181del-
GTT mutations [11]. More than 68% of all de-
tected mutations in one of the regions of Nor-
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way are 1675delA, 3347delAG, 816delGT, and
1135insA mutations in the BRCAI gene [12]. In
this study and in previous studies, we have found
that the most common mutation among BC pa-
tients in Ukraine is 5382insC in the BRCAI
gene, which is a progenitor, and other progeni-
tor pathogenic variants are rarely detected. In
this study, T300G and 4153delA were detected
in BC patients with the same frequency of 0.5%.
According to the Ukrainian researchers, the pro-
genitor mutations in BC patients in Ukraine oc-
cur with a frequency of 3.8% to 13%, which was
noted in our previous work [7, 13].

As for the BRCAI gene sequencing results,
we identified only benign (at the time of the
study) variants. No pathogenic and/or clini-
cally significant variants were identified. How-
ever, it should be noted that in 10 out of 14 pa-
tients, the above-mentioned benign variants of
the BRCAI gene were identified in three exons
and two non-coding introns, like in the case of
triple-negative and estrogen-progesterone- posi-
tive cancers. This raises a question of how the
combination of several benign variants can affect
the functional activity of the gene. It is known
that exon 11 of BRCA1 is a large central exon and
it represents 60% of the coding sequence [14].
This exon encodes protein signals that are neces-
sary for nuclear localization of the gene product
and therefore is considered relevant to cell cycle
control and DNA damage repair [15]. Exon 11 is
alternatively spliced in most cell and tissue types,
including normal and BC cells, and across cell-
cycle phases [15]. Ruiz de Garibay et al. [15] after
a thorough study of the genetic and molecular
factors that affect exon 11 splicing recognized
that the unidentified variants and elements of
the BRCAI gene might cooperate to determine
exon 11 inclusion/exclusion and/or isoforms.
Thus, the benign gene variants that we identified,
due to their combination and exon damage, may
be of important functional significance.

The hypermethylation of the BRCAI gene pro-
moter region in BC was first reported in 1997 [16].

ISSN 1812-9269. Experimental Oncology 45 (2). 2023
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Later, it was shown that the hypermethylation of
CpG sites near the BRCA1 transcription start site
was associated with a decrease in mRNA and
protein [17]. As for the frequency of the hyper-
methylation of the BRCAI gene promoter among
women with BC, it differs in various parts of the
world. The frequency of the hypermethylation of
the BRCA1 gene promoter region determined in
our study (14.3%) is close to the frequency among
BC patients in Europe (18.8%), and does not dif-
fer significantly from the frequency of the hyper-
methylation in the peripheral blood of Ukrainian
patients described in a previous study [7].

The clinical protocols of genetic diagnosing
recommended for BC patients have not yet regu-
lated the detection of hypermethylation and its
use as a target, although the hypermethylation
of the BRCA1 promoter, as well as mutations of
this gene, equally affects the intracellular repair
processes [18, 19]. In addition, it is clear that the
same targeted therapy can be used for promoter
hypermethylation as for pathogenic variants of
the BRCA1 gene [20].

Basing on our and other studies [21], we con-
sider that it is necessary to discuss the issue of
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KJITHIYHE SHAYEHHA CEKBEHYBAHHA I'EHA BRCA1I
TA TECTYBAHHS METMJIIOBAHHS 1OTO ITIPOMOTOPA
B CTPATETTI IOIIYKY TEPAIIEBTUYHMX LIIEN

Y IIKYBAHHI PAKY MOJIOYHOI 3AJ1031

Ha cporopHimHiit feHb icHye Benukuii iHTepec 1o reHeTn4HOro TecTyBanHsa BRCAI ta BRCA, BUK/INKaHUI THM,
IO I/Is1 TAL{iEHTOK i3 pakoM Momo4Hol 3a7m03u (PM3) 3 maToreHHMMM BapiaHTaMM I[UX TeHiB, OKpiM BIIpOBajpKe-
HUIX IIPOTOKOJIIB /IiKyBaHHsI, TepenbadaeTbes i 3actocyBanus PARp-inribiTopis. Tomy MeTor0 fanoi po6oTu crana
MOJIEKY/IAPHO-TeHeTUYHA XapaKTepucTuka cTpykrypu rena BRCAI y nmanienTok 3 PM3 Ta BigcyTHiMM IporeHi-
TOPHMMM T€PMiHATMBHMMI MYTalliAM) 3 ypaXyBaHHAM CTaHy MeTMIyBaHHA IPOMOTOPHOI fiNAHKU. MaTepiammn
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Ta MeTopu: B mocmimkenHi npuiiMano ydactb 210 manieHTok 3 ynepure piarHocroBaHuM PM3. ¥V nepudepiitHii
KPOBi IAI[iEHTOK BM3HAYANMM HAOINbII MOMNpPeH] repMiHaTuBHI maToreHHi BapiaHTi reniB BRCAI (185delAG,
5382insC, 4153delA, T300G) ta BRCA2 (6174delT). Cepen maii€eHToK, y AKUX He 6y/I0 BUSBIEHO IPOreHITOPHMX
naronoriyHux BapiaHTiB rexiB BRCAI Ta BRCA2 ta siKi Manu OHKOMOTI4HO OOTsDKeHMIT ciMeliHuil aHaMHes, 6y710
paHZoMHO o6paHo Hiarpyny is 14 marieHTok. s HUX IpoBefeHO cekBeHyBaHHs reHa BRCAI y 3paskax mepu-
¢epirtHoi kposi 3a CeHrepoM Ta BU3HA4YeHHs rillepMeTWIYBaHHA IIPOMOTOPHOI AinAHKM reHa BRCAI. Pesynbra-
TI: B 3arajipHiil rpymi DalieHTOK BM3HAYeHO HacTynHi Myranii rena BRCAI: 5382insC - 8.6%, 4153delA - 0.5%,
T300G - 0.5%. Ananis rena BRCAI metofom cukseHcy 3a Cenrepom 103BoyB BusABKTH 11 BapianTis rera BRCAI
y 10 3 14 manientox 3 PM3 — yci BoHU, 3TiZHO 3 HAsIBHUMIL Ha CbOTOJHI JAHMMU, BU3HAUYEH] SIK “HoOposiKicHi” Ta
TaKi, 10 He MAKOTh K/IiHiYHOI 3HauymoCTi. YacToTa BUABIEHH Till€PMETUIIOBAHHA IPOMOTOPHOIL JiUIAHKM TeHa
BRCA1I y panpoMHO 06paHiit rpymi maijieHTok craHomna 14,3%. BucHoBkm: OTpuMaHi pesy/IbTaTi BKasyloTh Ha
Te, 10 B ManieHTOK 3 PM3 B mepudepnyHiit KpoBi c/1ifi IpOBOAUTH He TiMbKM BU3HAYEHHS MMOLIMPEHNX MyTaLiit,
aje i CTaTyC MeTU/II0BaHHA IPOMOTOPHOI inAHKM reHa BRCA 1. IloBHOreHOMHe cekBeHyBaHH:A reHa BRCA1 moxe
CTaTy OCTaHHIM €TaroM y BUSHa4eHHi TeHeTMYHOI XapaKTepPUCTUKM NallieHTiB 3 PM3, sAKa 3ilicHIOETbCA 171 ONTH-
Misaril TiKyBaHHs Ta MOKPAIeHHs BYDKMBAHHS, y 3B 513Ky 3 Oi/BIIOI0 MONIVMPEHICTIO IPOTeHITOPHIX MyTawil Ta
rinepMeTmIyBaHH:A npoMoTopy BRCAL.

KnrouoBi cmoBa: pak MmonouHoi 3aimo3u, BRCAI, BRCA2, 5382insC, cekBeHyBaHHs, TillepMeTU/TIOBAaHHA
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