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Abstract

Objective: Breast cancer is a public health problem with increasing incidence, prevalence, and mortality worldwide.
Germline variants in the DNA repair genes BRCA1/2 are involved in the pathogenesis of hereditary breast/ovarian cancer.
However, for many ethnic groups that are isolated geographically worldwide, founder variants of breast cancer still have
not been found. In this study, we provide whole exome sequencing data performed in a group of breast/ovarian cancer
patients who belong to the Buryats. Methods: Our study included 56 Buryat patients with histologically confirmed
primary breast/ovarian cancer who completed an anonymous questionnaire about basic information and nationality.
Genomic DNA was isolated from peripheral blood leukocytes. Libraries were prepared using a BGI Optimal DNA
Library Prep kit (MGI, China). An Agilent SureSelect Human All Exon V6 kit (Agilent, USA) was used for hybridization.
High-throughput sequencing was performed on a DNA nanoball sequencing platform DNBSeq-G400 (MGI, China).
Result: In the overall group of patients with signs of hereditary breast/ovarian cancer, likely pathogenic/pathogenic
variants were detected in 16% (9/56). We have discovered likely pathogenic/pathogenic variants that can either directly
(BRCA2, RAD5 1D, FANCG) or indirectly (POLR2C, FOXL2, GDF9, CYP21A4) initiate breast/ovarian cancer. For the
first time, three rare germinal variants in the BRCA2 gene were detected in a small Buryat ethnic group. Further studies
are required to confirm their role in the pathogenesis of breast /ovarian cancer in this ethnic group. We found that the
RADS51D gene variant ¢.757C>T is recurrent and was observed in 4% of Buryat patients with breast/ovarian cancer.
Conclusion: For the first time, rare germinal variants in the BRCA2, RAD5 1D, FANGC, CYP24A1 genes were detected
in a small Buryat ethnic group. Our data are consistent with existing data showing that variants in the RAD51D gene
may be involved in the pathogenesis of breast/ovarian cancer. We also showed that the Mongolic-speaking Buryat
populations exhibited strong genetic resemblance to those of Chinese.
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Introduction

Breast cancer is a public health problem with
increasing incidence, prevalence and mortality worldwide
[1]. Germline variants in the DNA repair genes BRCA1/2
are involved in the pathogenesis of breast/ovarian
cancer. The presence of these variants may lead to the
manifestation of the hereditary breast/ovarian cancer
syndrome at a young age. The BRCA1/2 founder effect
or the accumulation of certain variants in these genes has
been described for some populations. These populations
are known as genetic isolates due to their cultural or

geographic isolation over many generations, either by
preference for conservation culture and/or religion,
or by geographical or societal restrictions [2]. The
detection of BRCA1/2 founder variants allows for more
efficient and cost-effective genetic testing and cancer
prevention strategies in populations where these variants
are prevalent. By focusing on a smaller set of variants,
testing becomes more rapid and affordable. This allows
for early detection and preventive measures for high-risk
individuals, potentially preventing the development of
breast and ovarian cancers.

However, for many ethnic groups isolated

!Department of Cancer Research, Cancer Research Institute, Tomsk National Research Medical Center, Russian Academy of
Science, Tomsk, Russia. *Department of Physical and Colloid Chemistry, Tomsk State University, Tomsk, Russia. *Department of
surgery, Buratya Republic Cancer Center, Ulan -Ude, Russia. *Department of population genetics, Research Institute of Medical
Genetics, Tomsk National Research Medical Center, Tomsk, Russian. *For Correspondence: gervaspa@oncology.tomsk.ru

Asian Pacific Journal of Cancer Prevention, Vol 27 651



Polina Gervas et al

geographically worldwide, founder variants of breast
cancer still have not been found. It is possible that in these
groups the breast cancer development will be caused by
variants in genes other than BRCA1/2. Whole genome or
whole exome sequencing methods are needed to expand
the gene spectrum and study both coding and non-coding
gene sequences in these ethnic groups. In this regard, the
Buryats, as a small indigenous ethnic group of Siberia,
represent an ideal population for current testing.

The Buryat people are descendants of Mongol
populations that settled in the meadow-steppe region
around Lake Baikal at the boundary of the northern forest.
The Buryat language belongs to the Mongolic language
family. At the last census, the Buryat population numbered
over 400,000 individuals [3]. In our previous work,
we have demonstrated that the Buryat and other native
Siberian groups are genetic isolates due to their cultural
and geographic isolation over many generations [4]. Since
2014, we have focused on the search for BRCA1/2 founder
variants in the Buryat ethnic group. We are currently
continuing studies to identify variants involved in breast/
ovarian cancer in non-Caucasian patients belonging to
the indigenous Buryat people, a poorly studied ethnic
group in Siberia. In this study, we provide whole exome
sequencing data performed in a group of breast/ovarian
cancer patients who belong to the Buryats.

Materials and Methods

Our study included 56 Buryat patients with
histologically confirmed primary breast/ovarian cancer
(3 patients with ovarian cancer) who completed an
anonymous questionnaire about basic information and
nationality. Thirty nine percent of patients were diagnosed
with cancer prior to age 50. Two percent of patients (1/56)
were diagnosed with metachronous breast cancer. Thirty
nine percent of patients (22/56) had sings of hereditary
cancer. Seven percent of patients (4/56) were young and
had a history of hereditary cancer (Table 1). The clinical
information was based on the medical documentation.
All patients signed informed consent to participate in
this study.

Genomic DNA isolated from peripheral blood
leukocytes by standard procedures. Libraries were
prepared using a BGI Optimal DNA Library Prep kit
(MGI, China). An Agilent SureSelect Human All Exon
V6 kit (Agilent, USA) was used for hybridization. High-
throughput sequencing was performed on a DNA nanoball
sequencing platform DNBSeq-G400 (MGI, China) (depth
of coverage is 103.9x, Q30 reflects a base call accuracy of
95%). Exome sequencing data were processed using the
DRAGEN Bio-IT platform v.3.9.5 (Illumina, USA) and
aligned to the hg38 reference human genome. The quality
of sequencing data was controlled using the MultiQC
v.1.11 software. Annotation of the variants was done
using the OpenCRAVAT software [5]. All found variants
passed the filtering (p < 0.005). Variants are classified
as pathogenic, likely pathogenic, uncertain significance,
likely benign, and benign according to the 2015 guidelines
of American College of Medical Genetics and Genomics
and the Association for Molecular Pathology — ACMG/
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AMP [6]. Likely pathogenic/Pathogenic variants were
confirmed by Sanger sequencing (Figure | a-g).

This study reflects high quality variants. High-quality
variants were defined as (1) FILTER =PASS, (2) QUAL >
100, (3) Depth coverage > 26X, and (4) Variant fraction >
38%. Variants that did not fulfil these requirements were
considered low-quality variants and not reported.

Results

In the overall group of patients with signs of hereditary
breast/ovarian cancer, Likely pathogenic/Pathogenic
variants were detected in 16% (9/56). Table 2 presents
whole exome sequencing data in a group of Buryat women
with breast/ovarian cancer.

According to bioinformatics analysis, we have found
different classes of germinal variants from benign to
pathogenic. Benign variants were discarded. We do not
present conflicting, unknown variants due to the fact
that their analysis is quite complex, the analysis of these
variants is labor-intensive and will be continued. In this
short report, we present only variants that are likely
pathogenic or pathogenic in accordance to ACMG/AMP
or ClinGen VCEP (Table 3).

We have discovered Likely pathogenic/pathogenic
variants that can either directly (BRCA2, RAD51D,
FANCG) or indirectly (POLR2C, FOXL2, GDFY,
CYP24A1) initiate breast/ovarian cancer. For the first
time, rare pathogenic variants, mainly in the BRCA2 gene,
not common among Slavs, were detected in three Buryat
patients with breast/ovarian cancer. A pathogenic variant
inthe BRCA2 gene ¢.9052A>G was found in a 43-year-old

Table 1. Clinical and Anamnestic Characteristics of
Patients

Characteristics of patients % (n)
Diagnosis

Breast cancer 5(53/56)

Ovarian cancer 95(3/56)
Age

<50 61(34/56)

>50 39(22/56)
Family history

Yes 39(22/56)

No 38(21/56)

Unknown 23(13/56)
Tumor side

Left 28(15/56)

Right 46(26/56)

Unknown 26(15/56)
Stage

1 21(11/56)

2 23(13/56)

3 16(9/56)

4 14(8/56)

Unknown 26(15/56)
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Figure 1. a-g. Detection of the genes variants by Sanger sequencing. a - is the positive sample, the canonical forward
sequence of the BRCA2 gene (¢.5286T>G); b - is the positive sample, the canonical forward sequence of the BRCA2
gene (¢.2612C>G); ¢ - is the positive sample, the canonical forward sequence of the BRCA2 gene (¢.9052A>G); d - is
the positive sample, the canonical forward sequence of the FANCG gene (c.1481-1G>C); e - is the positive sample,
the canonical forward sequence of the CYP24A41 gene (c.1508C>T); f- is the positive sample, the canonical forward
sequence of'the RADS5ID gene (c.757C>T); g - is the positive sample, the canonical forward sequence of the GDF9

gene (¢.1283G>C).

patient diagnosed with breast cancer. A pathogenic variant
of the BRCA2 gene ¢.5286T>G was found in a 70-year-
old patient with ovarian cancer. A pathogenic variant of
the BRCA?2 gene ¢.2612C>G was found in a 68-year-old
patient diagnosed with ovarian cancer.

A pathogenic variant in the RADS51D gene ¢.757C>T
was observed in two unrelated individuals. One of these
individuals, a 61-year-old patient with ovarian cancer had
a family history of breast cancer in first-degree relatives
(mother). Another, a 47-year-old patient was diagnosed
with breast cancer. Also, a 43-yers old breast cancer
patient was found to have likely pathogenic splice site
variant in FANCG c¢.1481-1G>C gene associated with
Fanconi anemia.

In addition, we found likely pathogenic variants
previously described as genes involved in primary
ovarian insufficiency [7]. Among them, likely pathogenic
variants of POLR2C ¢.77C>G, FOXL2 ¢.1045C>G, GDF9
¢.1283G>C were detected in young Buryat breast cancer
patients. Likely pathogenic variant of FOXL2 ¢.1045C>G
was found in a 43-year-old female patient diagnosed with
breast cancer and bearing pathogenic non-coding splice
site ¢.1481-1G>C in FANCG gene.

Likely pathogenic variant of GDF9 ¢.1283G>C was
found in two Buryat breast cancer patients (41- and
68-year-old). Likely pathogenic variant of POLR2C
¢.77C>G gene was detected in two Buryat breast cancer
patients (40- and 65-year-old).
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Table 2. Likely Pathogenic/Pathogenic Variants in Buryat Patients with Breast/Ovarian Cancer According to the whole
Exome Sequencing Data Analysis

Gene, ID SNP HGVS MAF Patient age, diagnosis
(GnomAD_genomes, Global)
BRCA2 gene NM_000059.4: ¢.5286T>G G=0.000007 70-year-old,
rs80358754 p-Tyr1762Ter ovarian cancer
BRCA2 gene NM_000059.4: ¢.2612C>G A=0.000007 68-year-old,
1s397507634 p-Ser871Ter ovarian cancer
BRCA?2 gene NM_000059.4: ¢.9052A>G MAF None 43-year-old,
rs431825373 p-Ser3018Gly breast cancer
FANCG gene NM_004629.2: ¢.1481-1G>C MAF None 43-year-old,
rs2131053141 breast cancer
CYP24A1 gene NM_000782.5: ¢.1508C>T A=0.0000486 47-year-old,
1s766440228 p.Pro503Leu breast cancer
RADS51D NM_002878.4: ¢.757C>T T=0.00003(ALFA, Global) 47-year-old,
rs137886232 p-Arg253Ter breast cancer,
61-year-old,
ovarian cancer (mother BC)
POLR2C gene NM_032940.3: c.77C>G G=0.00002 43-year-old,
rs770336099 p.Thr26Ser breast cancer, 65-year-old breast cancer
FOXL?2 gene NM_023067.4: ¢.1045C>G C=0.0002 43-year-old,
rs201840174 p-Arg349Gly breast cancer patient with FANCG gene
variant
GDF9 gene NM_005260.7: ¢.1283G>C G=0.0001 41-year-old,
rs118080183 p-Ser428Thr breast cancer,

68-year-old breast cancer

Interestingly, a likely pathogenic variant of xenobiotic
metabolism genes was also discovered. A 47-year-old
breast cancer patient was found to have a likely pathogenic
variants ¢.1508C>T in the CYP24A1 gene.

Discussion

Buryats are the largest ethnic group, including
Mongolian, Chinese, and Siberian Buryats, with a
population of around 545,000 to 690,000 people [8].
In the Russian Federation, this ethnic group numbers

€.2612C=A €.5286T>G ©.9052A~G
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Figure 2. Functionally Significant Domains of the BRCA2 Gene (RADS51-Binding and DNA-Binding Domains). The
location of BRCA2 gene variants (¢.5286T>G, ¢.2612C>G, ¢.9052A) is shown in red.
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Table 3. Variants Interpretation in According to ACMG/AMP or ClinGen VCEP

Gene, ID SNP HGVS VAF,% ACMG/AMP ClinGen VCEP/ evidence criteria Variant
evidence criteria interpretation

BRCA2 gene NM_000059.4 53 PVSI1, PM3_Support, PM5_Strong, PP1_Strong, Pathogenic
1s80358754 ¢.5286T>G PP3_Support, PP4 Strong

p-Tyr1762Ter
BRCA?2 gene NM_000059.4 50 PVSI1, PM3 Support, PM5 Strong, PP1_Strong, Pathogenic
1s397507634 c.2612C>G PP3_Support, PP4_Strong

p-Ser871Ter
BRCA2 gene NM_000059.4 45 PVSI1_Strong, PS3, PM2_Support, PM3_Support,  Pathogenic (Likely
rs431825373 ¢.9052A>G PP1 Very Strong, BP4 Support pathogenic ClinVar)

p-Ser3018Gly
FANCG gene NM_004629.2 45 PVSI1_Strong, Likely pathogenic
rs2131053141 c.1481-1G>C PM2, PP3, PP4
CYP24A1 gene  NM _000782.5 53 PM1, PM3, PP3, Likely pathogenic
rs766440228 ¢.1508C>T PP4

p-Pro503Leu
RAD51D NM_002878.4 38 PVSI1, PS4, PM4, Pathogenic
rs137886232 ¢.757C>T PP1, PP3, PP4

p-Arg253Ter
POLR2C gene NM_032940.3 50 PM1, PP3_Mod- Likely pathogenic
1s770336099 c.77C>G erate, PP4, PP5

p-Thr26Ser
FOXL2 gene NM_023067.4 42 PS3_Support, Likely pathogenic
15201840174 ¢.1045C>G PS4 _Support,

p.Arg349Gly PM3, PP1, PP3,

PP5

GDF9 gene NM_005260.7 56 PS3, PP3, PP4, Likely pathogenic
rs118080183 c.1283G>C PP5

p-Ser428Thr

over 400,000 individuals. Nowadays, the study of
ethnic-specific genetic variants associated with breast/
ovarian cancer in the Buryat population is ongoing, and
the precise mechanisms underlying hereditary breast and
ovarian cancer in this group remain unknown.

We have previously detected two pathogenic variants
in non-BRCA genes in 38 Buryat breast cancer patients
using targeted sequencing (data not shown) [4]. Among
them is a pathogenic variant in the RAD5ID gene
¢.757C>T that observed in two unrelated individuals aged
under 40. One of these patients had a family history of
late-onset stomach cancer in second-degree relatives. The
second pathogenic variant was found in the PTEN gene
¢.406T>C in a 38-year-old breast cancer patient with no
family history. In addition, no pathogenic variants of the
BRCA /2 genes or founder variants were detected in young
Buryat women using targeted sequencing.

For a long time, young Buryats diagnosed with
breast cancer were tested for the presence of 8 BRCA 1/2
variants (common among Slavs) using the real-time PCR.
In case of a negative test result, Buryat breast/ovarian
cancer patients with signs of hereditary cancer were not
observed for early cancer prevention. This situation was
observed until the including high-throughput sequencing
in health insurance. Currently, it is well established that

the Slavic founder variants of BRCA1/2 are absent in
the Buryat ethnic group [9]. On the other hand, in the
oncology practice, variants in non-BRCA genes (CHECK?2,
PALB2, MUTYH, PTEN, etc.) is not a potential targets
for drug therapy. Current recommendations for patients
bearing variants in the CHECK?2, PALB2, MUTYH, PTEN
genes and their healthy relatives usually include disease
surveillance and control. However, since 2024, a new
drug, TRUQAP (capivasertib) AstraZeneca, has become
available in many countries around the world for patients
with very rare variants in the PTEN gene [10]. The
emergence of new drugs or expanded recommendations
for the use of existing ones may be of great importance
for ethnic groups in which variants in genes other than
BRCA are prevalent.

In present study, we performed whole exome
sequencing to continue searching for recurrent or founder
variants in the Buryat ethnic group patients with breast/
ovarian cancer. We did not restrict an age of the patients,
since it is well known that more than 60% of women who
inherit a harmful change in BRCA 1 or BRCA2 will develop
breast cancer during their lifetime [11]. It is important to
note that three pathogenic variants of the BRCA2 gene
(c.5286T>@G, ¢.2612C>G, ¢.9052A) we identified for
the first time. A pathogenic variant in the BRCA2 gene
655
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¢.9052A>G was identified in a 43-year-old young patient
diagnosed with breast cancer. This missense variant
has been described in the PubMed ClinVar database;
overall population frequency has not been studied, and
it was classified from uncertain significance to probably
pathogenic in 2024. The ¢.9052A>G variant, also known
as p.S3018G, located in coding exon 22 of the BRCA2
gene, results from an A to G substitution at nucleotide
position 9052. The serine at codon 3018 is replaced
by glycine, an amino acid with similar properties. This
alteration was identified once in an individual diagnosed
with breast cancer living in Italy [12].

The variant in the BRCA2 gene ¢.5286T>G (population
frequency 0.0000) was detected in a 70-year-old patient
with ovarian cancer. Previously, the BRCA2 ¢.5286 T>G
has been identified in 17 ovarian cancer patients from
various regions of the Russian Federation, including
Moscow, Novosibirsk, Irkutsk, Kirov, Chelyabinsk
regions, Yakutia, and Primorsky Krai. This variant is
also mentioned as a new founder variant in Russia, but
without specifying the ethnic group [13]. According to
Grigory A. Janus, 2023, the frequency of BRCA2 ¢.5286
T>G was 3.4% (20/589) in the regions of the Russian
Federation [14]. The authors summarize that this gene
variant is common among the “northern Russians”, who
are a population that is genetically closer to the Finno-
Ugrians than to the Slavs. It should be noted that in this
study we first identified the ¢.5286T>G variant in a patient
with ovarian cancer belonging to the Buryat ethnic group.

A pathogenic variant ¢.2612C>G in the BRCA2 gene
was found in a 68-year-old female patient diagnosed
with ovarian cancer. This variant results in a stop codon
that is described in ClinVar with a general population
frequency of 0.00000 according to the PubMed SNP
database. This variant was previously described in a one
Chinese (¢.2612C>G) and a one Vietnamese (¢.2612C>G)
breast cancer patients [15, 16]. Thus, all three variants
of the BRCA2 gene that we identified are rare germline
variants, not typical for Slavs, and further studies are
required to confirm their role in the breast/ovarian cancer
pathogenesis in the Buryat ethnic group.

We also studied the location of these variants into
the functionally significant domains of the BRCA2 gene,
which can be an indicator predicting the effectiveness
of PARP inhibitors [17]. The BRCA2 gene variant
¢.5286T>G is located in the important RAD51-binding
domain, the variant ¢.9052A>G in the DNA-binding
domain, in contrast to the variant ¢.2612C>G. Thus,
the presence of BRCA2 gene variants ¢.5286T>G and
¢.9052A>G may be associated with a long-term response
to PARP inhibitor therapy (Figure 2).

Regarding non-BRCA genes, a pathogenic variant in
the RADS51D gene ¢.757C>T, was rediscovered in two
unrelated individuals in our study. This suggests that the
variant RAD51D c.757C>T is recurrent and is observed
in 4% (4/94) of breast/ovarian cancer Buryat patients. Yao
H., 2022 found that RAD5 1D germline variants are more
frequent in ovarian cancer Chinese patients with family
history of cancer. In addition, the authors showed that
patients with RAD51D germline variants might benefit
from PARPis treatment [18].
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High-performance whole exome sequencing method
allowed to detect a likely pathogenic non-coding splice
site ¢.1481-1G>C germline variant in FANCG gene
in a 43-year-old female patient diagnosed with breast
cancer. This variant is involved in Fanconi anemia, a
rare, autosomal recessive genetic disease characterized
by aplastic anemia, congenital defects, endocrinological
abnormalities, and an increased cancer incidence,
including breast cancer [19, 20].

A likely pathogenic variant in the CYP24A1 gene/
oncogene c¢.1508C>T not directly associated with an
increase risk of breast cancer was found in a 47-year-
old female breast cancer patient. CYP24A41 is an
enzyme expressed in the mitochondrion that catalyzes
hydroxylation reactions which lead to the degradation
of 1,25-dihydroxyvitamin D3, the physiologically active
form of vitamin D. Is known that CYP24A4 1 gene-induced
vitamin D insufficiency promotes breast cancer growth
[21].Vitamin D deficiency has been found to be associated
with a variety of cancers, including prostate, multiple
myeloma, colorectal and breast cancer [22].

Rare likely pathogenic gene variants associated with
primary ovarian failure POLR2C ¢.77C>G, FOXL2
c.1045C>G, GDF9 ¢.1283G>C were also found in
Buryat breast cancer patients. Primary ovarian failure
is a heterogeneous disease and its molecular etiology
is unclear. Moreover, 50-90% of cases is idiopathic
and likely involves a substantial genetic contribution.
Approximately 50% of the deleterious gene variants
causing premature ovarian failure were found in genes
involved in meiosis, DNA damage repair and transcription,
and translation fidelity. Variants in these genes could
predispose to cancer risk in women with premature ovarian
failure [23]. Further studies are required to confirm the role
of these germinal variants in ethnic breast cancer patients
belonging to the Buryat ethnic group.

A significant limitation of our study is the analysis
of only likely pathogenic/pathogenic variants in the
Buryat ethnic group. However, in Buryat patients with
breast/ovarian cancer, rare germline likely pathogenic/
pathogenic variants in RAD51D, BRCA2, FANGC genes
were found. Further studies are required to evaluate
the impact of variants in the CYP24A41 gene and genes
associated with primary ovarian failure in breast cancer.
There is a recurrent pathogenic variant of the RAD51D
gene in breast/ovarian cancer Buryat patients. Moreover,
our data are consistent with data showing that variants in
the RADS51D gene may be involved in the pathogenesis
of ovarian cancer, for example, in the Chinese population.

In conclusions, for the first time, rare germinal variants
in the BRCA2 gene, which are not typical for Slavs, were
detected in a small Buryat ethnic group. Further studies
are required to confirm their role in the pathogenesis of
breast /ovarian cancer in this ethnic group. We found that
the RAD51D gene c.757C>T is recurrent and is observed
in 4% (4/94) of patients with breast/ovarian cancer. Our
data are consistent with data showing that variants in the
RADS51D gene may be involved in the pathogenesis of
ovarian cancer, for example, in the Chinese population. We
also showed that Mongolic-speaking Buryat populations
exhibited strong genetic resemblance to Chinese.
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