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Abstract
In this study, we evaluated the incidence of pathogenic germline mutations in 30 breast cancer susceptibility genes in breast 
cancer patients. Our aim was to understand the involvement of the inherited mutations in these genes in a breast cancer 
cohort. Two hundred ninety-six female breast cancer patients including 4.5% of familial breast cancer cases were included 
in the study. 200 ng of genomic DNA was used to evaluate the pathogenic mutations, detected using Global Screening Array 
(GSA) microchip (Illumina Inc.) according to the manufacturer’s instructions. The pathogenic frameshift and nonsense muta-
tions were observed in BRCA2 (10.9%), MLH1 (58.6%), MTHFR (50%), MSH2 (14.2%), and CYTB (52%) genes. Familial 
breast cancer patients (4.5%) had variations in BRCA2, MLH1, MSH2, and CYTB genes. 28% of patients with metastasis, 
recurrence, and death harbored mono/biallelic alterations in MSH2, MLH1, and BRCA2 genes. The results of this study 
can guide to develop a panel to test the breast cancer patients for pathogenic mutations, from Malwa region of Punjab. The 
screening of MSH2, MLH1, and BRCA2 should be carried in individuals with or without family history of breast cancer as 
these genes have been reported to increase the cancer risk by tenfold.

Keywords  Breast cancer · Alterations · Mutations · Frameshift · Nonsense

Introduction

Breast cancer is the most common tumor malignancy 
among women. Genetic and non-genetic factors have been 
reported to be involved in the etiology of the breast can-
cer [1]. Genetic factors play a crucial role in augmenting 
the risk in the individuals with a family history of breast 
cancer via some inherited genetic mutations [2]. Familial 
breast cancer has been reported in 10% of cases, whereas 
the rest are all sporadic [3]. The mutations in high pene-
trance genes like Breast cancer 1 (BRCA1), breast cancer 2 
(BRCA2), phosphatase and tensin homolog (PTEN), tumor 
protein 53 (TP53) and serine/threonine kinase 11 (STK11), 

moderate penetrant genes including ataxia-telangiectasia 
mutated (ATM), checkpoint kinase 2 (CHEK2), partner and 
localizer of BRCA2 (PALB2), BRCA1 interacting protein 
C-terminal helicase1 (BRIP1) and 19 low penetrance genes 
including TOX high mobility group box family member 3 
(TOX3), estrogen receptor 1 (ESR1), etc., are implicated 
in the pathogenesis of the disease [2]. All these genes play 
a vital role in various cell signaling pathways as the cross-
talk between these proteins maintains a delicate balance for 
proper functioning of the cellular machinery. If one of these 
signaling molecules becomes non-functional, this balance 
gets disturbed and thereby assists in the progression of car-
cinogenesis [1].

The national average cancer prevalence in India has 
been reported to be 800/million/year [4]. The Malwa 
region of Punjab in India grabbed national attention a cou-
ple of years ago, when its steeply rising cancer graph came 
into picture [5]. Breast cancer has been reported to be 
the second most common cancer after lung cancer in this 
region [6]. The cancer prevalence (per million/year) in this 
region (reported by Department of Health & Family Wel-
fare in 2013 is 1089/million/year) is higher in comparison 
with other two regions, i.e., Majha (647/million/year) and 
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Doaba (881/million/year) of the state [7]. The mutation 
spectrum in breast cancer patients from this region has 
not been evaluated till date. In this study, we evaluated the 
incidence of pathogenic germline mutations in 30 breast 
cancer susceptibility genes in sporadic and familial breast 
cancer patients.

Materials and methods

Two hundred and ninety-six female breast cancer patients 
diagnosed at Guru Gobind Singh Medical College and 
Hospital, Faridkot (the main referral center for this 
region), Punjab, were included in the study. Ethical clear-
ance was taken from study hospital as well as Central Uni-
versity of Punjab, Bathinda. The diagnosis was carried out 
by fine needle aspiration, cytology, mammography, and 
histopathology. Patients with major cardiac, renal, skel-
etal disorders, hepatic, neurological disorders, and other 
cancers were excluded from this study. Information on 
demographic features and risk factors was collected using 
a structured questionnaire.

DNA isolation and genotyping

Two milliliter of peripheral blood was collected in EDTA-
coated vacutainers with the written informed consent of 
the patients. Isolation of genomic DNA was performed 
using QIAamp DNA blood mini kit (Qiagen, Hilden, Ger-
many). Qualitative and quantitative analysis of DNA was 
carried by gel electrophoresis and Nano-Drop ND-1000 
UV–Vis Spectrophotometer (Thermo Scientific), respec-
tively. Genotyping was performed on Illumina Infinium 
HD assay platform using Global Screening Array (GSA) 
microchip (Illumina Inc.) according to the manufacturer’s 
instructions with 200 ng of genomic DNA. GSA micro-
chip contains > 700,000 up-to-date markers, optimized for 
human genome-wide backbone for unparalleled genomic 
coverage, including clinically relevant content and all 
pharma GKB markers. Subsequent sample processing 
and array hybridization were performed according to the 
manufacturer’s instructions (Illumina). Genome-Studio 
(Illumina, Inc.) was used for data pre-processing and 
analysis. Genotypes were called within Genome-Studio 
with the Gen Call algorithm of Genotyping Module v1.0. 
The final sample call rate was 99.99%. The data were sub-
sequently exported to R/Bioconductor to calculate X2 and 
odds ratio. Annotation was performed using ClinVar, 1000 
Genomes, ExAC, Cosmic, and dbSNP databases. The p 
value P ≤ 5 × 10−8 was considered statistically significant.

Results

Demographic profile

Two hundred ninety-six female breast cancer patients from 
Malwa region of Punjab were included in the study. The 
average age of patients at the time of disease diagnosis 
was found to be 53.62 ± 12.31 years. The youngest patient 
with breast cancer was 23 years old. More than half of the 
patients (55%) were residents of urban areas. None of the 
patients was pregnant at the time of diagnosis. Obesity was 
observed in 44.9% of patients. Since Punjab is a leading 
grain producer in India with maximum use of pesticides, 
48% had an exposure to pesticides (Table 1). Left breast 
carcinoma was observed in 55% of cases, whereas in the 
remaining cases the right breast was affected. Lumpectomy 
and modified radical mastectomy (MRM) was performed 
in 5 and 63% of patients, respectively. All the patients 
underwent adjuvant chemotherapy (Cyclophosphamide 
and doxorubicin).

Prevalence of breast cancer subtypes

Infiltrating ductal carcinoma, histopathological subtype 
of breast cancer was most prevalent among patients fol-
lowed by infiltrating lobular carcinoma, in situ lobular, and 
ductal carcinoma. ER/PR-positive subtype was observed 
in 37.6%. 17.5% of patients were suffering from triple-
negative breast cancer which is considered as the most 
aggressive type of the breast cancer. Most of the breast 
cancer cases had Grade 2 (69%) followed by Grade 3 
(27%). However, none of the patients was found to be in 
Grade 1.

Table 1   Demographic profile of breast cancer patients

Personal data Item Number %

Gender Female 296 100
Menopausal status Premenopausal 101 34.12

Postmenopausal 184 62.16
Hysterectomy 11 3.71

Parity Parent 286 96.62
Nulliparous 10 3.37

Weight Obese 133 44.9
Normal 140 47.2
Underweight 23 7.77

Family history Breast cancer 13 4.5
Other cancers 22 7.5

Pesticide exposure Exposed 138 46.6
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Global screening analysis

The breast cancer patients were screened for germline muta-
tions using GSA. Pathogenic mutations were found in fif-
teen genes including ATM, BRCA2, STK11, PTEN, BRIP1, 
CHEK2, RAD51C, NBN, MLH1, MSH2, MSH6, MUTYH, 
CDK2NA, and MTHFR. The alterations were either syn-
onymous or non-synonymous and were found to be patho-
genic in the dbSNP repository. The most common variations 
among patients were nonsense and missense.

Frequency of genomic mutation burden

Among 283 patients, 10.9% (31) had mono/biallelic varia-
tions in BRCA2 gene. Out of these, 11 patients had a bial-
lelic nonsense mutation (rs80358815) in this gene. In addi-
tion to this nonsense mutation, 9 patients were found to be 
monoallelic for one or other BRCA2 mutations. The remain-
ing 20 non-carriers of rs80358815 were found to bear other 
BRCA2 alterations in monoallelic condition (Table 2). Fur-
ther, 80.9% of patients were mono/biallelic for non-BRCA2 
genes including MUTYH, CYTB, BRIP1, MTHFR, NBN, 
PTEN, ATM, CDK2NA, RAD51C, STK11, MLH1, MSH2, 
MSH6, and CHEK2. Majority (58.6%) of the patients had 
either monoallelic (44.4%) or biallelic (14.2%) variation 
in MLH1 gene (rs1800734), whereas 44.4% of patients 
exhibited at least one monoallelic variation in this gene. 
Monoallelic variations in both MSH2 and ATM genes were 
observed in 17.8% patients. BRIP1 gene carried monoal-
lelic variation for rs587780875 in 10.7% of patients. In addi-
tion, 52% patients were mono/biallelic for MSH6, PTEN, 
CHEK2, NBN, MUTYH, STK11, RAD51C, MTHFR, and 
CYTB genes. The details have been summarized in Table 2. 
Out of 283 patients, 8.2% of patients harbored mono/bial-
lelic alterations in both BRCA2 and non-BRCA2 genes 
(Table 2).

Death, recurrence, and metastasis were observed in 28% 
of patients included in the study. Most of these patients were 
found to bear at least one or the other monoallelic/biallelic 
variation in MLH1, MSH2, and BRCA2 genes. None of the 
patients was mutated for other known breast cancer sus-
ceptibility genes including BRCA1, PMS2, EPCAM, APC, 
BAP1, MITF, TP53, CDH1, BAPR1A, SMAD4, GREM1, 
POLD1, POLE, PALB2, and RAD51D.

Prevalence of variations by age and receptor 
subtypes

The patients (n = 31; 10.9%) bearing BRCA2 mutations were 
found to fall in the age group of 50–56 years. Out of these, 
26 patients were negative for ER/PR, whereas the remaining 
five were found to be positive for the receptor status. The 
patients exhibiting CHEK2 gene variations were in the age 

group of 49–71 years. Majority of these except for 20 (7.1%) 
were ER/PR positive. MLH1 gene variations were observed 
in ER/PR-positive as well as ER/PR-negative patients. Indi-
viduals with alterations in MLH1 were found to be in the 
age group of 50–73 years. Variations in MUTYH, PTEN, 
ATM, MTHFR, CYTB, RAD51C, and STK11 genes were 
observed in the age group of 36–84 years.

Mutations among familial breast cancer patients

Family history of cancer including breast and another type 
of cancers was observed in 13 (4.5%) and 22 (7.5%) patients, 
respectively. Thirteen patients with family history of breast 
cancer belonged to nine families (Fig. 1). Out of these, we 
were able to collect blood samples from affected individu-
als belonging to only two families designated as F1 and F2.

In F1 family, both the affected sisters were found to bear 
mutations in MLH1 (biallelic) and MSH2 (monoallelic) 
genes. The sister carrying with MLH1 gene alteration was 
also suffering from ovarian cancer earlier (A in Fig. 1). In F2 
family, both the affected sisters were found to bear common 
biallelic mutations in BARD1 (rs587782681) and CYTB 
(rs527236043). The rest of the families designated as C-I 
(Fig. 1) had only one affected individual alive, whereas the 
other affected individual in the family has already expired. 
Therefore, we were able to collect samples only from alive 
affected individuals belonging to these families. All these 
were found to be monoallelic for one or the other variant of 
MLH1, MSH2, or BRCA2 genes (Fig. 1).

Discussion

In the current study, we carried out a detailed analysis of 
variation in 30 genes, implicated in the pathogenesis of 
breast cancer among 296 patients, including 4.5% familial 
breast cancer patients from Malwa region of Punjab. Breast 
cancer is widely feared in this region of Punjab. The genes 
were screened using GSA (Illumina Inc.) which contains 
around 7 lakh biomarkers including breast cancer suscepti-
bility genes. Although few studies have been carried in India 
on the genetic susceptibility of breast cancer, the present 
study is the first one from India exploring most of the breast 
cancer susceptibility genes in the patients affected with the 
disease.

Among 30 breast cancer susceptibility genes evaluated, 
the highest number of pathogenic, monoallelic frameshift, 
and nonsense variants were observed in BRCA2 gene. 
Mono/biallelic variants were observed in BRCA2 gene 
in 10.9% patients. BRCA2 gene variants were also com-
mon in patients (4 families) with the family history of the 
disease (Fig. 1C, D, and H). BRCA2 has been implicated 
in the pathogenesis of familial breast cancer in a large 
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Table 2   Frequency of 
pathogenic mutations in breast 
cancer patients

S. no Gene AA change Heterozygous 
mutated %

Homozygous 
mutated %

Nature Type of mutation

1 ATM Intronic 14.8 Pathogenic Intronic
K1646N 11.5 Pathogenic Frameshift
F1209L 3.7 Pathogenic Frameshift
L1542F 7.4 Pathogenic Frameshift

2 BRCA2 Y839Ter 2.7 Pathogenic Nonsense
S1955Ter 3.7 Pathogenic Nonsense
R2520Ter 3.7 Pathogenic Nonsense
L2972Ter 3.7 Pathogenic Nonsense
I591M 3.7 Pathogenic Frameshift
G602E 3.7 Pathogenic Frameshift
S552P 3.7 Pathogenic Frameshift
K585R 3.7 Pathogenic Frameshift
E1397K 3.7 Pathogenic Frameshift
N1626S 7.6 Pathogenic Frameshift
W1692N 3.7 Pathogenic Frameshift
I1874R 3.7 Pathogenic Frameshift
S1943L 3.7 Pathogenic Frameshift
Q2009A 3.7 Pathogenic Frameshift
Q2157I 3.7 Pathogenic Frameshift
Y2215Ter 3.7 Pathogenic Frameshift
C311F 3.7 Pathogenic Frameshift
E2918E 3.7 Pathogenic Synonymous
T1647S 3.7 Pathogenic Frameshift
C2212L 3.7 Pathogenic Frameshift
K1860Ter 7.6 Pathogenic Nonsense
L1732P 3.7 Pathogenic Frameshift
Q2530K 3.7 Pathogenic Frameshift
A1922C 7.4 Pathogenic Frameshift

3 BRIP1 Y461Y 10.7 Pathogenic Synonymous
4 CDKN2A G101R 3.7 Pathogenic Missense

Intronic 3.7 Pathogenic Intronic
5 CHEK2 R224H 3.7 Pathogenic Missense

Intronic 3.7 Pathogenic Splice variant
Intronic 22.2 3.7 Pathogenic Intronic

6 MLH1 Intronic 44.4 14.2 Pathogenic 5′utr variant
S131Ter 3.7 Pathogenic Nonsense
F80V 3.7 Pathogenic Missense
L658F 3.7 Pathogenic Frameshift
P495R 3.7 Pathogenic Frameshift
Y625Ter 3.7 Pathogenic Nonsense
K70I 4.0 Pathogenic cds indel
I229D 3.7 Pathogenic Frameshift
D484M 3.7 Pathogenic Frameshift
E78K 3.7 Pathogenic Frameshift
E71I 11.1 Pathogenic Frameshift



Medical Oncology (2018) 35:81	

1 3

Page 5 of 9  81

number of studies [8]. Germline BRCA1 or BRCA2 muta-
tions account for 20–40% of breast cancer that clusters 
in families and < 5% of overall breast cancer. These are 
also associated with a high lifetime risk of up to 60–85% 
for breast cancer as well as an increased risk for ovarian 
cancer [9]. Lahad et al. reported that BRCA2 carriers are 
at breast cancer risk of 84% and an ovarian cancer risk 
of 27% [10]. BRCA2 maintains the genome stability by 
homologous recombination or by interacting with various 
other proteins including RAD51, DSS1, RPA, MRE11, 
PALB2, and p53. BRCA2 is involved in centrosome dupli-
cation specifically in the metaphase to anaphase transi-
tion. Inactivation or depletion of BRCA2 leads to centro-
some amplification that results in unequal separation of 
chromosomes. BRCA2 localizes with central spindle and 
mid-body during telophase and cytokinesis [11]. It is a 
caretaker gene and mutation in this gene leads to the dis-
ruption of other downstream genes. In the present study, 
five nonsense mutations were observed in BRCA2 gene in 
7.1% patients. These mutations were nonsense and there-
fore likely to result in non-functional truncated protein. 
Pathogenic frameshift alterations in BRCA2 gene were 
found at a frequency of 10.2% in the diseased patients. 
BRCA2 has emerged as a significant susceptibility gene 
in sporadic as well as familial breast cancer patients from 
Malwa region of Punjab, and therefore, the patients and 
their first-degree relatives with or without family history 
of breast cancer must be screened for BRCA2 variants.

However, surprisingly we did not find any individuals 
with BRCA1 mutations which is in contradiction with a 
study carried out in a South-Indian population [12]. This 
might be on account of the fact that the genetic architecture 
of north and south Indian is different. Our study is in con-
sensus with a previous study carried out in Asian patients 
in which BRCA2 mutations have been reported to be more 
frequent than BRCA1 [13].

Among 28% of the patients with metastasis and death, 
7.9% were found to carry either a mono- or biallelic patho-
genic alterations in BRCA2 gene. Therefore, patients should 
be screened for these alterations for early intervention. Fur-
ther, we also found BRCA2 variants more common prevalent 
in ER/PR-negative breast cancer. Our study is in consist-
ency with a previous study that reported higher prevalence 
of BRCA2 mutations in receptor-negative breast cancer 
[14]. The individuals with BRCA2 variations and receptor-
negative breast cancer respond to cisplatin-targeted therapy 
and PARP-1 inhibitors better in comparison with adjuvant 
therapy (combination of doxorubicin and cyclophospha-
mide) [15]. However, majority of the patients from Malwa 
region of Punjab are treated with AC therapy. Therefore, 
patients with receptor-negative status should be screened for 
appropriate treatment strategies.

In addition to BRCA1 and BRCA2 which are the main 
repair pathway genes under focus, some new candidate 
genes including NBN, RAD51C, and BRIP1 have been 
added to the list recently [16]. In the present study also 

Table 2   (continued) S. no Gene AA change Heterozygous 
mutated %

Homozygous 
mutated %

Nature Type of mutation

7 MSH2 L595Y 4.1 Pathogenic Frameshift
Intronic 14.1 Pathogenic Splice variant
Intronic 3 Pathogenic Splice variant
E177V 4.15 Pathogenic Frameshift
E48Ter 3.7 Pathogenic Nonsense
Q215Ter 4.3 Pathogenic Nonsense
Y43Ter 3.7 Pathogenic Nonsense

8 MSH6 K545R 5.8 Pathogenic Frameshift
V907R 5.7 Pathogenic Frameshift
G237D 6.0 Pathogenic Frameshift
L1330V 6.2 Pathogenic Frameshift

9 MUTYH L406M 5.9 Pathogenic Missense
A371P 6.4 Pathogenic Frameshift

10 NBN F20L 6.0 Pathogenic Frameshift
11 PTEN Y68N 7.6 Pathogenic Frameshift

Y65D 3.7 Pathogenic Missense
12 RAD51C F32S 6.2 Pathogenic Frameshift
13 STK11 Intronic 3.7 Pathogenic splice variant
14 MTHFR A263V 37.5 12.5 Pathogenic Missense
15 CYTB G99G 52 Pathogenic Synonymous
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monoallelic alterations in these genes were observed in the 
patients. However, the penetrance and clinical spectrum 
of these genes need to be explored more. Some previous 
studies have also reported the implication of these genes in 
inter-individual drug response (platinum and, poly [ADP-
ribose] polymerase [PRAP]-1 inhibitors) among BRCA1/
BRCA2-deficient cancers [17].

Monoallelic variants in MUTYH gene (rs144079536 and 
rs587778536) were observed in 6% of the patients, whereas 
3.7% of patients carried alterations in CDK2NA gene. Both 
these genes are involved in DNA repair pathway. MUTYH 
gene encodes MYH glycosylase, which is involved in DNA 
repair mechanism. Rennert et al. reported high prevalence of 
founder mutations in MUTYH gene in Sephardi Jews. They 

Fig. 1   Pedigrees of familial breast cancer patients
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demonstrated a significantly elevated risk of breast cancer 
associated with a heterozygous G396D variant in MUTYH 
gene [18]. In addition, few other studies also demonstrated 
an association of MUTYH alterations with breast cancer in 
populations with familial breast cancer or polyposis [19, 20]. 
The current study suggests that bearers of MUTYH gene 
mutations must be counseled for their possible increased risk 
of breast cancer and measures to prevent cancer. Further, the 
researchers have reported that although mutations in these 
two genes are incidental in breast cancer but their screening 
can prevent metastasis causing colon, lung, prostate, and 
extracolonic cancer [16].

In the present study, 11 alterations were observed in 
MLH1 gene. However, rs1800734 was the most frequently 
observed alteration in patients (monoallelic in 44.8% and 
biallelic in 14.2%). rs1800734 has been reported to be 
associated with colorectal cancer and lung cancer [21]. 
In addition, seven variants were found in MSH2 gene and 
rs267607691 (14.1%) was the most frequent among patients. 
Both these genes are involved in mismatch repair and altera-
tions in this gene lead to impaired mismatch repair. Out of 
28% patients with metastasis and death, 21% of the patients 
harbored pathogenic mono/biallelic mutations in either 
MSH2 or MLH1 gene. Harkness et al. reported that female 
carriers of MLH1 variant are at a moderate risk of breast 
cancer and this risk increases by 18.6% at the age of 70 years 
[22]. They further added that the risk of breast cancer in 
case of MSH2 carriers for pathogenic variants to be 11.2% 
at the age of 70 years [22]. In the current study, the patients 
bearing rs1800734 (MLH1) and rs267607691 (MSH2) were 
found in the age group of 50–73 years.

CHEK2 and ATM genes are moderate penetrance genes 
and heterozygous pathogenic variants in these genes have 
been reported to increase the risk of breast cancer by two- to 
threefold, respectively [23–25]. The main monoallelic vari-
ant found in the patients of Malwa region was an intronic 
mutation in ATM gene (rs587779866) observed at a fre-
quency of 14.8%. The mutation results in aberrant splicing, 
i.e., skipping of exon 54 and thereby alters the normal func-
tioning of the ATM protein [26]. Mutations in CHEK2 and 
ATM genes are implicated in defective DNA repair path-
way also [27]. Currently in India, the patients are mainly 
screened for BRCA1 and BRCA2 gene mutations. However, 
CHEK2 mutations are not screened in breast cancer patients 
although it is one of the important genes involved in the 
pathogenesis of the breast cancer. Previous studies have 
reported that CHEK2 mutation carriers are at an increased 
risk of developing receptor-positive breast cancer [28]. 
In our study, CHEK2 mutations were more prominent in 
patients with receptor-positive status that is in consistency 
with this study. Therefore, physicians must add this gene to 
the screening list for individuals belonging to Malwa region 
of Punjab.

Although MTHFR gene is not directly involved in the 
pathogenesis of breast cancer, it is a key enzyme involved in 
folate metabolism pathway. MTHFR irreversible catalyzes 
5–10 methylenetetrahydrofolate to 5 methyltetrahydrofolate, 
which is a co-substrate for homocysteine remethylation to 
methionine. The genetic alterations in MTHFR have been 
reported to impact folate metabolism, DNA methylation, 
synthesis, and repair. Low intake of folate is associated with 
increased risk of several type of cancers including breast 
cancer [29, 30]. The common functional polymorphism in 
the MTHFR gene, C677T (rs1801133) is associated with low 
levels of plasma folate and reduced activity of the MTHFR 
enzyme [31]. The folate deficiency might lead to misincor-
poration of uracil in place of thymidine during DNA repli-
cation, resulting in DNA strand breaks and chromosomal 
translocations and deletions [32]. It has been reported that 
TT genotype of MTHFR (C677T; rs1801133) polymorphism 
increases the risk of breast cancer by 2.5-fold [33]. In the 
present study, 12.5 and 37.5% patients were homozygous 
and heterozygous for this alteration, respectively.

CYTB is a protein found in mitochondria of eukaryotic 
cells and is a part of the complex that is involved in the elec-
tron transport chain of oxidative phosphorylation. It is the 
only component of the complex that is encoded by a mito-
chondrial gene. Previous studies suggest that the frequency 
of mtDNA mutations is higher than nDNA in a variety of 
human cancers including bladder, head and neck, lung, and 
breast [34, 35]. In the present study, 52% of the patients 
including both familial and non-familial cases were found 
to bear a homozygous mutation in CYTB gene (15034 G/A).

BARD1 mutations have been found in families suspected 
to be affected with a form of Hereditary Breast and Ovar-
ian Cancer syndrome (HBOC). Female carriers of mutated 
BARD1 have a 10.2% increased risk of breast cancer at the 
age of 80 years [36]. In the present study, a single-nucleotide 
polymorphism (rs587782681) in this gene was observed in 
two affected members of one family (F2). The alteration 
is a nonsense mutation and must have resulted in a trun-
cated protein. BARD1 forms a complex with BRCA1, 
which is involved in tumor suppression [37]. Therefore, 
mutations in BARD1 gene, might in turn lead to inefficient 
tumor suppressor complex of BRCA1/BARD1 and induce 
tumorigenesis.

A recent study involving European population identified 
65 novel variants among breast cancer patients [38]. How-
ever, none of the variants reported in this study were found 
in the patients from Malwa region of Punjab. Therefore, each 
ethnic group needs to be explored for mutations implicated 
in the pathogenesis of breast cancer.

Nonsense, missense, and frameshift alterations were 
detected in the tumor suppressor (BRCA2, STK11, ATK, 
PTEN, and CHEK2) and DNA repair (MTHFR, CYTB, 
BARD1, BRIP1, MSH1, MSH2, MSH6, NBN, and 
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RAD51C) genes. All the alterations detected in the patients 
are reported to be pathogenic in the dbSNP repository. 
These alterations in tumor suppressor and DNA repair genes 
might result in protein malfunctioning and, therefore, lead 
to excessive cell proliferation and defective DNA repair, 
respectively.

In conclusion, the results of this study can guide to 
develop a panel to test the breast cancer patients for patho-
genic mutations, from Malwa region of Punjab. Especially, 
the present study suggests that the screening of BRCA2, 
MSH2, and MLH1 should be carried out in general pop-
ulation since previous studies have suggested that these 
mutations increase the risk of breast cancer by tenfold and 
accordingly evidence-based management recommendations 
can be given to the individuals bearing these mutations. Fur-
ther, the patients need to be screened for BRCA2, MSH2, 
and MLH1 since these have been implicated in metastasis by 
previous studies. Familial breast cancer patients need to be 
screened for BARD1, MSH2, MLH1, BRCA2, and CYTB 
genes as these alterations were observed in familial breast 
cancer patients.

However, the drawback of the current study is that we 
could not detect novel mutations since the GSA detects 
only the known markers. The GSA identified many genes 
that might provide clinical guidance to ensure appropriate 
interventions. The cancer spectrum and phenotype may vary 
for different mutations in each gene, and therefore, a large 
number of mutation carriers need to be assessed before elu-
cidating specific predictor for each gene.
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