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Abstract

Background Breast cancer (BC) is the most common malignancy among Iranian females, accounting for 24.4% of
all malignancies. Germ line mutations in DNA repair system-related genes are associated with an increased risk of
BC. This study aims to evaluate the frequencies of single nucleotide polymorphisms (SNPs) in the BRCA1, BRCA2, and
PALB2 genes in patients with BC from a subset of the Iranian population in the western part of Iran.

Methods Blood samples were collected from 335 patients with BC and 354 healthy matched volunteers. Genomic
DNA was extracted using the salting-out method and, after quality control, was genotyped using the multiplex
TagMan allelic discrimination assay for three SNPs: rs80359550 (6174 delT) in the BRCA2 gene, rs180177102 in the
PALB2 gene, and rs386833395 (185delAG) in the BRCA1 gene. Statistical analysis was performed to examine allele
frequency, odds ratio, and relative risk (genetic association) in a retrospective case-control study.

Results The data showed no association between rs386833395 and BC risk in the studied population (odds ratio=1),
whereas rs80359550 and rs180177102 polymorphisms were strongly associated with BC risk in patients (odds
ratio=0.01 for both, with p-values of 0.011 and 0.021, respectively).

Conclusions Our findings suggest no significant association between the rs386833395 polymorphism and BC risk in
the Iranian Kurdish population, while rs80359550 and rs180177102 polymorphisms were strongly associated with BC.
However, the study has several limitations, including its retrospective design, a relatively small sample size, and the
potential lack of generalizability to other ethnic groups within Iran. Future studies involving larger cohorts and more
diverse populations are needed to confirm these results.
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Introduction

Breast cancer (BC) is the most commonly diagnosed
cancer among females and remains the leading cause of
cancer-related deaths worldwide [1]. In 2018, over 2 mil-
lion new BC cases were recorded globally, with projec-
tions estimating this number will reach 3.2 million by
2050 [2, 3]. In Iran, BC is also the most prevalent can-
cer among females, accounting for 24.4% of all cancer
cases. Its incidence rate varies significantly by race, eth-
nicity, and geographic region [4]. BC is a heterogeneous
disease influenced by a range of factors, including age,
environmental exposures, hormonal status, lifestyle,
family history, and genetic factors [4]. Early identifica-
tion of genetic markers associated with BC susceptibility
is a critical area of cancer genetics research [5]. Genetic
polymorphisms have been identified as significant con-
tributors to BC susceptibility, and various studies have
investigated the association of single nucleotide poly-
morphisms (SNPs) in genes involved in BC develop-
ment. For example, research on the HOTAIR gene has
shown that specific polymorphisms, such as rs920778
and rs12826786, are significantly linked to breast cancer
susceptibility and clinicopathological features in Turkish
populations [6, 7]. Additionally, SNPs in other genes, like
hTERT, have been explored in relation to BC risk, further
enhancing our understanding of the genetic basis of BC
susceptibility [8]. These findings underscore the impor-
tance of studying genetic variations in diverse popula-
tions to better understand their role in BC risk.

Germ line mutations account for 5-10% of all BC
cases and approximately 30% of familial BC cases in
well-known BC susceptibility genes, such as BRCA1
and BRCA2, with frequency varying by ethnicity [9].
These genes are critical in the repair of double-strand
breaks (DSB) through the non-homologous end-join-
ing (NHEJ) and homologous recombination (HR) DNA
repair pathways [10]. Proteins involved in the HR path-
way, such as Ataxia telangiectasia mutated (ATM),
ATR, and BRCA1/2, play essential roles in detecting
and repairing DNA damage [11]. HR pathway involves
proteins that can diagnose broken ends such as Ataxia
telangiectasia mutated (ATM), ataxia-telangiectasia,
and Rad3 related (ATR) and repair DNA damages such
as BRCA2 and BRCA1 [11, 12]. PALB2, a key mediator
in the HR pathway, forms protein-protein interactions
with BRCA2 and other repair proteins to facilitate DNA
repair [9, 13]. Polymorphisms in these genes, which
affect their expression and/or function, can influence
BC risk [4]. Previous studies have shown that SNPs in
BRCA1, BRCA2, and PALB2 genes are associated with
BC risk [14]. The frequency of these SNPs varies across
different populations, depending on ethnic background,
highlighting the need to investigate their prevalence in
diverse populations [15-17]. To date, there is limited
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data on the mutation frequencies of BRCA1, BRCA2,
and PALB2 in BC patients from the western part of Iran.
This study aims to investigate the frequencies of the
BRCA2 (rs80359550), PALB2 (rs180177102), and BRCA1
(rs386833395) SNPs in both BC patients and healthy
individuals from the Kurdish population in Kermanshah
province, Iran.

Materials and methods

Population study

In this study, 335 women with confirmed breast cancer,
aged 23 to 79 years, were included. All patients were
enrolled in 2017, with 218 patients from Imam Reza
Hospital in Kermanshah, Iran, whose diagnoses were
based on standard clinical and histopathological data
reported in their medical records. The study also ran-
domly included 354 age-matched, cancer-free controls
without a family history of cancer or underlying disor-
ders, who visited the same hospital for regular physical
examinations.

The sample size of 335 breast cancer patients and 354
healthy controls was determined based on previous stud-
ies on genetic associations with breast cancer. Given the
expected minor allele frequencies of the SNPs under
investigation and a moderate effect size (OR=1.5), this
sample size was deemed sufficient to detect statisti-
cally significant associations with a reasonable degree
of power. Demographic and clinical data, including age,
family history of breast cancer, tumor histology, tumor
stage and grade, number of children, estrogen receptor
(ER), progesterone receptor (PR), HER2, and P53 sta-
tus, were obtained for each participant from archived
medical records. All patients and control participants
were residents of Kermanshah and of Kurdish ethnic-
ity. Ethical approval for the study was obtained from the
Ethics Committee of Kermanshah University of Medi-
cal Sciences, and informed consent was provided by all
participants.

DNA extraction

Five milliliters of peripheral blood samples were obtained
from both the breast cancer patients and control individ-
uals, collected in EDTA tubes. Genomic DNA was then
isolated from the blood nucleated cells using a salting-
out method according to standard protocols [18]. All
extracted DNA samples were stored at —20 °C until they
were used for genotyping analysis.

SNP genotyping

Genotyping of three SNPs, rs386833395 (BRCA1 gene),
rs80359550 (BRCA2 gene), and rs180177102 (PALB2
gene), was performed using the multiplex TagMan allelic
discrimination assay (Applied Biosystems, USA) with
SDS version 2.3 software. Polymerase chain reaction
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Table 1 The primer and probe sequences

rs80359550 (B) rs180177102 (A) rs386833395
Forward primer ACGATTCACATAAGGTTTTTGC CTAAAGTCAGCTCTCCCGCT GGACGTTGTCATTAGTTCTTTGGT
Reverse primer TGTCTTGCGTTTTGTAATGAAGCA CGTGCTGATATTTGTGTGAGGT TTCCCGGACCACAGGATTTG

Probe 1
Probe2

AGCACAGCAAGTGGAAAATCTGTCCA
AGCACAGCAAGGGAAAATCTGTCCA

ATCATTGTGAACCACTTTTGCCAAC
ATCATTGTGAACCACTTTGCCAAC

GCAGAAAATCTTAGAGTGTCCCATC
GCAGAAAATCTTTGTCCCATC

Table 2 Demographic and pathologic characteristics of breast
cancer patients

Controls (n=354) Patients (n=375)

n(%) n (%)

Age of onset (Mean+S.D) 522+104 496 +13.2
Race Kurdish Kurdish
Family history -

Yes 204 (54.4%)

No 171 (45.6%)
Tumor histology: -

Ductal 327 (97.6%)

Lobular 8(2.3%)
Clinical stage: -

Stages |-l 228 (68%)

Stages IlI-IV 107 (31.9)
LN grade: -

0 102 (30.4%)

1 55 (16.4%)

2 59 (17.6%)

>=3 120 (35.8%)
Number of Children: -

0 4

1 32

2 91

>=3 204
Metastasis: -

Yes 62 (16.5%)

No 313 (83.4%)
Recurrence: -

Yes 21 (5.6%)

No 354 (94.4%)

(PCR) reactions were conducted in a total volume of 25
pL, containing specific TagMan® Genotyping Assays
(Applied Biosystems, USA), TagMan® Universal PCR
Master Mix, and 1-10 ng of genomic DNA. The ther-
mal cycling conditions for amplification included an ini-
tial denaturation step at 92 °C for 10 min, followed by 45
cycles of 30 s at 92 °C, 45 s at 60 °C, and 1 min at 72 °C.

Statistical analysis

The odds ratio (OR) with 95% confidence intervals (95%
CI) was used to assess the association between BRCAI,
BRCA2, and PALB2 polymorphisms and the risk of
breast cancer (BC) in both patients and healthy controls,
as calculated according to the Altman guide [19]. The
Chi-square goodness-of-fit test was employed to evaluate
deviations in allelic frequencies from Hardy-Weinberg

equilibrium (HWE), expressed as p* + 2pq+q* = 1. An
odds ratio close to 1 indicates no significant risk asso-
ciated with the disease. Multiple inheritance models
(including co-dominant, dominant, recessive, over domi-
nant, and log-additive models) were applied to assess the
significance of each genotype. Statistical analysis was
conducted using GraphPad Prism version 8.0.2 for Win-
dows (GraphPad Software, San Diego, California, USA;
www.graphpad.com), and a two-sided p-value of less than
0.05 was considered statistically significant (Table 1).

Results

Demographic and clinical profile

A total of 335 breast cancer (BC) patients and 354 healthy
controls from an Iranian population with similar ethnic
backgrounds were included in this study. The mean age
of BC patients was 46.6 +23.2 years, while the mean age
of controls was 52.2+10.4 years. The demographic and
pathological characteristics of the BC patients, including
tumor histology, stage, and tumor behavior, are summa-
rized in Table 2. Approximately 54% of the BC patients
had a family history of cancer, and 97.6% had a ductal
histological subtype. Of the patients, 228 (68%) were
in stages I-II, while 107 (31.9%) were in stages III-IV
(Table 2).

Molecular histopathological markers

The distribution of molecular and histopathological
markers in breast cancer patients is presented in Table 3.
More than half of the patients were diagnosed as HER2-
positive. Additionally, 67.1%, 71.6%, 94%, and 59.1% of
the breast cancer patients tested positive for estrogen
receptor (ER), progesterone receptor (PR), Ki-67, and p53
status, respectively (Table 3).

SNP associations
Genotypes were detected using a TagMan® probe-based
assay on multiplex PCR (Fig. 1). Three single nucleotide
polymorphisms (SNPs)—BRCA1/rs386833395, BRCA2/
rs80359550, and PALB2/rs180177102—were genotyped
simultaneously in 335 breast cancer (BC) patients and
354 healthy controls, with the distribution of these SNPs
shown in Table 4.

Our analysis found that the rs386833395 polymor-
phism in BRCA1l was not detected in either the BC
patients or the healthy controls.
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Table 3 Molecular histopathological markers
Patients (n=375) n (%)

HER2:
Positive 184 (54.9%)
Negative 1571 (45%)
ER status:
Positive 225 (67.1)
Negative 110(32.8)
PR status:
Positive 240 (71.6)
Negative 95(28.3)
Ki-67 status:
Positive 315 (94.0)
Negative 19 (5.7)
P53 status:
Positive 198 (59.1)
Negative 136 (40.5)

HER2 Human epidermal growth factor receptor 2, ER the estrogen receptor,
PR progesterone receptor
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For the BRCA2 gene, genotyping of the rs80359550
polymorphism revealed that the mutant genotype (T-)
was present in 1% of the patient group, while no muta-
tion was detected in the healthy control group (Table 4).
Similarly, for the rs180177102 polymorphism, the mutant
allele was found in 0.01 of the BC patients, with no detec-
tion in the healthy control group.

To assess the association of these variants with BC
risk, we calculated the Odds Ratio (OR) and Rela-
tive Risk (RR). No association was observed between
rs386833395 and BC risk in either group, as no varia-
tion was identified in either the patients or the controls
(OR=1.0; p-value=1.0). However, our results demon-
strated that the rs80359550 and rs180177102 polymor-
phisms were strongly associated with an increased risk of
developing breast cancer (OR =0.000, RR =0.48 for both;
p-values=0.011 and 0.021, respectively) in the studied
population (Table 4).

Discussion

In our study, we observed that the rs80359550 polymor-
phism in BRCA?2 was strongly associated with breast can-
cer risk in the western population of Iran. These findings
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Fig. 1 Melt curves derived from Tagman allelic discrimination assay revealed single nucleotide variations in rs180177102 (A), rs80359550 (B), and

rs386833395 (C)
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Table 4 Variant frequencies of rs80359550, rs180177102 and rs386833395 polymorphisms and their association with breast cancer

Allele frequency Mutant allele frequency  Chi-square value  Odds ratio 95% CI Relative Risk Z P-value
rs80359550 0.004 6.396 0.000 0.000t0 0659 048 2529 00N
(6174delT; BRCA2)

rs180177102 0.002 4322 0.000 0.000t0 0.630 048 2.30 0.021
(c.1592delT; PALB2)

rs386833395 0 1.0 (reference)  0.02 to 53.40 1.0 (reference)  0.028 1.0 (reference)

185delAG (BRCAT1)

align with other studies, including those by Bayram et
al. [6], who found significant associations between the
HOTAIR rs920778 polymorphism and BC susceptibil-
ity in Turkish populations [6]. Similarly, Bayram et al.
[7] identified the rs12826786 C>T polymorphism in
HOTAIR as a key factor in BC risk and clinicopathologi-
cal features in another Turkish cohort [7]. These studies
further underline the role of genetic polymorphisms in
shaping individual susceptibility to BC.

In contrast, we did not detect any association between
the rs386833395 polymorphism and BC risk in our study
population. This lack of association is similar to the find-
ings of a Turkish study by Aydin et al. [8], which inves-
tigated the role of hTERT gene polymorphisms in BC
risk. Although this study did not find any significant links
between hTERT polymorphisms and BC risk, it supports
the notion that genetic associations can vary significantly
across different populations [8].

The current study aimed to examine the role of specific
polymorphisms in breast cancer risk, focusing on the
association between three SNPs—rs4135113, rs4135050,
and rs4135066—and BC risk in a very selective sub-
set of the Iranian population. According to our data,
the rs80359550 and rs180177102 polymorphisms were
strongly associated with BC risk in the western popu-
lation of Iran. However, no detectable association was
found for rs386833395, as the mutation was not observed
in either the patient or control groups.

Breast cancer is considered one of the most significant
challenges for healthcare systems, with the number of
new BC cases increasing worldwide [3]. Late diagnosis
is a major contributor to the high mortality rate among
these patients [5]. Given the differences among popula-
tions based on ethnicity and geographic region, a spe-
cific genetic marker panel would facilitate early diagnosis
for populations at genetic risk for BC [19] Many studies
have reported the importance of genetic polymorphisms
in an individual’s susceptibility to BC [20]. Germ line
pathogenic variants in DNA repair system genes, such as
PALB2, BRCA1, and BRCA2, are correlated with high BC
risk [9, 14]. The BRCA1 and BRCA2 genes play a crucial
role in double-stranded DNA break repair in response
to DNA damage, and germ line mutations in these genes
are commonly observed in BC [9, 21, 22]. The prevalence
of the 185delAG mutation in BRCA1 and the 6174delT

mutation in BRCA2 varies considerably across ethnic
populations [9]. Mutation screening in these genes aids
in identifying individuals who carry pathogenic variants
and are at high risk for developing BC [23].

In our study, we examined the breast cancer suscepti-
bility associated with two SNPs in BRCA1 (rs386833395)
and BRCA2 (rs80359550) through a case-control study
involving 335 BC patients and 354 healthy controls. We
found a stronger association of rs80359550 with breast
cancer development compared to previous reports
[24]. In contrast, a Turkish study indicated that the
rs386833395 polymorphism is not common in the Turk-
ish population with early-onset BC [25]. However, as
noted earlier, our results showed a strong association for
rs80359550. In another Iranian study, the frequency of
the 185delAG (rs386833395) mutation in BRCA1 and the
6174delT (rs80359550) mutation in BRCA2 was exam-
ined to assess their impact on BC risk. This study, which
included 200 healthy controls, 250 sporadic BC cases,
and 55 familial BC cases from southern Iran, found that
these variants had a lower frequency in southern Iranian
BC patients [26].

Like BRCA1 and BRCA2, the PALB2 gene is one
of the ten genes associated with BC risk, with a fre-
quency of 0.7 —1.1% in familial BC cases [27]. PALB2
encodes a protein that binds and forms a multi-protein
complex with BRCA2 and BRCALI, facilitating DNA
repair in the homologous recombination pathway [28,
29]. Any germ line variant in the PALB2 gene that
leads to an incomplete protein can impair the double-
strand break repair system, increasing BC risk [28, 29].
Over the past two decades, population-based stud-
ies have indicated that pathogenic variants in PALB2
account for approximately 0.83-2% of familial BC
cases in Spanish and African populations [30-32].
Our study provides evidence that the PALB2 polymor-
phism, rs180177102, is strongly associated with BC
risk (OR=0.012). (OR =0.012).

This study has several limitations that should be
acknowledged. While the sample size is significant, it
may still limit the generalizability of the findings, par-
ticularly for low-frequency polymorphisms. Addition-
ally, the study focused solely on a subset of the Iranian
Kurdish population, which may not reflect the genetic
diversity of other populations. The investigation was
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restricted to a limited number of SNPs and did not
include other potential genetic variants or functional
analyses to elucidate biological mechanisms. Environ-
mental and lifestyle factors were not considered, and
the case-control design may introduce biases. More-
over, breast cancer subtype-specific analyses were not
conducted, which could have provided more detailed
insights into genetic predispositions for different
forms of the disease. Future studies should address
these gaps by expanding the sample size, genetic scope,
and considering additional factors such as the environ-
ment and cancer subtypes.

Conclusion

The Multiplex Tagman assay for the rs80359550
(BRCA2) and rs180177102 (PALB2) variants has
shown a strong correlation with breast cancer risk.
However, no association was observed between the
rs386833395 variant of BRCA1 and BC susceptibility
in the studied Iranian subpopulation. Sensitivity and
specificity analysis revealed that both the rs80359550
and rs180177102 variants could be highly beneficial for
breast cancer diagnosis. High-throughput studies are
necessary to discover more effective and/or founder
effect polymorphisms in the cohort of interest. It is
important to note that no other similar study has been
published on the frequency of the studied polymor-
phisms and BC risk in such a large cohort of the Ira-
nian population to date. Nevertheless, this study leaves
room for future research to expand and strengthen
epidemiological studies by using larger sample sizes.

Acknowledgements

The authors would like to thank all the participants and the staff of Imam
Reza Hospital for their kind collaboration during this study. The authors also
sincerely acknowledge the Clinical Research Development Center of Imam
Reza Hospital, Kermanshah University of Medical Sciences, Kermanshah, Iran,
for supporting this study with approval number 96259, and for providing the
clinical data and samples necessary for the study.

Authors' contributions

All authors contributed to the study conception and design: Sepideh
Jahangiri, Mozaffar Aznab. Material preparation; Sepideh Jahangiri, Zahra
Abdan. Data collection: Zahra Abdan, Ali Souroush. Analysis were performed
by: Sepideh Jahangiri, Mozaffar Aznab, Massoud Houshmand. All authors
read and approved the final manuscript. | declare that the authors have no
competing interests.

Funding
This study was generously funded by Kermanshah University of Medical

Sciences, Kermanshah, Iran, under approval number 96259.

Data availability
No datasets were generated or analysed during the current study.

Declarations

Competing interests
The authors declare no competing interests.

Page 6 of 7

Received: 15 November 2024 / Accepted: 24 March 2025
Published online: 29 March 2025

References

1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2020. CA Cancer J Clin.
2020;70(1):7-30.

2. Momenimovahed Z, Salehiniya H. Epidemiological characteristics of and risk
factors for breast cancer in the world. Breast Cancer. 2019;11:151.

3. Bray F, Ferlay J, Soerjomataram |, Siegel RL, Torre LA, Jemal A. Global cancer
statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide
for 36 cancers in 185 countries. Cancer J Clin. 2018:68(6):394-424.

4. Mehrgou A, Akouchekian M. The importance of BRCA1 and BRCA2 genes
mutations in breast cancer development. Med J Islamic Repub Iran.
2016;30:369.

5. Afsharzadeh SM, Ardebili SMM, Seyedi SM, Fathi NK, Mojarrad M. Association
between rs11614913, 153746444, rs2910164 and occurrence of breast cancer
in Iranian population. Meta Gene. 2017;11:20-5.

6. Bayram S, SUmbul AT, Batmaci CY, Geng A. Effect of HOTAIR rs920778 poly-
morphism on breast cancer susceptibility and clinicopathologic features in a
Turkish population. Tumor Biol. 2015;36:3863-70.

7. Bayram S, Sumbdl AT, Dadas E. A functional HOTAIR 512826786 C>T
polymorphism is associated with breast cancer susceptibility and poor
clinicopathological characteristics in a Turkish population: a hospital-based
case—control study. Tumor Biol. 2016;37:5577-84.

8. Aydin M, Simbul AT, Hilalogullari GC, Bayram S. Genetic polymorphisms
in human telomerase reverse transcriptase (hTERT) gene polymorphisms
do not associated with breast cancer in patients in a Turkish population:
hospital-based case-control study. Cell Mol Biol. 2018;64(3):108-15.

9. Macedo GS, Alemar B, Ashton-Prolla P. Reviewing the characteristics of BRCA
and PALB2-related cancers in the precision medicine era. Genet Mol Biol.
2019,42(1):215-31.

10. Nair RS, Kumar JM, Jose J, Somasundaram V, Hemalatha SK, Sengodan SK; et
al. Increased sensitivity of BRCA defective triple negative breast tumors to
Plumbagin through induction of DNA double strand breaks (DSB). Sci Rep.
2016,6(1):1-12.

11. Riaz N, Blecua P, Lim RS, Shen R, Higginson DS, Weinhold N, et al. Pan-cancer
analysis of bi-allelic alterations in homologous recombination DNA repair
genes. Nat Commun. 2017;8(1):1-7.

12. Jin MH, Oh D-Y. ATM in DNA repair in cancer. Pharmacol Ther.
2019;203:107391.

13.  Hanenberg H, Andreassen PR. PALB2 (partner and localizer of BRCA2). Atlas
Genet Cytogenet Oncol Haematol. 2018,22(12):484.

14.  Xu G-P, Zhao Q,Wang D, Xie W-Y, Zhang L-J, Zhou H, et al. The association
between BRCAT gene polymorphism and cancer risk: a meta-analysis. Onco-
target. 2018;9(9):8681.

15. HamdiY, Rekaya MB, Jingxuan S, Nagara M, Messaoud O, Elgaaied AB, et al.
A genome wide SNP genotyping study in the Tunisian population: specific
reporting on a subset of common breast cancer risk loci. BMC Cancer.
2018;18(1):1-14.

16. Ghafouri-Fard S, Dianatpour A, Faramarzi S. Meta-analysis of BRCAT polymor-
phisms and breast cancer susceptibility. Klinickd Onkologie. 2018;31(5).

17. Alhugail A-J, Alzahrani A, Aimubarak H, Al-Qadheeb S, Alghofaili L,
Almoghrabi N, et al. High prevalence of deleterious BRCAT and BRCA2 germ-
line mutations in Arab breast and ovarian cancer patients. Breast Cancer Res
Treat. 2018;168(3):695-702.

18.  Miller S, Dykes D, Polesky H. A simple salting out procedure for extracting
DNA from human nucleated cells. Nucleic Acids Res. 1988;16(3):1215.

19. Shan M, Yin H, Li J, Li X, Wang D, Su'Y, et al. Detection of aberrant methylation
of a six-gene panel in serum DNA for diagnosis of breast cancer. Oncotarget.
2016;7(14):18485.

20. Sarabandi S, Karami S, Heravi M, Tabasi F, Hashemi M, Bahari G. Deletion allele
of IFNART gene polymorphism (rs17875871) is associated with a lower risk of
breast cancer: A preliminary report. Meta Gene. 2020:100760.

21, Ali R, Rakha EA, Madhusudan S, Bryant HE. DNA damage repair in breast
cancer and its therapeutic implications. Pathology. 2017;49(2):156-65.

22. Musavi H, Fattah A, Abbasi M. Differential expression of the KLK2 and KLK3
genes in peripheral blood and tissues samples of Iranian patients with pros-
tate cancer. Med Lab J. 2019;13(3):25-30.



Jahangiri et al. Hereditary Cancer in Clinical Practice

23.

24.

25.

26.

27.

(2025) 23:12

Caleca L, Catucci, Figlioli G, De Cecco L, Pesaran T, Ward M, et al. Two mis-
sense variants detected in breast cancer probands preventing BRCA2-PALB2
protein interaction. Front Oncol. 2018;8:480.

Aloraifi F, McCartan D, McDevitt T, Green AJ, Bracken A, Geraghty J. Protein-
truncating variants in moderate-risk breast cancer susceptibility genes: a
meta-analysis of high-risk case-control screening studies. Cancer Genet.
2015;208(9):455-63.

Karakus N, Kara N, Yigit S, Okan I. Evaluation of BRCA1 and BRCA2 gene muta-
tions in breast cancer patients. Cumhuriyet Med J. 2017;39(1).

Fattahi MJ, Mojtahedi Z, Karimaghaee N, Talei AR, Banani SJ, Ghaderi A. Analy-
sis of BRCAT and BRCA2 mutations in southern Iranian Breast cancer patients.
Arch Iran Med. 2009;12(6):584-7. PMID: 19877752.

Antoniou AC, Casadei S, Heikkinen T, Barrowdale D, Pylkds K, Roberts J, et

al. Breast-cancer risk in families with mutations in PALB2. N Engl J Med.
2014;371(6):497-506.

28.

29.

30.

31.

32

Page 7 of 7

Evans MK, Longo DL. PALB2 mutations and breast-cancer risk. N Engl J Med.
2014;371(6):566.

Foo TK, Tischkowitz M, Simhadri S, Boshari T, Zayed N, Burke KA, et al.
Compromised BRCAT-PALB2 interaction is associated with breast cancer risk.
Oncogene. 2017;36(29):4161-70.

Garcfa MJ, Ferndndez V, Osorio A, Barroso A, LLort G, Lazaro C, et al. Analysis
of FANCB and FANCN/PALB2 Fanconi anemia genes in BRCA1/2-negative
Spanish breast cancer families. Breast Cancer Res Treat. 2009;113(3):545-51.
Sluiter M, Mew S, van Rensburg EJ. PALB2 sequence variants in young South
African breast cancer patients. Fam Cancer. 2009;8(4):347.

Janssen B, Bellis S, Koller T, Tischkowitz M, Liau SS. A systematic review of pre-
dicted pathogenic PALB2 variants: an analysis of mutational overlap between
epithelial cancers. J Hum Genet. 2020,65(2):199-205. https://doi.org/10.1038/
$10038-019-0680-7. Epub 2019 Oct 16. PMID: 31619740.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1038/s10038-019-0680-7
https://doi.org/10.1038/s10038-019-0680-7

	﻿Association between single nucleotide polymorphisms of DNA repair genes (BRCA1, BRCA2, and PALB2) and breast cancer incidence in a subset of Iranian population
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Population study
	﻿DNA extraction
	﻿SNP genotyping
	﻿Statistical analysis

	﻿Results
	﻿Demographic and clinical profile
	﻿Molecular histopathological markers
	﻿SNP associations

	﻿Discussion
	﻿Conclusion
	﻿References


