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‘ ABSTRACT ’ The occurrence of breast and ovarian cancer among the Indian population is gradually increasing. It is important to

determine the major predisposing factors involved in hereditary breast and ovarian cancer (HBOC). In-depth genomic
and functional analyses are necessary to identify the pathophysiology of inherited BRCA1 and BRCA2 mutations, which can shed light on the
processes underlying cancer development. Hence, this study intends to screen the variants of BRCA1/2: 185delAG, Exon 11 (1307delT),
c.5946del and Exon 21 (¢.8680C>T) among breast and ovarian cancer patients using the PCR-RFLP method. Patients with early onset of cancer
between the ages of 25 to 50 were selected to screen for the inherited predisposing traits as these genes are believed to be inherited. The prevalence
of BRCA1 (185 DelAG) mutation was found to be 4 among breast cancer and 3 among ovarian cancer patients. The incidence of BRCA1 Exon 11
(1307delT) was 12%. The results show that the deletion mutation variant (c.5946delT) of BRCA 2gene was 12%. The occurrence of T for C
substitution (mutant ¢.8680C>T of BRCA2) was detected in 14% of amplified samples. The statistical significance was obtained due to the
smaller sample size. In conclusion, this study shows that the selected variants have certain involvement in cancer development. We have screened
other reported inherited variants to conclude their role in the development of breast/ovarian cancer. This will help us in categorizing high-risk
populations and postulating treatment and preventive modalities.
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INTRODUCTION

Breast and ovarian cancers are the most frequent and serious tumors
that put women at higher risk globally with an average of over 2 million
new cases reported each year [1,2,3]. About, 238,700 new cases were
diagnosed with deadly ovarian cancer which accounts for about
151,900 deaths worldwide [4,5,6]. Among the Indian population, both
breast and ovarian cancers were the predatory risk of women as per the
National Cancer Registry Programme [7]. Despite intensive efforts in
early detection and treatment, these cancers remain one of the leading
causes of death [8,9,10]. In recent years, the increasing incidence of
ovarian cancer and mortality has been reported due to a lack of early
diagnosis [11]. It accounts for about 42,700 deaths in Europe in 2012,
7.3/100.000 mortality in the Romanian population and 37,829
prevalent cases in Italy [8,9,12,13].

Many studies have reported the role of hereditary components in the
development of cancer. It is estimated that about 5 to 10% of breast
cancer and 10% of ovarian cancer occur due to these hereditary
components [14,15]. The most common hereditary components
involved in the development of cancer were BRCA1 (17q
chromosome) and BRCA2 (13q chromosome) [16,17]. In particular,
about 1800 to 2000 BRCA mutations were distinctly involved in
promoting early-onset carcinogenesis [1,18,19,20]. The majority of
these risk factors were described in a decade [21]. These germline
deleterious mutations of BRCA account for an elevated risk of
breast/ovarian cancer syndrome with the probability of ~80% and
~40%, respectively [22,23]. Regardless of family history or age at
diagnosis, the incidence of BRCA mutations in breast and ovarian
cancer is less than 7% for BRCA1 and 3% for BRCA2 [24]. Compared
to patients with sporadic disease, those with germline BRCA
mutations have a shorter median time (in age under 50) of diagnosis for
breast cancer [25].

The predicted lifetime risk of ovarian cancer (OC) is 54% for BRCA1
carriers and 23% for BRCAZ2 carriers, while the lifetime risk of breast
cancer (BC) for carriers of these inactivating mutations is 82%
[26,27,28]. In general populations, the carrier frequency ranges from
1/40 to 1/800, and the incidence and spectrum of mutations differ
between populations [29]. Examining family history is the most
popular method for diagnosing hereditary cancer. However, because of
the small size of families and the unreliability of family history

records, it is frequently challenging to identify hereditary
breast/ovarian cancer (HBOC) via family history [30].

Determining mutations will assist us in developing a panel that may
help screen individuals who are at high risk of developing cancer and
in performing oncological surveys among the vulnerable population
[31]. Hence, the present study is designed to screen the variants of
BRCA1/2: 185delAG, Exon 11 (1307delT), c.5946del and Exon 21
(c.8680C>T) among breast and ovarian cancer patients for
determining the incidence of mutation among the existing patients.

MATERIALAND METHODS

Study Design

The study was conducted at Coimbatore Medical College and
Hospital, Coimbatore, Tamil Nadu, Southern part of India. It's a cross-
sectional study, conducted on breast and ovarian cancer patients
attending Tertiary care hospital from October 2022 to November 2023.
The study was approved by the Institutional Human Ethics Committee.
After getting informed consent from the patients the blood sample was
collected by the trained technician. Individuals between the age group
of 25 to 50 who were diagnosed with breast and ovarian cancer were
included in the study. This study was conducted at the Multi-
Disciplinary Research Unit (Under DHR) available at our college.

Blood Sampling

Three ml of peripheral blood sample was collected in EDTA-coated
tubes based on a purposive, non-randomized sampling method for this
study. A total of 50 samples from patients diagnosed with breast cancer
and 50 from ovarian cancer patients were collected based on the socio-
demographic data of the patients for analyzing the incidence of
inherited pathogenic variants BRAC1/2 among the patients. All
samples were transported and analyzed as per the standard testing
protocol.

Extraction of genomic DNA

The genomic DNA from each blood sample was extracted using
Qiagen DNeasy® Blood and Tissue Kit. The quantification and quality
of the extracted DNAs were measured using Multiscan™ GO
Spectrophotometer, Thermoscientific Inc., Wilmington, DE, USA.
The extracted DNA samples were stored at-20 °C for further analysis.
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Genotyping

Genotyping was performed using Polymerase chain Reaction
Restriction Fragment Length Polymorphism (PCR-RFLP). The
variants of BRCA1/2: 185delAG, Exon 11 (1307delT), c.5946del and
Exon 21 (c.8680C>T) were screened using published primers
[32,33,34,35]. Primers used for determining inherited pathogenic
variants BRAC1/2 were tabulated in Table 1. PCR reaction was
performed with the reaction volume of 25 pL containing 2x Tag DNA
master mix Red (Ampliqon), 20mM MgCl,, 50 uM dNTPs, 100 uM
primers and 100 ng template DNA. The annealing used for screening
all the variants is 52 °C, 55 °C, 42 °C and 54 °C respectively. The PCR
products were analyzed with 1.5 % agarose gel using an
Electrophoretic apparatus (BioRad). The PCR products were
subjected to RFLP to determine the presence of pathogenic inherited
variants using a specific restriction enzyme. RFLP was performed
using Taql, HpyF3I, HindIII and Taal respectively. All the restriction
reactions were performed as per the manufacturer's instructions
(Thermo Fisher Scientific, USA). After restriction, the products were
electrophoresed in 2% agarose, visualized and photographed using
Vilber Lourmat, France.

Table 1 Primers Used For Determining The Mutations

Gene Primers Prod|Mutant
uct

BRCAI F:5' 223 (200 and
(185delAG | TTAATGCTATGCAGAAAATCTTCG|bp |23 bp
) 3

R: 5

GTGGATGGAGAACAAGGAATC 3’
BRCAI F: 5 151 |55 and
Exon 11 GCAGCATTCAGAAAGTTAATGAG |bp |96 bp
(1307delT) |3’

R: 5

TCTGAAGAACCAGAATATTCATCT]

ACC 3
BRCA2 F: 5 534 (534,231
(c.5946del) | CGAAAATTATGGCAGGTTGTTAC |bp |and 303

G3 bp

R: 5

GCTTTCCACTTGCTGTACTAAATC

CA 3
BRCA2 F: 5 281 [166, 80
exon 21 TTGGTTCTTTAGTTTTAGTTGCTT |bp |and 35
(c.8680C> |TTG3'R: 5’ bp
T) TATTCCTTCCTGTGATGGCC 3’
Data Analysis

SPSS version 25 was used for statistical analysis. A chi-square test was
employed to determine the Hardy-Weinberg Equilibrium (HWE) and
the difference in the existence of genotype and allele frequencies
among breast and ovarian cancer patients. The odds ratio (OR) with
95% CI was computed to ascertain the relationship between BRCA1/2
hereditary mutations and the risk of breast and ovarian cancer. A
genetic model analysis was performed to determine the association of
the BRCA1/2 variants with breast and ovarian cancer risk. A p-value of
less than 0.05 was deemed statistically significant [7].

RESULTS

PCR-RFLP was performed to detect the frequency of inherited
pathogenic variants BRAC1/2 that existed among breast and ovarian
cancer patients. About 100 patients, 50 patients with breast cancer and
50 patients with ovarian cancer were selected based on clinical and
histopathological confirmation. Patients with early onset of cancer
between the ages of 25 to 50 were selected to screen for the inherited
predisposing traits. Most of the patients selected in the study were
diagnosed with Stage IT and Stage I11. The majority of the patients were
categorized with sporadic breast cancer (91%) and serous ovarian
cancer (89%). The variants of BRCA1: 185delAG and Exon 11
(1307delT) and BRAC 2: ¢.5946del and Exon 21 (¢.8680C>T) were
screened among breast and ovarian cancer patients.

The amplified PCR products were subjected to restriction digestion to
detect the presence of gene mutation. Taql enzyme used for exon 2 of
BRCAL1 (185 DelAG). The wild type will fragmented into two
fragments with the size 200 bp and 23 bp whereas, the mutant
185delAG allele will be intact without any fragmentation which yields
223 bp. The results show about 93 % of samples exhibit two fragments
upon restriction digestion and 7 % of samples were found to be mutant.
The prevalence of BRCA1 (185 DelAG) mutation was found to be 4

among breast cancer and 3 among ovarian cancer patients. The PCR
product of BRCA1 Exon 11 (1307delT) was digested with a Ddel
restriction enzyme. The restriction digestion will yield 151 bp uncut
fragment for the wild type and 55 and 96 bp fragments for the mutant
type. About 82% of samples yield uncut fragment with a size of 151 bp.
Among 18 mutants, 10 were breast cancer patients and 8 were ovarian
cancer patients.

The deletion mutation variant (¢.5946delT) in BRCA 2 was tested for
all the study participants by restriction digestion using the HindIII
restriction enzyme. The gel electrophoresis of the digested product
exhibits an undigested PCR product of the mutant allele at 534 bp and
the wild-type allele as two fragments (231 and 303 bp). The results
show the presence of mutant ¢.5946delT variant of the BRCA2 gene
was 12%, among which 8 were breast cancer patients and 4 were
ovarian cancer patients. In the case of BRCA2 exon 21, digestion of the
wild-type amplicon generated fragments using Taal restriction
enzyme generated 246 and 35 bp, while the ¢.8680C>T mutation
generated 166, 80, and 35 bp fragments. The presence of T for C
substitution (mutant ¢.8680C>T) was detected in 14% of amplified
samples, among which 9 were from ovarian and 5 from breast cancer
patients. The values were not statistically significant to determine the
genotypic frequency among the breast and ovarian cancer patients and
also for comparing with other socio-demographic data.

DISCUSSION

Understanding the pathogenesis of inherited BRCA1/2 mutation and
the mechanism of cancer development provides us insight into the
management of disease. Various methods like Sanger sequencing,
Next Generation Sequencing and PCR-RFLP-based detection of
SNPs, were incorporated for assessing the genetic mutations. As
sequencing of the gene is expensive and time-consuming, in this study
we performed PCR-RFLP for detection of BRCA1/2 mutation. As 10-
15% of Breast and ovarian cancer were reported to occur due to
hereditary, this study was designed to detect the mutation among
existing cancer patients. This helps us in postulating a diagnostic
practice for screening the carriers among the family members
susceptible to developing cancer.

Earlier, many studies have reported that the median time of germline
mutation detection was lower than 50 [24,25]. Similarly, in the present
study patients with early-onset of cancer between the ages of 25 to 50
were selected to screen the inherited predisposing traits. Various
studies have been conducted to determine the role of the BRCA1/2
gene and its variants in the development of cancer. In a meta-analysis,
the author has identified a total of 11 BRCA1 and BRCA2 distinct
common mutations, reported more frequently [36]. In another study,
the authors investigated the involvement of BRCA1 founder mutations
¢.4034delA and ¢.5266dupC in conventional breast and ovarian cancer
patients. The study showed that 57.5% of carriers with mutation did
not correlate with the clinical criteria[1, 2].

Abdel-Mohsen et al. [37] determined BRCA1/2 gene mutations to
provide insight into their roles as risk factors for breast and ovarian
cancer and reported the incidence of BRCA1 mutation was 5 (16.7%)
among controls and 44 (99.8%) cancer patients. They also reported
that the most common variant was 5382insC followed by C61G and
185 delAG. In the present study, 7 % of the samples were found to be
mutants while screening for the prevalence of BRCA1 (185 DelAG)
mutation.

In a study, Gajalakshmi et al. [33] reported a BRCA1 gene exon 11
(1307delT) mutation in a 43-year-old woman with breast cancer. They
screened the family members of the patients for the presence of this
mutation. The study revealed that close family members also possess
this mutation.  Similarly, in the detection of BRCAl Exon 11
(1307delT) facilitated among 18% of patients. Doraczynska-Kowalik
etal. [38] tested five BRCA 1 founder variants among 3,400 patients of
the Polish population using NGS. They conclude that BRCA1/2-
¢.5266dup, c.181T>G, and c.4035del were found to be significant and
reported screening complete HBOC genes will be better insight for
therapeutic and prophylactic practices.

In the present study, the presence of deletion mutant c.5946delT
variant of the BRCA2 gene was 12%. In a similar study, 2% incidence
of ¢.5946delT pathogenic variant in the BRCA2 gene was reported in
screening breast cancer patients [34]. Similarly, various studies have
reported the presence of ¢.5946delT pathogenic variant among various
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study groups for incidence, among the Jewish population the presence
of this mutation was reported among 4.1% of participants [39]. On the
contrary, a few reports are also stating that their study population has
no reported ¢.5946del T pathogenic variant [40,41].

In screening of BRCA2 exon 21, the presence of T for C substitution
(mutant ¢.8680C>T) was detected in 14% of amplified samples,
among which 9 were from ovarian and 5 from breast cancer patients in
the present study. Berzina et al. [2] conducted a study to distinguish
HBOC patients in the sporadic breast and ovarian cancer group. In the
study, the authors enrolled 50 HBOC patients in the Latvian Cancer
Registry with negative BRCA1 founder mutation for targeted BRCA1
and BRCA2 genes resequencing and reported the BRCA2 mutations in
two uninterrupted breast cancer patients.

Gorski et al. [42] detected BRCA1/2 in families of HBOC patients
using the Real-time PCR method. The authors reported 111 families
possess 3 founder mutations in common and also reported this test can
be considered as a rapid test and facilitates the large-scale community
screening for determining potential inherited traits. Alvarez et al. [43]
also designed 9 pairs of probes and primers targeting BRCA1/BRCA2
gene mutation detection by real-time PCR. Their study gives a better
understanding of allelic discrimination by identifying the nine founder
mutations. This study was also validated among patient and control
groups which correctly categorized carriers and non-carriers.

CONCLUSION

The results of the present study indicate the role of BRCA1/2
mutations in the development of breast and ovarian cancer. The study
should be performed with a large group for better understanding. Other
reported BRCA variants are also incorporated for determining the
inherited traits involved in inherited cancer development. Further
study should also be performed in the view of screening role of other
genes involved in inherited cancer development. This will results in
developing a rapid and inexpensive mutation detection method that
can be instigated in Hospitals for early detection and implementation
oftherapeutic and prophylactic modalities.
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