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Abstract

Background. Breast cancer (BC) is the most common female malignancy worldwide. Partner And Localizer 
of BRCA2 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 XRCC2). Paired-end sequencing (2 
× 150 bp) was conducted using NextSeq 500 system (Illumina, 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.
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Аннотация

Актуальность. Рак молочной железы занимает лидирующие позиции по уровню заболеваемости во 
всем мире. Ген онкосупрессор PALB2 наряду с такими генами, как BRCA1, BRCA2, вовлечен в про-
цессы репарации поврежденной ДНК. Частота встречаемости герминальных мутаций гена PALB2 при 
раке молочной железы и семейных случаях рака поджелудочной железы составляет приблизительно 
1–2 % и 3–4 % соответственно. Представлен клинический случай 39-летней женщины, принадлежащей к 
якутской этнической группе, с диагнозом рак молочной железы с семейной историей рака поджелудочной 
железы. Материал и методы. Геномная ДНК выделена из периферической крови, ДНК-библиотеки 
приготавливали с использованием набора Hereditary Cancer Solution™ (Sophia Genetics, Швейцария) для 
изучения статуса 27 генов (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 и XRCC2). Секвенирование (2 × 150 п.н.) проводилось с использованием систе-
мы NextSeq 500 (Illumina, США). Результаты. По результатам биоинформатического анализа данных 
NGS у 39-летней женщины, принадлежащей к якутской этнической группе, с диагнозом рак молочной 
железы с семейной историей рака поджелудочной железы обнаружена новая герминальная мутация 
гена PALB2 со сдвигом рамки считывания (NM_024675: Exon1: c.47delA: p.K16FS). В соответствии с 
dbPubmed ClinVar новая мутация гена PALB2 расположена в том же кодоне, где ранее была описана, 
вероятно патогенная, мутация сайта сплайсинга (NM_024675.3: Exon1: c.48+1delG), вовлеченная в 
патогенез наследственных форм рака молочной железы и яичника. Заключение. Впервые у 39-летней 
женщины, принадлежащей к якутской этнической группе, с диагнозом рак молочной железы и с семейной 
историей рака поджелудочной железы обнаружена новая, вероятно патогенная, герминальная мутация 
гена PALB2 со сдвигом рамки считывания (NM_024675: Exon1: c.47delA: p.K16FS).

Ключевые слова: наследственные мутации, рак молочной железы, этносы России азиатского 
происхождения, якуты, PALB2.

Introduction
Breast cancer (BC) is the most common female 

malignancy worldwide. BRCA1 and BRCA2 are 
the most widely known breast cancer susceptibility 
genes. However, mutations in BRCA1/2 genes ac-
count for no more than half of all hereditary breast 

cancers [1]. DNA damage response genes, such as 
ATM, BRIP1, CDH1, CHEK2, NBN, NF1, PALB2, 
RAD51C, RAD51D and others are also involved in a 
significant number of hereditary breast and ovarian 
cancer syndromes. Cancer genetic advances allow 
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 bcl-2. In the published 
literature there are no data on the frequency of occur-
rence of BRCA1/2 gene mutations among patients with 
breast cancer of the Yakut ethnic group. 

The goal of this report was to describe new PALB2 
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 library were prepared using the 
Hereditary Cancer SolutionTM kit (Sophia GENETICS, 
Switzerland) to cover 27 genes, such as 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 XRCC2. Paired-end sequencing (2 × 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:exon1: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:c.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 

Fig. 1. Republic of Sakha is a federal subject of Russia
Рис. 1. Республика Саха Якутия – субъект Российской 

Федерации
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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)

Рис. 2. Визуализация местоположения новой мутации (NM_024675:exon1:c.47delA:p.K16fs) в гене PALB2 с помощью программы 
ProteinPaint (hg19)

(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:exon1: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 PALB2 
mutations occur with a prevalence of 2.1 % in a 
population of BRCA1/2-negative breast cancer patients 
specifically selected for a personal and/or family 
history of pancreatic cancer [16, 17]. 

Partner And Localizer of BRCA2 gene (PALB2) is 

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, BRIP1, CDH1, CHEK2 
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 BRCA1/2 genes are well respond to 
platinum chemotherapy (cisplatin) or PARP inhibitors 
(PARPi). 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 
NCT03330847) 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:exon1: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:exon1: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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