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AHHOTauus

Background. The identification of the ethnospecific mutations associated with hereditary breast cancer remains
challenging. Next generation sequencing (NGS) technology fully enables the compilation of germline variants
associated with the risk for inherited diseases. Despite the success of the NGS, up to 20 % of molecular
tests report genetic variant of unknown significance (VUS) or novel variants that have never been previously
described and their clinical significances are unknown. To obtain extended information about the variants of
the unknown significance, it is necessary to use an alternative approach for the analysis of the NGS data.
To obtain extended characteristic about the unknown significance variants, it is necessary to search for
additional tools for the analysis of the NGS data. Material and Methods. We reclassified the mutation of
the unknown significance using the ActiveDriveDB database that assessed the effect of mutations on sites
of post-translational modifications, and the ProteinPaint tool that complemented the existing cancer genome
portals and provided a comprehensive and intuitive view of cancer genomic data. Results. In this study,
we report a 44-year-old Tuvinian woman with a family history of breast cancer. Based on the NGS data,
mutational analysis revealed the presence of the LRG_321t1: ¢.80C>T heterozygous variant in exon 2, which
led to the proline to leucine change at codon 27 of the protein. In the dbPubMed database, this mutation
was determined as unknown significance due to data limitation. According to the data of the ActiveDriverDB
tool, this mutation is located distally at the site of post-translational protein modification, which is responsible
for binding to kinases that regulate genes of the cell cycle, etc. (ATM, CHEK2, CDK, MAPK). In accordance
with ProteinPaint tool, the LRG_321t1: ¢.80C>T mutation is located in functionally specialized transactivation
domains and codon of the TP53 gene, where the pathogenic mutation associated with Li-Fraumeni syndrome
has been earlier described. Conclusion. This report is the first to describe a new variant in the TP53 gene
(rs1555526933), which is likely to be associated with hereditary cancer-predisposing syndrome, including
Li-Fraumeni syndrome, in a Tuvinian BC patient with young-onset and familial BC.

Key words: germline mutation, breast cancer, small nationality of Russia, ethnic group, Tuvinian.
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Abstract

BBepeHue. Npobnema naeHTMdUKaUMM B POCCUACKMX MOMYNAUUAX 3THOCNeundmruyIeckmx MyTaLumin, acco-
LUMMPOBaHHbIX C HAcNeaCTBEHHbIMM POpMaMy paka MOFOYHOM XKeresbl, OCTaeTCs OTKPbITOW. TexHonorns
BbICOKOMPON3BOAUTENBHOIO CEKBEHUPOBaHWS SBMSETCA METOAOM BbIOOpa, OAHAKO CyLLECTBYIOT CIIOXXHOCTU
WHTEepnpeTauun Nony4eHHOro MaccuBa SaHHbIX NPU aHHOTMPOBAHWK X C UCMONb30BaHMEM OBLLENPUHATBIX
0a3 faHHbIX. Tak, 4ns ManounsyyeHHbIx nonynsauui ot 20 % MonekynsapHbIX TECTOB COOBLLAI0T O FreHETUYECKNX
BapuaHTax HensBecTHOro 3HaveHus (VUS) unm HoBbIX BapmMaHTax, KOTopble paHee He Obinn onvcaHbl. [Ans
Nony4YeHns: pacLUMpeHHON NHOpPMaLMN O BapyaHTax BbICOKONPOM3BOAMTENBHOIO CEKBEHMPOBAHNSA HEN3-
BECTHOrO 3Ha4yeHns HeobxoaMMO MCMOMNb30BaTh anbTepHaTMBHbIE NOAXOAbl aHanv3a AaHHbIx. MaTepuan u
MeToAbl. [poBefeHa peknaccudukaumsa MyTaumnm HEM3BECTHOTO 3Ha4YeHnst reHa TPS53 ¢ ncnonb3oBaHvem
6a3bl aaHHbIX ActiveDriveDB, koTopasi oLueHMBaET BNUsTHUE MyTaLMIn HA CalTbl MOCTTPAHCIISILNOHHBIX MO-
andukauni, n nHcTpymeHTa ProteinPaint, koTopbln obecnevymBaeT BCECTOPOHHEE Y MHTYUTUBHO MOHATHOE
npencTaBrieHne 0 reHOMHbIX AaHHbIX. Pe3ynbTartbl. MyTaums reHa TP53 (rs1555526933) Obina obHapykeHa
y Morofon TyBuHkM 44 net ¢ anarHo3om PMXK. B 6a3e gaHHbix dbPubMed (rs1555526933, chr17:7579716,
G>A, Pro27Leu) ata myTauuns 9BNseTCA BapyaHTOM HEM3BECTHOro 3HadeHus (unknown significance) ¢ oT-
CyTCTBMEM MHGOPMaLMM O YacToTe BCTPeYaeMoCT! MUHOPHOrO annensi. CornacHo AaHHbIM UHCTPYMEHTa
ActiveDriverDB, aTa MyTauus pacnonoxeHa QUCTarnbHO B CaiTe MOCTTPAHCISALMOHHOM MoandvKaLmm 6ernkos,
OTBeYaloLLeM 3a CBA3bIBAHME C KMHA3aMu, perynvpyroLwmumMmn reHbl KneToyHoro umkna n gp. (ATM, CHEK2,
CDK, MAPK). CornacHo gaHHbiM ProteinPoint, ata MyTaumsa HaxoguTcs B KOAOHE, rae paHee Obina onvca-
Ha naToreHHas myTtauusa reHa TP53 p.Leu26GinfsTer4 (NM_000546.6 (TP53): c.77_80delinsAAGAACGT
(p.Leu26fs), npuogsiuas k hopmmpoBaHuio cuHgpoma Jln — ®paymenu (rpynna peakmx HacrneacTBEHHbIX
onyxoneBsbix 3abonesaHuin). 3aknoyeHue. Bnepeble y naumeHTkn (TYBUHCKUIA 3THOC) C PpaHHMM Havarnom
PM>X 1 oTAroweHHbIM OHKONOrMYeCcKnM aHaMHe30M OnmncaH BapuaHT reHa TP53 (rs1555526933), koTtopbliii
MOXeT ObITb CBSi3aH C CMHAPOMOM HacreACTBEHHOW npegpacnonoxeHHocTn Kk PMXK, Bkntoyas cuHapom
JIn — ®dpaymenn.

KnioueBble cnoBa: HacneaCTBeHHbIe MyTauuu, pak MOJIOYHOM Xene3bl, Manble HapoAabl Poccuum, aTHOCHI,
TYBUHLUbI.

Introduction

Breast cancer (BC) is the most common female
malignancy worldwide. Germline alterations are
responsible for early-onset BC or ovarian cancer in
7—-15 % of patients [1]. Next generation sequencing
allows the detection of different types of DNA damage
(not pathogenic, likely not pathogenic, uncertain,
likely pathogenic, pathogenic). The interpretation
of variants of unknown significance (VUS) is still a
major challenge and misunderstanding of them can
lead to serious clinical mistakes for patients and their
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families [2, 3]. Breast cancer-related gene alterations
are known to differ between different ethnic groups.
There are limited data on hereditary BC-associated
mutations in Tuvinian BC patients (0,5 % of the total
population of Russia) [4].

Our previous study was aimed at identifying the
BC-associated mutations in 24 BC patients living in
Siberia (Tuvans) using NGS. Thus, 75 % of patients
with early-onset BC and/or family history had no
clinically relevant mutations (pathogenic mutations).
This study aimed to reclassify the variants of unknown
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significance by using the comprehensive human
proteo-genomics ActiveDriveDB database and
ProteinPaint tool that allow visualization of mutations
in protein.

Material and Methods

The eligibility criteria were as follows: early
age of onset BC and/or family history (2 or more
close relatives with BC) and/or the presence of
synchronous or metachronous multiple primary
tumors [5]. Exclusion criteria included the presence
of well-known BC-associated BRCA gene mutations
(BRCAL1 5382insC, 185delAG, 4153delAG, T300G,
3819delGTAAA, 3875delGTCT, 2080delA and
BRCA2 6174delT).

Blood was collected in blood tubes containing
K2EDTA. Genomic DNA was extracted from the
peripheral blood lymphocytes using the phenol/
chloroform method. DNA library were prepared
using the Hereditary Cancer Solution™ kit (Sophia
GENETICS, Switzerland) to cover 27 genes, such as
ATM, APC, BARDI1, BRCAI, BRCA2, BRIP1, CDH],
CHEK?2, EPCAM, FAM1754, MLHI, MRE11A, MSH?2,
MSH6, MUTYH, NBN, PALB2, PIK3CA, PMS?2,
PMS2CL, PTEN, RAD50, RAD51C, RAD51D, STK11,
TP53,and XRCC?2. Paired-end sequencing (2 x 150 bp)
was conducted using NextSeq 500 system (Illumina,
USA) [6].

Bioinformatics analysis

Sequencing data was analyzed according to the
GATK (Genome Analysis Toolkit) best practice
recommendation for Whole Exome Sequencing using
GRCh37 as areference for Burrows-Wheeler alignment.
The obtained variants were annotated with ANNOVAR
software and ranged according to population frequency
(genomic exome, gnomAD genome, and ExAC),
ClinVar, CADD, and literature data [7-9]. Detected
sequence variants were annotated using PolyPhen2,
Mutation Taster, and SIFT [10-12].

The open-source database is available at https://
www.ActiveDriverDB.org (Ontario Institute for
Cancer Research) and contains more than 385,000
mutations associated with post-translational
modification sites (PTM mutations) and numerous
amino acid substitutions from The Cancer Genome

Atlas, ClinVar and other projects and simulates
site-specific interaction networks of proteins with
upstream enzymes and approved drugs. The VCF files
were aligned to hg19/GRCh37 version of the human
genome. NGS data were further annotated regarding
their position in post-translational modifications sites.
Depending on the location of amino acid substitutions
in the post-translational modification sites, mutations
can be described as direct (central amino acid residue
of the PTM site) or indirect (proximal or distal if
they replace 1-2 or 3—7 amino acid residues from the
nearest PTM site, respectively). An assessment of
the network impact of mutations also was carried out
using ActiveDriverDB. ProteinPaint tool was used
to complement existing cancer genome portals and
provide a comprehensive and intuitive view of cancer
genomic data with advanced visualization features.

Results and Discussion

We report the case of a 44-year-old Tuvinian
woman with breast cancer in early age and family
history (second relatives with stomach cancer). Based
on the NGS data, mutational analysis revealed the
presence of the c.80C>T heterozygous variant in exon
2 of TP53 gene.

First mention about this variant was reported by
S. Kato et al. (2003) [13]. This variant of TP53 gene
was included to International Agency for Research on
Cancer (IARC) TP53 database. The p.P27L variant
(also known as ¢.80C>T), located in coding exon 2
of the TP53 gene, results from a C to T substitution
at nucleotide position 80. The proline at codon 27 is
replaced by leucine, an amino acid with similar proper-
ties. This variant is reported to have deficient transac-
tivation capacity compared to wild type in yeast based
functional assays. In silico prediction for this alteration
is inconclusive. The authors summarized that clinical
significance of this alteration remains unclear.

Data from PubMed and ClinVare database

The mutation NM_001126112.2: ¢.80C>T (HGVS)
of TP53 gene is marked as rs1555526933, position
chr17:7676398 (GRCh38.p13), variation type is SNV,
frequency — none. In ClinVar this variant is reported
as missense variant of unknown or uncertain clinical
significance.

muTation: TPS3 P27L

Isoform: NM_000546
Position: 27

Ref: P

Mutation: L

PTM impact distal

PTM affected: 3

CHK1, ATR, MAPKS, CHEK1, PLK3, PRKAA1,
DAPK3, PRKDC, CDK5, MAPKAPK2, ATM,
CSNK1A1, CHEK2, STK17A, CHK2, CSNK1D,
MAPKS, DAPK1, GSK-3 group, CDK group
GSK3B, CDK9, PRKDC, CDK5, MAPK14, ATM,
CDK7, MAPK12

100 150 200 250 300
Number of amino acid

Fig. 1. Location of the mutation NM_001126112.2: ¢.80C>T (HGVS) of TP53 gene in the post-translational modification site (red arrow)
Pwuc. 1. llokanusauma mytauum NM_001126112.2: ¢.80C>T (HGVS) B reHe TP53 B caviTe NOCTTpaHCAALMOHHON MoandmKaumm (kpac-
Hasi cTpenka)
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Data from human proteo-genomics

ActiveDrive database

Open-source database https://www.ActiveDriverDB.
org (Ontario Institute for Cancer Research) annotates
mutations through the prism of post-translational
modification sites (PTMs). It is well known that after
translation proteins undergo different post-translational
modifications (PTMs) or chemical modifications
(phosphorylation, glycosylation, ubiquitination,
SUMOylation, acetylation, and lipidation) that impact
their activity and function. PTMs influence many
processes in the cell, including protein activation and
degradation, protein-protein interactions, chromatin
organization, development, and signaling pathways
associated with different types of cancers [14].
Mutations at PTM sites could alter sequence motifs
linked by PTM enzymes and can affect signaling
networks. Further, PTMs provide potential sites of
intervention and could be used in precision cancer
therapies [15].

The mutation NM_001126112.2: ¢.80C>T
(HGVS) of TP53 gene is classified by ActiveDriverDB
as post-translational modification mutations with distal
replace, meaning 1-2 or 3—7 amino acid residues
from the PTM site (fig. 1). Moreover, the post-
translational modification site, where this mutation
is located, involves in regulation of numerous
genes such as CHEK1/2, CDK, MAPK, ATM and
others. ActiveDriverDB analysis also suggests that
this substitution of TP53 gene may induce gains of
phosphosites of the four pharmaceutically targetable
kinases.

Data from ProteinPaint tool

The mutation of TP53 gene that was found in
a young Tuvinian breast cancer woman (44-year-
old) was located in codon of gene, where the
pathogenic mutation associated with Li-Fraumeni
syndrome was earlier described (NM_000546.6

(TP53): ¢.77_80delinsAAGAACGT (p.Leu26fs)).
In accordance with db PubMed, the mutation
(NM_000546.6 (TP53):¢c.77_80delinsAAGAACGT(p.
Leu26fs)) of TP53 gene is marked as rs397516438,
chr17:7676398-7676401 position (GRCh38.p13),
frameshift variant type and none frequency. In ClinVar,
this variant is reported as likely-pathogenic for Li-
Fraumeni syndrome and pathogenic for hereditary
cancer-predisposing syndrome [16, 17]. The pS3 gene
mutations described above are located in functionally
specialized transactivation domain that impacts the
transcription of different genes [18].

Li-Fraumeni syndrome belongs to a group of rare
inherited autosomal-dominant disorder or hereditary
diseases (Hereditary cancer-predisposing syndrome)
and is characterized by high genetic and phenotypic
heterogeneity. Li-Fraumeni syndrome is caused by an
inherited (germline) pathogenic variant of the TP53
tumor suppressor gene on chromosome 17. In patients
affected by Li-Fraumeni syndrome, more than 597
germline mutations in the TP53 gene (TP53 Database
(IARC)) have been described. Cancers associated with
Li-Fraumeni syndrome often occur at earlier ages; 80
% of bone and soft-tissue sarcomas and breast cancer
associated with the syndrome occur prior to age 45
[19]. It is known about more than 1000 families with
Li-Fraumeni syndrome from 172 countries. According
to the literature, there is no evidence of ethnic or
geographic disparity in the occurrence of Li-Fraumeni
syndrome, but a high prevalence of it has been reported
in Brazil. The Southern population of Brazil with Li-
Fraumeni syndrome has been associated with a specific
variant of the TP53 (R337H) [20]. The population
of Southern Brazil with this «founder mutation» has
roughly a 60 % lifetime risk of cancers with favorable
survival rates.

There were some limitations in our study. Clinical-
morphological characteristics of the patient and
samples of her relatives were not available for the
analysis, since the material was collected more than
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Fig. 2. Visualization of the mutation NM_001126112.2: c.80C>T (HGVS) of TP53 gene by ProteinPaint tool
Puc. 2. Busyanusaumsa mytauum NM_001126112.2: ¢.80C>T (HGVS) B reHe TP53 ¢ nomMoLpsto nporpammsel ProteinPaint
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10 years ago and was partially lost. Thus, the use
of additional databases (human proteo-genomics
ActiveDriveDB and ProteinPaint) made it possible
to obtain additional important information about
NM 001126112.2: ¢.80C>T mutation of the TP53
gene.
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