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Abstract

Background. Breast cancer (BC) is the most common female malignancy worldwide. Partner And Localizer
of BRCAZ2 gene (PALB2) is directly involved in DNA damage response. Germline mutation in PALB2 has
been identified in breast cancer and familial pancreatic cancer cases, accounting for approximately 1-2%
and 3-4%, respectively. The goal of this report was to describe new PALB2 mutation in a young Yakut
breast cancer patient with family history of cancer. Material and Methods. Genomic DNA were isolated from
blood samples and used to prepare libraries using a capture-based target enrichment kit, Hereditary Cancer
Solution™ (SOPHIA GENETICS, Switzerland), covering 27 genes (ATM, APC, BARD1, BRCA1, BRCA2,
BRIP1, CDH1, CHEK2, EPCAM, FAM175A, MLH1, MRE11A, MSH2, MSH6, MUTYH, NBN, PALB2, PIK3CA,
PMS2, PMS2CL, PTEN, RAD50, RAD51C, RAD51D, STK11, TP53 and XRCC?2). Paired-end sequencing (2
x 150 bp) was conducted using NextSeq 500 system (lllumina, USA). Results. Here we describe a case of
a never-before-reported mutation in the PALB2 gene that led to the early onset breast cancer. We report the
case of a 39-year-old breast cancer Yakut woman with a family history of pancreatic cancer. Bioinformatics
analysis of the NGS data revealed the presence of the new PALB2 gene germinal frameshift deletion
(NM_024675:exon1:c.47delA:p.K16fs). In accordance with dbPubMed ClinVar, new mutation is located in
codon of the PALB2 gene, where the likely pathogenic donor splice site mutation (NM_024675.3:¢c.48+1delG)
associated with hereditary cancer-predisposing syndrome has been earlier described. Conclusion. We found
a new never-before-reported mutation in PALB2 gene, which probably associated with early onset breast
cancer in Yakut indigenous women with a family history of pancreatic cancer.

Key words: germline mutation, breast cancer, Asian ancestry ethnic groups in Russia, Yakut, PALB2.
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AHHOTauus

AkTyanbHOCTb. Pak MONOYHOW Xenesbl 3aHMMaeT NAMpyoLLMe NosunLmm no ypoBHo 3abornesaemMocTn BO
BceM mupe. ['eH oHkocynpeccop PALB2 Hapsgy ¢ Takumu reHamu, kak BRCA1, BRCA2, BoBne4YeH B npo-
ueccbl penapauun nospexaeHHon HK. Yactora BcTpeyaemMocTy repMuHanbHbIX MyTaumm reHa PALB2 npu
pake MOMOYHON Xenesbl U CEMENHbIX CryyYasx paka NnoaxenyaoqHou xenesbl CoCTaBnAeT NpubnmanTenoHo
1-2 % 1 3—4 % cooTBeTCTBEHHO. [1peacTaBneH KNMHNYECKUIN criydan 39-neTHen XKeHLUMHbI, NpUHaanexaLlen K
SIKYTCKOW STHUYECKOM rpyrnne, C AnarHo30M pak MONOYHOM Xernesbl C CEMEVHON NCTOPUEN paka NomKenya04HON
xenesbl. Matepuan n metoabl. l'eHomHas [HK BeigeneHa ns nepudepudeckon kposu, JHK-6ubnmotekn
npuroTaenueanu c ucnorns3osaHvem Habopa Hereditary Cancer Solution™ (Sophia Genetics, LLiBenuapuvs) ons
n3yveHus ctatyca 27 reHos (ATM, APC, BARD1, BRCA1, BRCA2, BRIP1, CDH1, CHEK2, EPCAM, FAM175A,
MLH1, MRE11A, MSH2, MSH6, MUTYH, NBN, PALB2, PIK3CA, PMS2, PMS2CL, PTEN, RAD50, RAD51C,
RAD51D, STK11, TP53 n XRCC2). CekBeHvpoBaHue (2 x 150 n.H.) npoBoAnNoch C UCNornb30BaHWEM cucTe-
mbl NextSeq 500 (lllumina, CLUA). PesynbTaTthbl. [1o pedynstatam 6ronHdopMaTuyeckoro aHanuaa AaHHbIX
NGS y 39-neTHew XeHLWWHbI, NPUHaAnexallemn K sKyTCKON 3THUYECKON rpymnne, ¢ AMarHo30M pak MOSOYHOM
Xenesbl C CeMeVHOW CTopUel paka noaxXenyao4How xenesbl obHapyXeHa HoBasi repMuHanbHas MyTaums
reHa PALB2 co casurom pamku cuutbiBaHusa (NM_024675: Exon1: c.47delA: p.K16FS). B cootBeTcTBUM C
dbPubmed ClinVar HoBasi myTauus reHa PALB2 pacnonoxeHa B TOM e KOOOHe, rae paHee bbina onvcaHa,
BEPOATHO MaToreHHas, myTauus canta cnnancuHra (NM_024675.3: Exon1: c.48+1delG), BoBneyeHHas B
naToreHes HacrneacTBeHHbIX (POPM paka MOSIOYHOM Xenesbl U audHuKa. 3akntoyeHue. Bnepsble y 39-neTHen
XEHLLMHbI, MPUHaAnexaLlen K sKkyTCKOM 3THUYECKON rpynne, C AMarHo30M pak MOIOYHOM Xenesbl 1 C CEMENHON
ncTopuen paka nogxenyao4Hon xenesbl 06HapyxeHa HoBasi, BEPOSITHO NaToreHHas, repMuHanbHas mytaums
reHa PALB2 co casurom pamku cuntbiBaHmsa (NM_024675: Exon1: c.47delA: p.K16FS).

KnioyeBble croBa: HacneAcTBeHHbIe MyTaLMW, pak MONMOYHOW Xene3bl, 3THocbl Poccun asnarckoro
NpoucxoXxaeHus, AkyTbl, PALB2.

Introduction cancers [1]. DNA damage response genes, such as
Breast cancer (BC) is the most common female = ATM, BRIPI, CDHI, CHEK2, NBN, NF1, PALB2,
malignancy worldwide. BRCAI and BRCA2 are  RADS5IC, RAD51D and others are also involved in a
the most widely known breast cancer susceptibility  significant number of hereditary breast and ovarian
genes. However, mutations in BRCA1/2 genes ac-  cancer syndromes. Cancer genetic advances allow
count for no more than half of all hereditary breast  identification of new mutations associated with breast
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cancer (BC). Next generation sequencing allows detec-
tion of DNA damage of five levels of pathogenicity:
not pathogenic, likely not pathogenic, uncertain, likely
pathogenic, and pathogenic. The interpretation of new
variants is a major challenge, and its misinterpretation
can lead to serious clinical mistakes for patients and
their families [2, 3]. In addition, given the fact that
BRCA gene mutations are ethnospecific, the search and
interpretation of new mutations remains open for little-
studied populations. For example, there are no reports
concerning hereditary BC associated mutations in BC
patients from Yakut ethnic group of Asian ancestry
living in of the Far North. The Yakuts (Sakha) are a
unique indigenous Turkic ethnic group who lives in the
Republic of Sakha, which is the largest and coldest re-
gion of the Russian Federation (permafrost zone) (Fig.
1). The Yakuts make up about half of the Republic of
Sakha population, the population of Yakutsk is about
330,000 (2020) on the 122 sq. km [4].

Results of a comprehensive assessment of breast
cancer incidence among indigenous peoples and new-
comers in Sakha Republic (Yakutia) were presented
by L.F. Pisareva et al. (2007) and M.P. Kirillina et al.
(2012) [5, 6]. The breast cancer incidence was found to
decrease among indigenous peoples, whereas it tended
to increase among newcomers. The breast cancer inci-
dence rate was higher in nonindigenous residents of the
Sakha Republic (Yakutia) than in representatives of the
indigenous population (60 vs 40%). The disease was
more common in women aged 50-59 years (32.6 %)
and 60—69 years (21.8 %), regardless of ethnicity. The
data obtained point to the most informative criteria for
breast tumor malignancy: low expression of estrogen
and progesterone receptors, high expression of Ki67
and p53, and low expression of bel-2. In the published
literature there are no data on the frequency of occur-
rence of BRCA 1/2 gene mutations among patients with
breast cancer of the Yakut ethnic group.

The goal of this report was to describe new PALB?2
mutations in a young Yakut breast cancer patient with
family history of cancer.

Material and Methods

The eligibility criteria were as follows: early age
of onset and/or family history (2 or more close rela-
tives with BC) and/or the presence of synchronous or
metachronous multiple primary tumors [7]. Exclusion
criteria included the presence of well-known BC-
associated BRCA gene mutations.

Blood was collected in blood tubes containing
K2EDTA. Genomic DNA was extracted from the
peripheral blood lymphocytes using the phenol/chlo-
roform method. DNA /ibrary were prepared using the
Hereditary Cancer Solution™ kit (Sophia GENETICS,
Switzerland) to cover 27 genes, such as ATM, APC,
BARDI, BRCAI, BRCA2, BRIPI, CDHI, CHEK?,
EPCAM, FAM1754, MLHI, MRE11A4, MSH2, MSH6,
MUTYH, NBN, PALB2, PIK3CA, PMS2, PMS2CL,
PTEN, RAD50, RAD51C, RAD51D, STK11, TP53,
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Fig. 1. Republic of Sakha is a federal subject of Russia
Puc. 1. Pecny6nuka Caxa fAkyTtus — cybbekt Poccuiickoi
denepauumn

and XRCC2. Paired-end sequencing (2 x 150 bp)
was conducted using NextSeq 500 system (Illumina,
USA) [8].

Bioinformatics analysis

Sequencing data were analyzed according to the
GATK (Genome Analysis Toolkit) best practice rec-
ommendation for Whole Exome Sequencing using
GRCh37 as a reference for Burrows-Wheeler align-
ment. The obtained variants were annotated with AN-
NOVAR software and ranged according to population
frequency (genomic exome, gnomAD genome, and
ExAC), ClinVar, CADD, and literature data [9—11].
Detected sequence variants were annotated using
PolyPhen2, Mutation Taster, and SIFT [12-14].

ProteinPaint tool was used to complement existing
cancer genome portals and provide a comprehensive
and intuitive view of cancer genomic data with ad-
vanced visualization features (https://pecan.stjude.
cloud/proteinpaint).

Results and Discussion

We report the case of a 39-year-old Yakut woman
with invasive ductal carcinoma in the left breast, with
a family history of cancer (mother with pancreatic
cancer). Immunohistochemistry testing detected
estrogen receptor (0), progesterone receptor (0), and
positive HER2 (+). After 10 years of follow-up, she is
alive with no evidence of disease progression.

Based on the NGS data, mutational analysis
revealed the presence of the new germinal frameshift
deletion (NM_024675:exonl:c.47delA:p.K16fs) in
exon 1 of PALB2 gene (Fig. 2).

In accordance with dbPubMed ClinVar, a new
mutation is located in codon of the PALB2 gene,
where the likely pathogenic donor splice site
mutation (NM_024675.3:¢.48+1delG) associated with
hereditary cancer-predisposing syndrome has been
earlier described. The c¢.48+1delG intronic variant
results from a deletion of one nucleotide within
intron 1 of the PALB2 gene. This rare variant was not
reported in population based cohorts in the databases
as Database of Single Nucleotide Polymorphisms
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Fig. 2. Visualization of the position of germinal frameshift deletion (NM_024675:exon1:c.47delA:p.K16fs) in the PALB2 gene by
ProteinPaint tool (hg19)
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(dbSNP), NHLBI Exome Sequencing Project (ESP),
and 1000 Genomes Project and the NHLBI GO Exome
Sequencing Project (ESP). This likely pathogenic
donor splice site mutation has been detected with an
allele frequency of approximately 0.001 % (more than
130000 alleles tested). In accordance to the BDGP
and ESEfinder splice site prediction tools, it was
reported that this alteration was predicted to destroy
the native splice donor site. A splice site mutation is
a genetic mutation that inserts and deletes or changes
a number of nucleotides in the specific site at which
splicing takes place during the processing of precursor
messenger RNA into mature messenger RNA.

Thus, a new mutation of the PALB2 gene
(NM_024675:exonl:c.47delA:p.K16fs) is located
in a donor splice site. In accordance to ACMG
Recommendations, alterations that disrupt the
canonical splice donor site are typically deleterious in
nature [15]. However, direct evidence is unavailable.
In our study, this variant was classified by us as
likely pathogenic, taking into account the early-
onset BC woman with a family history of pancreatic
cancer. Moreover, our data are consistent with those
published in Gastroenterology Journal in 2009 and
Fam Cancer Journal in 2011 and others [16, 17]. M.D.
Tischkowitz et al. (2009) found that the prevalence of
PALB2 mutation does not exceed 1 % in patients with
pancreatic cancer not selected by family history. S.
Jones et al. (2009) and E.P. Slater et al. (2010) found
an overall prevalence of 3.1 % of PALB2 mutation
in patients with familial pancreatic cancer [18, 19].
Thus, PALB2 gene mutations appear to be prevalent
in patients with a family history of pancreatic cancer.
E.W. Hofstatter et al. (2011) reported that PALB?2
mutations occur with a prevalence of 2.1 % in a
population of BRCA 1/2-negative breast cancer patients
specifically selected for a personal and/or family
history of pancreatic cancer [16, 17].

Partner And Localizer of BRCA2 gene (PALB?2) is

CUBUPCKIY OHKONOTMYECKW XXYPHAT. 2022; 21(4): 72-79

directly involved in DNA damage response. Germline
mutations in PALB2 have been identified in breast
cancer and familial pancreatic cancer cases, accounting
for approximately 1-2 % and 3—4 %, respectively
[20]. It is well known that homologous recombination
(HRR) genes, such as ATM, BRIPI1, CDHI, CHEK?2
and others are involved in a significant number of
hereditary breast and ovarian cancer syndromes [21].
Hereditary Breast and Ovarian Cancer Syndrome
associated with BRCA1/2 mutations is the most
common hereditary cancer syndrome. Patients who
carry a mutation in BRCA 1/2 genes are well respond to
platinum chemotherapy (cisplatin) or PARP inhibitors
(PARP1). The identification of molecular alterations in
homologous recombination (HRR) genes is an area of
active research to expand the use of PARPi. Several
studies are ongoing to evaluate the efficacy of PARPi
(ClinicalTrials.gov identifiers: NCT02401347 and
NCTO03330847) in women with germline or somatic
mutations in HRR pathway genes including PALB2.
T. Grellety et al. (2020) reported on the effective
PARPi treatment of a PALB2-deficient breast cancer
in a 42-year-old woman [22]. In our study, we
report the case of a 39-year-old Yakut woman with a
family history of pancreatic cancer and new detected
likely pathogenic germinal mutation of PALB2 gene
(NM_024675:exonl:c.47delA:p.K16fs). In the case
of disease progression, the patient may be considered
for the appointment of PARP inhibitors.

Conclusion

This report is the first to describe the new germinal
frameshift deletion (NM_024675:exonl1:c.47delA:p.
K16fs) in the PALB2 gene in a Yakut BC patient with
young-onset and familial BC. This mutation likely
can be associated with Hereditary Breast and Ovarian
Cancer Syndrome. Further studies are required to
confirm pathogenicity of new frameshift mutation of
the PALB2 gene in Yakut breast cancer patients.
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MoJiokoB Anexceii FOpbeBHY: IpOBEICHUE TCHETHIECKOTO TECTHPOBAHUSL, OMOMH(OPMATHIECKHH aHATIN3 TAaHHBIX BHICOKOIIPOU3BO-
JUTEIHHOTO CeKBEHUPOBAHMS.

3apyoun Asekceil AHApeeBHY: OMOMH()OPMATHUECKHN aHAIN3 JAHHBIX BEICOKOIPOM3BOJUTEILHOTO CeKBEHUPOBAHUSL.

HBanoBa Anna AjlekcaHapoBHa: cOop Onomarepuana ¥ HHGOPMALUHK O TTAIIUEHTKE, IIPOBECHIE TeHETHIECKOTO TECTHPOBAHUSL.
Tuxonos JImutpuii FaBpuiabeBu4: obiee pyKOBOACTBO IPOSKTOM, aHAIN3 PE3YIBTaTOB HAYYHOH pabOThl, KpUTHIECKUH IIEpecMOTp
C BHECCHHEM [IEHHOTO HHTEIUICKTYaIbHOTO COAEPKAHMSA, Pa3pad0OTKa KOHIICIIINY HAyIHOH PabOTEL
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