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Abstract

Hereditary breast cancer (HBC) is a heterogeneous disease caused by mutations in genes characterized by
ethnic specificity. The clinical heterogeneity of this disease significantly complicates its diagnosis. The use
of high-throughput sequencing is one of the approaches that allow the search for genes and their variants
associated with the development of HBC. The purpose of the study was to search for new genes associated
with HBC in the understudied ethnic groups of Siberia by using whole exome sequencing (WES). Material
and Methods. WES was performed on a cohort of 16 probands with BC (Tuvan, Yakut, Altai ethnos). The
study material was genomic DNA isolated from peripheral blood leukocytes. Libraries were prepared using a
BGI Optimal DNA Library Prep kit. An Agilent SureSelect Human All Exon V6 kit was used for hybridization.
High-throughput sequencing was performed on a DNA nanoball sequencing platform (DNBSeq-G400).
Results. In the overall group of patients with signs of HBC, pathogenic variants were detected in 12.5 %
of cases (2/16). For the first time, BRCA1 (rs80357635) pathogenic variant was identified in a young
patient with metachronous BC (Yakut ethnic group). A pathogenic variant of the ATM gene (rs780619951
NM_000051:exon16:c.C2413T:p.R805X) was identified in a young patient with BC (Tuvinian ethnic group).
A pathogenic variant of the TDP2 c.G4T:p.E2X, rs770844602 gene (DNA repair gene) was identified for the
first time in a Tuvan BC patient (metachronous) with a family history, but its contribution to HBC remains to
be proven. The TDG gene variant (rs764159587 NM_001363612:exon7:c.536dupA:p.E179fs) found in the
Tuvan ethnic group and affecting splicing (SpliceAl: 0.580) requires special attention. Conclusion. This
report is the first to describe the germinal variant in the BRCA1 (rs80357635) gene in the Yakut ethnic group.
Further studies are required to confirm pathogenicity of germinal variants in non-well studied genes TDP2,
TDG in ethnic BC patients.

Key words: exome sequencing, germline mutations, breast cancer, ethnic groups, Yakuts, Tuvans.
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AHHOTauuA

HacnepncteeHHbIN pak MmoroyHon xenesbl (HPMXK) npeacrasnset coboli reTeporeHHoe OHKONornyeckoe 3abo-
neBaHue, obycnoBrneHHoe MyTauMsaMmn psaa reHoB, XapakTepuayLLMXC aTHocneundnYHoOCTb0. KnnHnyeckas
reTeporeHHOCTb AaHHOrO 3ab0neBaHNs CyLLEeCTBEHHO OCMOXHAET €ro AMarHocTuKy. lpuMeHeHne MeTofa BbICO-
KOMpOW3BOANTENBHOMO CEKBEHMPOBAHUS ABMSIETCS OQHUM U3 BO3MOXHbIX MOAXOA0B, NO3BONALMNX NPOBOAUTH
MOWCK FEHOB U UX BapuaHTOB, NPMBOAALLMX K hopmmnpoBaHmio HPMXK. Llenbio nccnegoBaHus SBUNCS Nouck
HOBbIX FEHOB 1 X BApUaHTOB, CBA3aHHbIX ¢ HPMXX B aTHMYeckux rpynnax Cubrpw, ¢ ucnonb3oBaHWeM MeToaa
cekBeHupoBaHus ak3oma. MaTtepuan n metoabl. B uccnegosaHue BknoyeHo 16 naumeHTok ¢ PMX (TyBrHKu,
AKYTKW, anTankm). Matepuanom nccrenoBanus cnyxuna reHomHas OHK, BbiaeneHHasn ns nenkounTtos nepude-
pyyeckol kpoBu. BubnroTtekn Obinv NOAroToBMNEHbI C Mcnonb3oBaHneM Habopa BGI Optimal DNA Library Prep.
[ns rmbpuamnsauum ncnonb3osaricsa Habop Agilent SureSelect Human All Exon V6. BeicokonponssoanTensHoe
cekBeHupoBaHue bbio BbinonHeHo Ha nnatgopme DNBSeq-G400. [laHHble CeKBEHNPOBaHUSA 3k30Ma ObInn 00-
pabotaHbl ¢ ucrnonbaoBaHem DRAGEN Bio-IT v.3.9.5 (lllumina) n BbIpOBHEHbI HAa pedepPEHCHBIN YENOBEYECKUIA
reHom hg38. KayecTBo AaHHbIX CEKBEHMPOBaHMSA KOHTPONMPOBAOCh C NMOMOLLbI MPOrpaMMHOro obecneyeHns
MultiQC v.1.11. Pe3synbTathbl. B 06Lwen rpynne naumeHTok ¢ npuaHakamv HPMXK natoreHHble BapnaHThbl 6binv 06-
Hapy>eHbl B 12,5 % (2/16). MNatoreHHbI BapuaHT reHa BRCA1 (c.3087_3088del: p.R1029fs, rs80357635) 6b1n BbI-
SIBMEH Y MOMOAON NAUMEHTKM C METaxXpoHHbIM PMXK (aTHU4Yeckas rpynna sikyThl). [aTtoreHHbIn BapuaHTt reHa ATM
(rs780619951 NM_000051:exon16:¢.C2413T:p.R805X) 6bin BbISBNEH y Moiogon naumeHTkn ¢ PMXK (aTHnyeckasn
rpynna TyBuHUbI). [aToreHHbI BapuaHT reHa penapaumn JHK TDP2 ¢.GA4T: p.E2X, rs770844602 6bin Bnepsble
BbISIBMEH Y TYBMHKM C MeTaxpoHHbIM PMXK 1 ¢ cemelHbiM aHamHe3om. Bknag reHa penapauvmn JHK TDP2 B na-
ToreHe3 PMXX eLue npeactont usyuntb. BapuaHT reHa TDG (rs764 159587 NM_001363612:exon7:¢.536dupA:p.
E179fs), obHapyxeHHbI B TYBUHCKOM 3THOCE M BuvsOWMIA Ha cnnarcuHr (SpliceAl: 0.580), Tpebyet ocoboro
BHUMaHuWs. 3akrntoveHue. Bnepsble onncaH repmmnHanbHbIi BapuaHT B reHe BRCA1 (¢.3087_3088del: p.R1029fs,
rs80357635), cBsizaHHbIN ¢ PMXK, B aTHUYeckow rpynne sikyToB. Heobxoammbl AanbHenwme nCCneqoBanms ans
N3y4YeHWs1 PONn repMUHanbHbIX BapuaHToB reHoB TDP2, TDG npu PMXK.

KntoueBble cnoBa: NONTHO3K30OMHOE CEeKBEHVMPOBaHUE, HAacNeACTBEHHbIe MyTaLUW, 3THUYECKUE Fpynnbl, pak
MOJIOYHOW Xerne3bl, AKYTKU, TYBUHKU.

Introduction

Hereditary breast cancer (HBC) is a heterogeneous
disease with diverse genomic profile which determines
the morphology, response to therapy, likelihood to
relapse and overall survival. The major type of BC
is found to be sporadic, and about 5 % to 10 % of all
BC cases are classified as hereditary. Early detection
and diagnosis of HBC improves health outcomes (pro-
phylactic mastectomy improved survival by 0.4 to 2.6
years) [ 1]. HBC screenings have been implemented for
healthy woman with family history of BC. However,
molecular diagnostics of HBC poses a challenge. One

36

of the challenges of molecular diagnostics for HBC is
the high degree of genetic heterogeneity. According to
GeneReviews, an international point-of-care resource,
BC can be caused by various hereditary syndromes
(BRCAI- and BRCAZ2-associated hereditary breast
and ovarian cancer, Li-Fraumeni syndrome, Bloom
syndrome, Fanconi anemia, Peltz-Jegher syndrome,
PTEN-hamartoma syndrome, ataxia-telangiectasia,
etc.) [2]. The syndromic diagnosis is often used in
resource-poor settings where laboratory diagnosis
is limited. Moreover, every population/ethnic group
has a specific spectrum of mutations in its gene pool
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and diverse phenotypic and clinical presentations of
malignancies. For some racial/ethnic groups, such
as the Ashkenazi Jews variant BRCAI ¢.5266dup
(5382insC), BRCAI c.68_69del (185delAG) and
BRCA?2 c.5946del (6174delT); the Icelandic founder
variant BRCA2 c¢.771_775del (999del5); the French
Canadian variant BRCAI ¢.4327C>T (C44467T),
BRCA2 ¢.8537 8538del (8765delAG); the BRCAI
variant ¢.181T>G, and ¢.4034delA in Central-Eastern
Europe; the BRCAI c.548-4185del in Mexico; the
BRCA?2 variant ¢.9097dup in Hungary and others, have
been identified. The mutations listed above represent
the majority of mutations observed in these popula-
tions [3, 4]. Recurrent mutations have been identified
in other populations (Scandinavian, Dutch, French,
Italian, Hispanic/Mexican, African-American, Middle
Eastern, and Asian populations), but they have not
been characterized as true founder mutations [3]. Due
to the genetic heterogeneity and phenotypic overlap,
HBC is well suited to the strengths of next-generation
sequencing (gene panels or whole exome sequenc-
ing). The technology of whole-exome sequencing
(WES) allowed expansion of the spectrum of variants
in genes that were not previously associated with
BC pathogenesis [5]. The purpose of the study was
to search for new genes associated with HBC in the
understudied ethnic groups of Siberia by using whole
exome sequencing (WES).

Material and Methods

Our study included 16 patients with early-onset BC
(range, 22 to 52 years). Fifty percent of patients were
diagnosed with BC prior to age 40. Twenty fife percent
of patients (4/16) were diagnosed with synchronous
or metachronous BC. Our study included patients

diagnosed with BC who belonged to ethnic groups
of Siberia: Tuvans, Yakuts, Altaians. The nationality
of the patients was determined using a questionnaire.
Clinical information was based on the clinical docu-
mentation. The diagnosis was morphologically veri-
fied. All patients signed informed consent to participate
in this study.

The study material was genomic DNA isolated
from peripheral blood leukocytes. We used a com-
bined, two-step strategy, based on targeted gene panel
as a first NGS screening (n=150) (data not shown),
followed by WES in still unsolved cases (n=16). Li-
braries were prepared using a BGI Optimal DNA Li-
brary Prep kit. An Agilent SureSelect Human All Exon
V6 kit was used for hybridization. High-throughput
sequencing was performed on a DNA nanoball se-
quencing platform DNBSeq-G400 (depth of coverage
is 103.9x, Q30 reflects a base call accuracy of 95 %).
The quality of sequencing data was controlled using
the MultiQC v.1.11 software. Exome sequencing data
were processed using the DRAGEN Bio-IT platform
v.3.9.5 (Illumina) and aligned to the hg38 reference
human genome. All found variants passed the filtering
(p < 0.005). Additionally, pathogenic variants were
verified by Sanger sequencing (Fig. 1-3).

Results

In the current study we used WES to search for
new genes associated with hereditary BC in the ethnic
groups of Siberia. In the overall group of patients with
signs of HBC, pathogenic variants were detected in
12.5 % of cases (2/16). Table 1 presents WES data in a
group of young Yakut women with BC. A pathogenic
variant of the BRCAI gene (rs80357635, NM_007297:
exon9: ¢.3087 3088del: p.R1029fs, frameshift dele-
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Fig. 1. Detection of the TDP2 repair gene variant (rs770844602 NM_016614:exon1:c.G4T:p.E2X) by Sanger sequencing. Notes:
a — is the location of the TDP2 gene (rs770844602) variant according to dbSNP PubMed; b — is the positive sample, the reverse
sequence (c.G4T); created by the authors
Puc. 1. BeisiBneHue BapuaHTa reHa penapauum TDP2 (rs770844602 NM_016614:exon1:c.G4T:p.E2X) meTogom cekBeHnpoBaHusi
no CaHrepy. MNprmMeyaHus: a — pacnonoxeHune BapuaHta reHa TDP2 (rs770844602) cornacHo dbSNP PubMed; 6 — nonoxuTtenbHbI
obpaseu, obpaTHas nocnegoBaTenbHOCTb (C.G4T); pUCYHOK BbINOSIHEH aBTOpamu
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Fig. 2. Detection of the BRCA1 gene variant: NM_007297: exon9: ¢.3087_3088del: p.R1029fs, rs80357635 by Sanger sequencing.
Notes: a — is the location of the BRCA1 gene variant according to dbSNP PubMed; b — is the positive sample, the canonical forward
sequence (¢.3087_3088del); created by the authors
Puc. 2. BeisieneHue BapuaHTta reHa BRCA1: NM_007297: exon9: ¢.3087_3088del: p.R1029fs, rs80357635 meTogoM CeKBEHMPOBAHUSA
no CaHrepy. MNprmeyvanusi: a — pacnonoxeHve BapuaHta reHa BRCA1 cornacHo dbSNP PubMed; 6 — nonoxuTensHbii o6paseL, kaHo-
HUYyeckas npsiMas nocnegosatenbHocTb (€.3087_3088del); pucyHOK BbINonHEH aBTOpamu
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Fig. 3. Detection of the ATM variant (rs780619951, NM_000051:exon16:¢c.C2413T:p.R805X) by Sanger sequencing.
Notes: a — is the location of the ATM gene variant according to dbSNP PubMed;
b — is the positive sample, the canonical forward sequence (c.C2413T); created by the authors
Puc. 3. BeisiBnenuve BapuaHta ATM (rs780619951, NM_000051:exon16:c.C2413T:p.R805X) meTogom cekBeHupoBaHusi no CaHrepy.
MpumeydaHus: a — pacnonoxeHve BapmaHta reHa ATM cornacHo dbSNP PubMed; 6 — nonoxutenbHbIn 06paseL, kaHoHUYeckast npsimast
nocneposatenbHocTb (.C2413T); pucyHOK BbINOMHEH aBTOpamMu

tion) was found in a 36-year-old patient with metachro-
nous BC. A variant of the ATM gene (rs529296539,
NM_000051: exon58: ¢.G8495A: p.R2832H, CADD
SCORE: 25.9) and a variant of the AXIN2 gene
(rs758075343,NM_001363813: exond: c.971 973del:
p.324 325del) were found in a 45-year-old Yakut pa-
tient with bilateral synchronous BC. Four young Yakut
BC patients were found to have mutations in genes
associated with BC (RECQLS5, FANCL, ATM, RECQL)
with a CADD score > 25. Two patients had a pathogenic
variant in the CUL7 gene (NM_001168370: exon25:
c.4833dupT: p.R1612fs), leading to Yakut short stature
syndrome (secondary finding) (Table 1).

In the group of Tuvan patients diagnosed with BC
and a burdened family history, pathogenic variant of
the ATM and TDP2 genes were detected (Table 2).

38

Four BC patients of Tuvan, Yakut and Altai origin
were found to have mutations in the 7TDG gene
(rs765686214, rs764159587) (Table 3).

Discussion

Our study included BC patients who belonged to
ethnic groups of Siberia: Tuvans, Yakuts and Altaians.
These ethnic groups are the largest in Siberia and the
Russian Far East. The search for ethnospecific vari-
ants associated with BC for these groups has not yet
completed and the question of the pathogenesis of
hereditary BC remains to be answered.

Yakut ethnic group

In a group of young Yakut BC patients aged 22 to
45 years, a pathogenic variants of the BRCAI gene
and the GUL?7 gene, as well as other variants were de-
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Table 3/Tabnuua 3

Variants identified in young BC patients from the Altai
BapuaHThl, HailgeHHble Y MOoAbIX NauMeHTOK ¢ auarHo3omM PMXK anTtaiickoi aTHUYeCKOM rpynnbl

Age . . . .
. Age Diagnosis and/or in BC associated
Patients/ at diagnosis/ o
family history/ genes/
[Tanu- Bo3spact
Jlnaruos w/uimu TTaroreHHsle BapuaH-
CHTKH  IIOCTaHOBKH N
ceMelHast UCTOpHs  Thl B I'€HaX, aCCOLMH-
JIMarHo3a
poBanHbIX ¢ PMOK
Invasive BC, 1
stage/mother,
grandmother —
breast cancer/
KAK/ 35 VuBa3uBHas Kapuu
KAK pit

HOMa MOJIOYHOM
xKenesbl, | craaus/
Matb, 0alyrika —
PMX

Notes: *MAF — minor allele frequency; created by the authors.

Pathogenic variants

Pathogenic variants
in non-BC associated
genes/
[aroreHHbIe BapHAHThI
T€HOB, HE aCCOLHUUPO-
BaHHBIX ¢ PMJK

Variants in BC associated genes/
BapuaHThI B TeHaX, aCCOIUUPO-
BaHHBIX ¢ PMK

TDG: rs765686214
NM_001363612: exon8:
c.661 662insTTGAGAGC:
p.1221fs
(CADD score: 31.0)
MAF 0.000/

TDG: rs765686214
NM_001363612: 3x30H8:
c.661 662insTTGAGAGC:
p.1221fs
(CADD score: 31.0)
MAF 0.000

Ipumevanns:: *MAF — yacTora MHHOPHOTO aJuiesist; TaOJIHLA COCTABICHA aBTOPAMH.

tected. The BRCA1 gene variant: NM_007297: exon9:
c.3087 3088del: p.R1029fs, rs80357635, frameshift
deletion, «pathogenic» according to the NCBI SNP db,
was detected in a 36-year-old patient with metachronous
BC (Yakut). This variant has a low minor allele frequen-
cy (0.000004). It was described in more than 30 families
diagnosed with breast/ovarian cancer [6-10].According
to literature, rs80357635 is associated with hereditary
breast/ovarian cancer and is a founder variant for the
Norwegian and Italian populations [11,12]. The BRCA1
gene variant: NM_007297: exon9: ¢.3087_3088del:
p.-R1029fs, rs80357635 is not a common variant for
Slavs; this variant of the BRCAI gene was discovered
for the first time in the Yakut population. It is necessary
to study the frequency of this variant in an extended
sample of Yakut women with BC. To consider this
variant as ethnospecific (founder mutation) for Yakut
patients with BC, it must be recurrent.

A 45-year-old female patient (Yakut) with bilateral
synchronous BC was found to have two variants of the
AXIN2 and ATM genes. Pathogenic variants of the 4AX-
IN2 (Axin-related protein) gene lead to the formation of
Oligodontia-Colorectal Cancer Syndrome, associated
with an increased risk of various malignancies, includ-
ing gastrointestinal polyposis, early-onset colorectal
cancer, and breast cancer. Oligodontia-colorectal can-
cer syndrome is an autosomal dominant disorder with
an estimated prevalence of <1:1,000,000 (Orphanet)
[13]. According to Laura Roht data (2023), the AXIN?2
gene has recently been included in the panel of genes
associated with cancer syndromes [14]. The variant
of the AXIN2 gene (rs1567759412, NM_001363813:
exon4: ¢.971 973del: p.324 325del) revealed in the
Yakut patient did not lead to a frameshift, the CADD
score < 25, and the variant was determined to be of
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uncertain significance according to db SNP ClinVar.
This patient also had the variant of the ATM gene
(rs529296539, NM_000051: exon58: ¢.G8495A:
p.R2832H), CADD score > 25, PolyPhen2: 0.742,
MAF 0.0005. The variant was determined to be of
conflicting significance according to db SNP ClinVar
classification. Thus, in the Yakut patient with bilateral
synchronous BC two variants of the AXIN2 and ATM
genes were detected. Further studies are required to
assess their significance.

Bioinformatic analysis of WES data showed
that gene variants associated with BC, such as
RECQLS5 1s762104670, FANCL 1s199564543, ATM
rs529296539, RECQL 1s544551114 were found in
Yakut BC patients. These variants were determined
to be of uncertain significance according to NCBI
SNP db, with CADD score > 25, MAF equal to 0.000,
and deleterious effect on protein according to predic-
tive programs (PolyPhen2, SIFT, MutationTaster,
MutationAssessor, PROVEAN, CADD). CADD is a
widely used measure of variant deleteriousness that
can effectively prioritize causal variants in genetic
analyses (missense variants, nonsense mutations, in-
sertions/deletions causing reading frame shift) [15].
Since these genes are well studied and their role in
the pathogenesis of BC has been proven, we will not
dwell on them in detail.

Two young Yakut women with BC were found to
have a pathogenic variant rs730880301 in the CUL7
gene, which was associated with the 3-M syndrome
or Yakut short stature syndrome. Yakut short stature
syndrome is a rare autosomal recessive disease char-
acterized by severe prenatal and postnatal growth
retardation and facial dysmorphism, but normal intelli-
gence. The prevalence of short stature syndrome with a
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CUL7 mutation in Yakuts is 0.01 % (at least 43 patients
out 0f' 440,000 people) [16]. This finding confirms the
ethnicity of the patients included in our study.

Tuvan ethnic group

Pathogenic variants of the ATM and TDP2 genes
(not associated with BC) and variants of the 7DG gene
affecting splicing were found in Tuvan BC patients.
The pathogenic ATM gene variant (rs780619951
NM 000051:exonl6:¢.C2413T:p.R805X) was found
in a 52-year-old Tuvan woman with a burdened family
history (mother had pancreatic cancer). We described
this variant earlier in a group of young Khakass women
with BC [17].

A 42-year-old Tuvan woman with a metachronous
BC and burdened family history (grandmother and
aunt had stomach cancer) was found to have a patho-
genic variant of the TDP2 repair gene (rs770844602,
NM 016614: exonl: c.G4T: p.E2X) and a variant
of the 7DG gene (rs764159587, NM_001363612:
exon7: ¢.536dupA: p.E1791s). The TDG gene belongs
to the TDG/mug DNA glycosylase family. The 7DG
gene coding enzyme that plays a central role in cel-
lular defense against genetic mutation caused by the
spontaneous deamination of 5-methylcytosine and
cytosine [18]. The TDG gene variant rs764159587
(NM_001363612: exon7: ¢.536dupA.: p.E179fs, uncer-
tain significance by ClinVar, CADD score 36.0, Splice
Donor Variant, SpliceAl score 0.580) indicates that this
gene variant leads to a change in the coding sequence
of the protein. This 7DG gene variant affects splicing
and should be studied using the technology of mini-
gene. The TDP2 gene germinal variant (rs770844602
NM 016614:exonl:c.G4T:p.E2X) another variant
that was also detected in this patient. The TDP2 gene
encodes 5’-tyrosyl DNA phosphodiesterase which is
necessary for efficient repair of double-strand breaks
caused by abortive activity of DNA topoisomerase II
(TOP2). In accordance with literature, homozygous
pathogenic variants of the 7DP2 gene were registered
in patients with spinocerebellar ataxia 23 (SCAR23).
Cases of spinocerebellar ataxia with cancer were also
described in the literature [19, 20] and a case of Fan-
coni anemia was described in one of the patients [21]
(a genetic disease that is transmitted in an autosomal
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