Experimental
Exp Oncol 2021

43,1, 56-60 N COLOGY

PREVALENCE OF BRCA1 AND BRCA2 GENES PROMOTER
HYPERMETHYLATION IN BREAST CANCER TISSUE

O.E. Lobanova’, Z.1. Rossokha*", N.L. Medvedieva’, V.E. Cheshuk’, R.1. Vereshchako’,
V.O. Vershyhora?, L.Ye. Fishchuk?, L.M. Zakhartseva', N.G. Gorovenko’
'Bogomolets National Medical University, Kyiv 03115, Ukraine
2State Institution “Reference Centre for Molecular Diagnostic of Public Health Ministry of Ukraine”, Kyiv
04112, Ukraine
3Shupyk National Medical Academy of Postgraduate Education, Kyiv 04112, Ukraine

Background: Recent advances in the treatment of breast cancer (BC) have been related to the personalization of therapy. The
methylation status of the promoter regions of tumor suppressor genes such as BRCAI and BRCA?2 is supposed to be useful
as a prognostic factor in BC patients. Aim: To investigate the frequency of hypermethylation in the promoter regions of BRCA1 and
BRCA?2 genes in tumor tissue of BC patients, and the relation of hypermethylation to the clinical course of the disease. Materials
and Methods: Molecular genetic studies were performed on 50 BC tissue samples in order to determine the methylation status
of the promoter regions of the BRCAI and BRCAZ2 genes. Results: Hypermethylation of the BRCA1 promoter region was detected
in 34% of BC cases, hypermethylation of the BRCA2 promoter region — in 50% of cases, and hypermethylation of the promoter
region of both genes — in 20% of cases. A significant increase in the incidence of hypermethylation of the BRCA2 promoter region
was found in the group of patients older than 56 years, mainly in patients with triple-negative breast cancer and without family
history of BC. Conclusions: The high frequency of hypermethylation in the promoter regions of BRCAI and BRCA2 genes, as well

as their co-methylation in tumor tissue of BC patients has been detected.
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DNA methylation is a significant cancer risk marker,
including breast, ovary, liver and colon cancer [1].
Aberrant methylation, including gene-specific DNA hy-
permethylation and global genomic hypomethylation,
can lead to genomic instability, altered gene transcrip-
tion, and increased mutation rates, which can affect
normal cell growth and increase the likelihood of tumor
growth [2, 3]. All types of environmental factors, from
pesticides and pollutants to diet, exercise, smoking
and alcohol, can change the status of DNA methyla-
tion [4]. It can cause long-lasting consequences that
will persist for decades and exacerbate genetic insta-
bility. Some long-term changes in methylation status
can be inherited [5]. Gene expression is reduced
or absentin a case of DNA hypermethylation and may
not be restored even with therapeutic measures [6].

In some diagnostic studies, only triple-negative
breast cancer (TNBC) cases or cases of ovarian can-
cer (OC) after BRCA1 and BRCA2 mutation testing
were selected for the analysis of methylation. In such
setting, promoter hypermethylation of BRCA1 gene
in OC patients was found with frequency from 10%
to 53% [7, 8].

Determining the methylation status of promoter
sites of tumor suppressor genes, such as BRCA1 and
BRCAZ2, is currently used to select treatment strategies
in patients with OC and breast cancer (BC) [9-17].
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Taking into account that targeted treatment strate-
gies are currently being used in BC patients with hyper-
methylated promoter of BRCA1 and BRCAZ2 genes [ 10,
13, 16], itisimportant to conduct the methylation study
in combination with other standard tests. In addition,
the determination of the methylation status of the
BRCA1 and BRCAZ2 promoter regions could be used
as a prognostic marker of the response to cancer
therapy.

The aim of our study was to investigate the frequen-
cy of hypermethylation of the promoter regions of the
BRCA1 and BRCAZ2 genes in tumor tissue in women
with BC and the relation of such hypermethylation
to the clinical course of the disease.

MATERIALS AND METHODS

A prospective study design was used. The study
included 50 female patients (mean age 54.2 +
13.2 years) with BC, who were treated at the clinical
base of the Oncology Department of Bogomolets
National Medical University in Kyiv City Clinical Oncol-
ogy Center. The clinical data, i.e. age, family history
of cancer, stage of the disease, histological tumor
type, status of regional lymph nodes, tumor grade, and
immunohistochemical features of tumor (expression
of estrogen and progesterone receptors (ER and PR)
and proliferative marker Ki-67) as well as radiological
imaging were assessed. Treatment options correspond
to the National and International Standards [18-20].
Chemotherapy (taxane/anthracycline or platinum
based), targeted therapy (trastuzumab), hormonal
therapy were performed depending on the tumor
pathology and immunohistochemical phenotype. The
study was authorized by the Commission on Bioethical
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Expertise and Research Ethics of Bogomolets National
Medical University (0120U100871).

Hypermethylation in the promoter regions
of the BRCA1 (chromosome 17, NC_000017.11) and
BRCAZ2 (chromosome 13, NC_000013.11) genes was
analyzed using the molecular genetic method. For
BRCAT1 gene: the sense primer of the unmethylated
reaction began at 1536 base pairs (bp), and the sense
primer of the methylated reaction — at 1543 bp from
GenBank sequence U37574; for BRCAZ2 gene: the
sense primer of the unmethylated reaction began
at 54589 bp, and the sense primer of the methylated
reaction — at 54665 bp from GenBank sequence
Z74739.

The material for the study was tumor tissue col-
lected during surgical treatment of the BC patients and
stored using the DNA/RNA Shield (Zymo Research,
USA). DNAisolation from tumor tissue was performed
with the Quick-DNA Miniprep Plus Kit (Zymo Research,
USA). A commercial EZ DNA Methylation-Gold Kit
(Zymo Research, USA) was used for the bisulfide
conversion of the isolated DNA.

Allele-specific PCR was performed using ZymoTaq
PreMix (Zymo Research, USA) and specific primers
(Metabion, Germany) in a FlexCycler BU amplifier
(Analytik Jena GmbH, Germany) [12, 21]. The prod-
ucts were analyzed by agarose gel electrophoresis
(agarose CSL-AG500, Cleaver Scientific Ltd, United
Kingdom) according to the presence or absence
of amplification of fragments of methylated DNA (Met)
and unmethylated DNA (UnMet). Electrophoregrams
of BRCA1 gene amplification products (Fig. 1) and
BRCAZ2 (Fig. 2) were visualized in the Micro DOC
System with UV Transilluminator Clear View (Cleaver
Scientific Ltd, United Kingdom).

The amplification products of each sample with
methylated and unmethylated primers were added
toindividual wells of agarose gel and, depending on the
presence or absence of amplicon, the state of the al-
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lele was determined. In Figures and onwards in the text
UnMet DNA is indicated for convenience U, and Met
DNA — M. Hypermethylation in the promoter region
of the BRCA1 and BRCAZ genes was detected in the
examined tumor tissues in a heterozygous state —
one allele of the studied gene was hypermethylated
in samples 3, 5, 6, 7, 9 (see Fig. 1) and in samples 2,
3,4, 6,9 (seeFig. 2).

Statistical processing was performed using stan-
dard packages of Microsoft Excel 2010. Significance
of differences was determined using x? criterion with
Yates correction and Irwin-Fisher test (significance
level of p < 0.05).

RESULTS AND DISCUSSION

Hypermethylation of the promoter region
of BRCA1 gene inthe heterozygous state (Met/UnMet
BRCA1 gene) was detected in 17 (34%) tumor tissue
samples, and in the promoter region of BRCA2 gene
(Met/UnMet BRCAZ2 gene) — in 25 (50%) samples
of tumor tissues. The frequency of the co-methylation
detection in the sample Met/UnMet BRCA1 gene and
Met/UnMet BRCAZ2 gene was 20% (Table 1). Hyper-
methylation of BRCA1 and BRCAZ2 genes was not
detected in 18 (36%) samples.

The results of our study coincided with the re-
sults obtained by Joosse et al. [22] who reported
34% frequency of methylation of the BRCAT pro-
moter region in samples of basal-like BC. In contrary,
Tabano et al. [23] found low level of methylation
of the BRCA1 promoter (4.3%) in the peripheral blood
of women with BC and/or OC suggesting that such
assay in peripheral blood samples seems to be less
effective than directly in samples of tumor tissue.

We evaluated the relationship of the hypermethyl-
ation of BRCA1 and BRCAZ2 genesin tumor tissues with
the main clinical features of the examined BC patients
(Table 2).

The mean age of patients with Met/UnMet
BRCAT gene (53.9 £ 13.2) was lower than that of pa-
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Fig. 1. Electrophoregram of Met and UnMet DNA amplification products in the promoter region of the BRCA1 gene. Samples N2 1,
2,4, 8 — UnMet/UnMet, samples N2 3, 5, 6, 7, 9 — Met/UnMet. Marker — molecular weight marker GeneRuler 50bp DNA Ladder

(Thermo Scientific, USA)
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Fig. 2. Electrophoregram of Met and UnMet DNA amplification products in the promoter region of the BRCA2 gene. Samples N2 1,
5,7, 8 — UnMet/UnMet, samples N2 2, 3, 4, 6, 9 — Met/UnMet. Marker — molecular weight marker GeneRuler 50bp DNA Ladder

(Thermo Scientific, USA)
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Table 1. Frequency of co-metylation of the promoter region of BRCA1 and
BRCA2 genes in BC patients

Co-methylation/genes BRCA2 MU BRCA2 UU
BRCA1 MU 10 (20%) 7 (14%)
BRCA1UU 15 (30%) 18 (36%)

tients with Met/UnMet BRCAZ2 gene (57.1 = 11.8).
In the age group over 56 years old, there was an in-
crease in the proportion of people with Met/UnMet
BRCAT1 gene compared to younger patients, and the
number of patients with Met/UnMet BRCAZ2 gene
was significantly increased in BC patients in the age
group over 56 years old compared with age group <
55 years (p < 0.05). French researchers also found
anincrease in the incidence of hypermethylation in el-
derly patients [24], we found the same feature for the
RUNX3 gene in BC patients [25].

It is known that the status of gene methylation
changes with age, and the frequency of hypermethyl-
ationincreases [26]. Suchincreased hypermethylation
was found in both BRCA1 and BRCAZ2 genes in older
BC patients compared to the younger age group (sig-
nificant for BRCA2 gene but insignificant for BRCAT).

The highestincidence of BCis observed at the age
of 40-45 and 50-55 years, and in Ukraine the BC in-
cidence and related mortality increases in 50-55 year
oldwomen [27]. Therefore, the study of hypermethyl-
ation of the BRCAZ2 promoter in Ukrainian BC patients
can be considered important from the point of search
for potential therapeutic targets.

The incidence of Met/UnMet BRCAZ2 gene
in BC patients not treated with neoadjuvant therapy
was slightly higher compared with BC patients who
received neoadjuvant therapy, while the frequency
of Met/UnMet BRCAT in the former group was insigni-

ficantly lower than in the latter. Met/UnMet BRCA 1 and
BRCAZ2 genes were recorded in patients treated with
taxanes as well as in patients treated with platinum
based neoadjuvant therapy. Re-assessment of the
methylation status in BC patients could be useful
to establish the effectiveness of neoadjuvant therapy.

We have analyzed the relation between fam-
ily history of cancer in relatives of the I-Il order and
the methylation status of BRCA1 and BRCAZ2 genes
in BC tissue. Our data showed that in patients with
family history of BC, the promoter region of the
BRCAZ2 gene had higher frequency of methylation
(47.8% cases) compared to the BRCA1 gene (26.1%
cases). Bosviel et al. [24, 28] showed, in contrary,
a tendency for higher hypermethylation of the
BRCA1 promoter (47.1%) and lower — of BRCAZ2 pro-
moter (16.9%) in the blood of patients with sporadic
BC. In our study, Met/UnMet BRCAT gene and Met/
UnMet BRCAZ2 gene was detectedin47.1% and 51.9%
patients with sporadic BC. The frequency of Met/
UnMet BRCAZ2 gene was almost the same in patients
with sporadic or hereditary BC.

The study included patients in both the early stage
of the disease (T1-2NOMO) and the advanced stage
(T1-8N1-3MO0-1).We have revealed a higher methyla-
tion status of the promoter region of the BRCA2 gene
compared to the BRCAT gene in patients in the early
stages of the disease. Hypermethylation of the pro-
moter regions of the BRCA1 and BRCAZ genes was not
associated with the levels of ER, PR and Ki-67 expres-
sion in contrast to the study by Vos et al. [29] where
methylation of the BRCA1 and BRCAZ2 promoters with
a high frequency was found in high grade, ER- and

Table 2. Basic clinical features of patients with breast cancer depending on the methylation status of the BRCA1 and BRCAZ2 genes

BRCA1 Methylation

BRCA2 Methylation

MU uu MU uu

n % n % n % n %
Number of samples 17 34 33 66 25 50 25 50
Age (years)
Median 53.9£13.2 54.4 +13.4 57.1 £ 11.8* 51.4 + 14.1
up to 55 7 29.2 17 70.8 8 33.3 16 66.7
over 56 10 38.5 16 61.5 17* 65.4 9 34.6
Grade
T1-2NOMO 9 34.6 17 65.4 14 53.8 12 46.2
T1-3N1-3M0-1 8 33.3 16 66.7 1 45.8 13 54.2
Tumor type
Ductal 14 341 27 65.9 22 53.7 19 46.3
Other 4 44.4 5 55.6 3 33.3 6 66.7
ER
Positive 13 76.5 23 74.2 17 70.8 20 83.3
Negative 4 23.5 8 25.8 7 29.2 4 16.7
PR
Positive 1 64.7 21 67.7 14 58.33 18 75
Negative 6 35.3 10 323 10 41.66 6 25
HER2/neu
Positive 4 23.5 5 16.1 6 25 3 12.5
Negative 13 76.5 26 83.9 18 75 21 87.5
Hereditary
Burdened 6 26.1 17 73.9 1 47.8 12 52.2
Not burdened 1 40.7 16 59.3 14 51.9 13 48.1
Group
TNBC 4 36.4 7 63.6 7 63.6 4 36.4
LBC 13 33.3 26 66.7 18 46.2 21 53.8
Neoadjuvant therapy
With NAT 6 31.5 10 62.5 5 31.3 1 68.8
Without NAT 1 32.4 23 67.6 20 58.8 14 41.2
Taxane/anthracycline based NAT 5 Mn.7 7 58.3 4 33.3 8 66.7
Platinum based NAT 1 25 3 75 1 25 3 75

Note: *The difference is significant between MU and UU (p < 0.05); between age groups < 55 and > 56 (p < 0.05).
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PR-negative tumors. In our study, the methylation
status of the promoter regions of the BRCA1 and
BRCAZ2 genes was determined in patients with differ-
entreceptor status. This approach is more informative
because in this case hypermethylation is detected
in the case of positive receptor status as in the work
of Tabano et al. [23].

According to Staafetal. [15],in 67% of TNBC cases
germinal and somatic mutations in the BRCA1 and
BRCAZ2 genes as well as hypermethylation of the
BRCA1 promoter. In our study, the proportion of TNBC
was 22%, which corresponded to the average TNBC
frequency (10-20%) [21]. Analysis of the methyla-
tion status depending on the molecular type of tumor
(TNBC or luminal breast cancer — LBC) in the main
age groups (Fig. 3) showed an increased frequency
of hypermethylated BRCAT promoter in patients
with TNBC from the age group < 55 years, and pa-
tients with LBC > 56 years. The increased frequency
of hypermethylated BRCAZ2 promoter was registered
in both TNBC and LBC patients from the age group
over 56 years.

TNBC is more often detected among the cases
of hereditary BC, so accounting for the family history
of cancer can indirectly assess the transfer of the
hypermethylation status of the studied genes. The
incidence of hypermethylation of the BRCA1 promoter
in patients with TNBC with family cancer history was
insignificantly higher compared with patients with
sporadic tumors (Fig. 4). The opposite trend was
found in patients with LBC. Hypermethylation of the
BRCAZ2 promoter was the highest in patients with
TNBC and without family history of cancer.

The results indicated an absence of associa-
tion of BRCA1 hypermethylation with TNBC, which
confirms the data of Watanabe et al. [30]. However,
we found an increasing frequency of BRCAZ2 promoter
hypermethylation in patients older than 56 years with
sporadic TNBC.

No significant difference in disease free survival
and overall survival (OS) (96 vs 92%; 98 vs 100%) could
be demonstrated between groups with hypermethyl-
ation of BRCA1 and hypermethylation of BRCAZ2 un-
der follow-up 25 months. Locally advanced forms
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Fig. 3. Distribution of hypermethylation of BRCA1 and
BRCAZ gene promoters in patients with TNBC and LBC cancer
by age: MU — hypermethylation of the promoter region of gene
in the heterozygous state, UU — unmethylated status of the
promoter region of gene
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Fig. 4. Distribution of hypermethylation of BRCA7 and
BRCAZ2 gene promoters in patients with TNBC and LBC depend-
ing on family history: MU — hypermethylation of the promoter
region of gene in the heterozygous state, UU — unmethylated
status of the promoter region of gene

of BC were found in most patients with disease pro-
gression, and only one patient with disease progres-
sion during the first year after treatment was with early
stage BC and hypermethylation of both BRCA1 and
BRCA2 genes. TNBC was detected in 50% patients
with disease progression. We found a tendency for
increased progression of the disease dependent
on hypermethylation of the promoter region of BRCAZ.
Other researchers have established this earlier [31].

In conclusion, we detected no significant as-
sociation of hypermethylation of the BRCAT and
BRCAZ2 promoter regions with the family history
of cancer, expression levels of Ki-67, ER or PR. We de-
termined hypermethylation of the BRCA 1 promoter re-
gionin 34%, hypermethylation of the BRCA2 promoter
region in 50%, and hypermethylation of the promoter
region of both genes in 20% of BC cases. We found
out a significant increase in the incidence of hyper-
methylation of the BRCA2 promoter region in the age
group over 56 years old, mainly in patients with TNBC
and sporadic tumors. The high prevalence of hyper-
methylation of BRCA1 and BRCAZ2 and co-methylation
in tumor tissue indicates the need for further analysis
to assess the diagnostic and prognostic value of these
genetic markers for patients with BC.
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MNOLWWPEHICTb NITNEPMETUNTYBAHHSA
NMPOMOTOPHOI AINNSHKU FEHIB BRCA1 TA
BRCAZ2 B TKAHUHI PAKY MOJIOYHOT 3A1I03M1
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CraH nutaHHA: OCTaHHI JOCSArHEHHS B NiKyBaHHI paky MOMOYHOT
3ano03u (PM3) noB’a3aHi 3 nepcoHanizadjeto Teparnii. BeaxaroThb,
L0 CTaTyC METUITYBaHHS MPOMOTOPHMX AiIIHOK FEHiB-Cynpeco-
piB nyxnuH, Taknx sik BRCA1 ta BRCA2, moxe 6yt iHdopma-
TUBHUM $IK MPOrHOCTUYHUI (akTop y xBopux Ha PM3. Mera:
OuiHnT HacToTy riNnepMeTUyBaHHs MPOMOTOPHUX OiNSHOK
reHisB BRCA1 1a BRCA2 B Nyx/IMHHI TKaHWHI xBopux Ha PM3,
a TakoX 3B’A30K rinepmMeTunyBaHHs 3 KiiHiYHUM nepebirom 3a-
XBOPIOBaHHs. Marepiann Ta metogu: Y 50 3paskax nyxsMHHOI
TKaHVHW MOJIOYHOI 3a503M MPOBENN MOJEKYNSPHO-TEHETUYHI
LOCNIOKEHHS 3 METOIO BU3HAYEHHS CTaTyCy METUITYBaHHS NPO-
MOTOPHUX AinsHoK reHieB BRCAT ta BRCAZ2. Pesynbtatu: Ti-
nepmMeTuyBaHHs MPOMOTOPHOI AinsiHku reHa BRCAT 6yno Bu-
aBneHo B 34% Bunaakis PM3, rinepMmeTunyBaHHs NPOMOTOPHOI
ninaHkn reHa BRCA2 — y 50% Bunagakis, a rinepMeTunyBaHHsS
NPOMOTOPHMX AiNsiHOK 060X reHiB — y 20% Bunaakis. 3HayHe
MiOBVILLIEHHSA YaCTOTWU FiNepMeTUIlyBaHHA NMPOMOTOPHOI AinsH-
k1 reHa BRCA2 6yno BUSIBNIEHO B rpyri XBOPUX BiKOM CTapLue
56 pokiB, B OCHOBHOMY Y XBOPUX 3 Tpu4i HeraTneHuMm PM3 Ta
6e3 06TsKEeHOro ciMerHoro aHamHesy PM3. BucHoBku: Busis-
JIEHO BUCOKY HYacTOTy rinepMeTUIyBaHHSA MPOMOTOPHMX SifITHOK
reHiB BRCA1 1a BRCAZ2, a TakoX iX KOMETWUNYBaHHS B MyXJIHHIl
TKaHWHi XBOpux Ha PM3.

KnoyoBi cnoBa: pak MONO4YHOI 3an103u1, MPOMOTOP, rinepmMe-
TunyBaHHs, BRCA1, BRCA2.



