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AHHOTauuA

Llenb nccneaoBaHusi — OLEHNTbL YAcTOTY BCTPEYAEMOCTHM NaTtoreHHbIX myTauun B BRCA1 reHe y XXeHLWnH
C pakoM MOFOYHOW xenesbl, Npoxusalwmx B Poccun. Matepuan n metoabl. [TpoBeaéH aHanv3 nonHom
kogupytowen yactm reHa BRCA1 y 445 GonbHbIX pakoM MOMOYHON Xenesbl Ha paHHewn ctagmu (Bo3pacT
6onbHbIX 00 40 net), npoxmBatoLmx B HoBocnbupckon obnactu (Poccus), ¢ NOMOLLbIO MeToAa TapreTHOro
cekBeHMpoBaHus Ha nnartdgopme lon Torrent. Pesynbrathl. BeisiBneHo 40 (9 %) HOcUMTENbHUL, pasnnyHbIX
natoreHHbix myTauuin. Y 35 (7,9 %) naumeHTok obHapyxeHa MyTtaums 5382insC, onucaHHas paHee Kak
«MyTauus-ocHoBaTens» B criaBaHckow nonynaumn. Y 5 (1,1 %) naumeHTok 6binu BbISBNEHbI Apyrue pasnmy-
Hbl€ NMaToreHHble MyTaumm, a uMeHHo C61G, 462delCC, E143X, 4153delAn IVS18 + 1G> T. Kpome Toro, 29
reHETUYECKMX BAPUAHTOB C OTCYTCTBYHOLLEN UMM HESICHON KIMMHUYECKOW 3HAYMMOCTBIO Obinv 0BGHapyXeHbl
B reHe BRCA1 y 445 GonbHbIX pakoM MOSOYHOW >Kenesbl Ha paHHen ctaamu. BeiBoapl. [NonyyeHbl AaHHbIe
0 YacToTe reHeTnyeckux sapvaunii reHa BRCA1 y 60mnbHbIX pakoM MOIOYHOW XXenesbl Ha paHHen ctaguu,
npoxwmeatowwmx B Hosocnbupckon obnactu (Poccus). Qons mytaumm 5382insC coctaensiet 87,5 % ot Bcex
naTtoreHHbix myTaumn B reHe BRCA1, o6HapyXeHHbIX y NauneHTOoK.

KnioueBble cnoBa: reH BRCA1, myTauus, pak MOJIOYHOM Xerne3bl B MOJIOAOM BOo3pacTe,
HacneAcTBEHHbIN pakK, CEeKBeHUPOBaHWe criedyoLero NoKoseHus, TapreTHoe CeKBEHUpoBaHue.

#=7 AHncumeHko Makcum CepreeBud, jocus@bk.ru

CUBUPCKIY OHKONOTMMYECKW XXYPHAT. 2018; 17(4): 53-58
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Abstract

Aim of the study. Aim of the study was to estimate the occurrence of pathogenic mutations in the BRCA1
gene in Russian breast cancer patients. Material and methods. Complete coding sequence of the BRCA1
gene of 445 early onset breast cancer patients (under 40 years) from Novosibirsk region (Russia) were
analyzed by targeted Next Generation Sequencing (NGS) using lon Torrent platform. Results. Forty (9%)
carriers of various pathogenic mutations were revealed. Thirty five (7,9%) patients carried 5382insC mutation,
described earlier as a founder mutation for Slavic population. Five (1.1%) patients carried various pathogenic
mutations, namely C61G, 462delCC, E143X, 4153delA, and IVS18+1G>T. Besides, 29 genetic variants with
no clinical significance or with unknown clinical significance were detected in BRCA1 gene among 445 early
onset breast cancer patients. Conclusions. Data on the frequency of genetic variations in the BRCA1 gene
among early onset breast cancer patients in the Novosibirsk Region (Russia) were obtained. Proportion of
the 5382insC mutation is 87.5% of all pathogenic mutations in the BRCA1 gene found in patients.

Keywords: BRCA1 gene, mutation, early onset breast cancer, hereditary cancer, NGS, targeted sequencing.

Introduction

Hereditary factors account for up to 10% of all breast
cancer cases [1]. A significant part of the hereditary
forms of breast cancer is caused by mutations in
the BRCAI and BRCA2 genes. The likelihood of a
malignancy during the lifespan for BRCA 1/2 mutation
carriers is very high (up to 90%) [2].

Several studies demonstrated the prevalence of
BRCA1 5382insC mutation among breast/ovarian cancer
patients in Russia [3—5]. Frequency of 185delAG, C61G,
and 4153delA mutations is significantly less compared
to 5382insC, the frequency of other mutations in BRCA 1
gene remains unexplored [6, 7]. However, there are no
exact figures regarding frequency of BRCA 1 mutation
in Russian population and among cancer patients, these
data can be useful for screening programs and/or for
placing objectives on the mutation analysis guidelines.
According to our previous results, population study can
reveal only frequent mutations (as BRCA1 5382insC),
only single cases of other frequent mutations can be

54

found even in large (about 8000) population samples [§].
Early onset cancer patient’s cohort contains increased
proportion of hereditary cancer cases, so analysis of
this group can provide information on the spectrum
and frequencies of pathogenic mutations in population.
This information can be of value for the guidelines for
the analysis of mutations among Russian citizens. In
this study, we analyzed a complete coding sequence of
BRCAI gene of 445 early onset breast cancer patients
from Novosibirsk region with the aim to estimate the
occurrence of pathologic mutations in the BRCA gene
in Russia.

Material and Methods

Blood samples were collected from 445 breast
cancer patients of the Novosibirsk Regional Oncology
Clinic between April 2013 and June 2016. The age of
the patients at the time of diagnosis was from 19 to
40 years.

DNA was isolated from the blood samples using
RealBest extraction 100 Kit (Vector-Best, Russia).

Analysis of the complete coding sequence of the

SIBERIAN JOURNAL OF ONCOLOGY. 2018; 17(4): 563-58
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Figure 1. Frequency of the BRCA1 5382insC mutation in early onset breast cancer patients,
unselected breast cancer patients, and in general population of Novosibirsk city

BRCAI gene (22 exons, 5592 bp) was performed by
targeted sequencing on lonTorrent platform. All exons
with adjacent intron regions (20—80 bp) were completely
covered with 68 amplicons (140—190 bp). Primers were
designed by using lon AmpliSeq Designer and Primer 3
software. The primer pairs were combined into 3 pools.
Three multiplex PCR reactions were used to amplify
the 68 selected fragments. Multiplex reaction products
were combined and purified using Agencourt AMPure
XP magnetic beads (Beckman Coulter, USA). The
amplicons were ligated with bar codes and A/P1 adapters.
Then enrichment was carried out with the primer pair
complementary to adapters A and P1. Concentration of
the purified enriched amplicons was measured using
Qubit dsDNA HS Assay kit on the Qubit 3.0 fluorimeter
(Life Technologies, USA). The normalized DNA
libraries were then amplified by emulsion PCR using
Ion PGM Hi-Q OT2 kit and sequenced using lon PGM
instrument (Life Technologies, USA) according to the
manufacturer’s instructions.

Bioinformatic analysis of the raw data was based
on PRINSEQ technique [9]. The nucleotide sequences
obtained in the analysis were compared with the
reference sequence of the human genome GRCh37/
hgl9 using the BWA-MEM software version 0.7.5
[10]. The search for genetic variants was carried out
using the SAM tools software version 0.1.19 [11].

Results and discussion

Analysis of 445 early onset breast cancer patients
revealed 35 genetic variants in BRCAI gene. Results
of the study are presented in Table 1.

We detected 40 carriers (9%) of various pathogenic
mutations, including 35 carriers (7.9%) of 5382insC
mutation. BRCA1 5382 insC was described as founder
mutation for Slavic population [5]. Five patients
(1.1%) carried pathogenic mutations C61G, 462delCC,
E143X,4153delA, and [IVS18+1G>T (each particular
mutation was found in a single patient in a heterozygote
state). All pathogenic mutations are depicted in bold
in Table 1. According to our previous results, the
frequency of the 5382insC mutation among residents
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of Novosibirsk city is 0.25% [8], the frequency of this
mutation among unselected breast cancer patients in
the Novosibirsk region is 3.6% [12]. Figure 1 shows
the frequency of the 5382insC mutation among
unselected breast cancer patients and in the cohort of
early onset breast cancer patients in comparison with
the frequency of this mutation in general population.

Remarkably, allele frequency of 9 genetic variants
is at least twice higher than the frequency provided
in the database for general population (ExAC or/and
1000 genomes), these variants are marked in italics
in Table 1.

The frequency of three genetic variants has not
assigned in dbSNP yet and are not specified in Table
1. Two of these variants were undisclosed for the
first time. Ermolenko N.A. et al. found the 462delCC
(p.Prol15Terfs) mutation in Russian breast cancer
patients [13].

The obtained data on BRCA ! mutation frequencies
can be the basis for the guidelines for mutation analysis
in various cohort of breast cancer patients (patients
with family history, early onset breast cancer patients
etc.). Indeed, our data indicate the absence of hot-spot
mutation except BRCAI 5382insC, but a very strong
prevalence of this mutation in early onset cancer
patients (87.5 % of all found BRCAI mutations).
A frequency of the BRCAI 5382insC mutation
among non-selected breast cancer patients in Russia
was reported in several studies [4, 12, 14]. Similar
frequency of the BRCAI 5382insC mutation was
reported for Ukranian breast cancer patients [15].

In spite of the high frequency of the BRCAI
5382insC mutation among unselected cancer patients
in Poland [16] the mutation occurrence is more than
two times less than in Russia (1.9 %) and just slightly
higher than the frequency of the mutation C61G
(1.2 %). A frequency of BRCAI 5382insC mutation
in Germany among unselected breast cancer patients
is even less (1%) [17].

Thus, the frequency of the BRCA1 5382C mutation
among unselected breast cancer patients from Europe
is maximal in Russia (3.6—4 %), intermediate in Poland

SIBERIAN JOURNAL OF ONCOLOGY. 2018; 17(4): 563-58
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and Germany (1.9 % and 1.0 %, correspondingly) and
quite rare in France [18] and in Spain [19].

So, this data leads to the logical considerations
regarding the workflow of the BRCA 1 gene mutations
analysis specifically for Russia. The frequencies of
BRCAI gene mutations in Russia dictates the need to
analyze BRCA I 5382insC mutation as the first step of
analysis and, if not found, to analyze a complete coding
region of BRCAI gene. This workflow is in contrast
with the accepted idea to analyze 4—8 mutations
which were ever found in cancer patients with family
history. Moreover, due to the low cost and relative
simplicity analysis of the BRCAI 5382insC mutation
can be offered to all breast cancer patients with and
without family history since a number of publications

demonstrate a limited significance of family histo
n the present stlilc]ly. 8 Y Y
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