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The major risk for the development of breast 
cancer is related to hormonal and genetic factor1. The 
germline mutation is mostly responsible for hereditary 
breast carcinomas while hormonal factors for sporadic 
breast carcinomas (SBCs). Oestrogen plays an 
important role in breast tumour development due to its 
direct carcinogenetic effect and is also responsible for 
cellular DNA damage and mutations.

Breast cancer is the most commonly diagnosed 
malignancy worldwide2 and a leading causes of 
cancer death among women3. In clinical practice, 
early diagnosis of breast cancer has a significant role. 
Currently, various techniques are employed for a 
breast lump evaluation including sonomammography, 
fine needle aspiration cytology (FNAC), core biopsy, 
xeroradiography, thermography, frozen sections, 
hormonal study, immunohistochemistry (IHC) and 
molecular diagnosis. For the early detection of 
breast cancer and its disease progression, there is a 
requirement of a reliable biomarker.

Various genetic and epigenetic changes in tumour 
suppressor genes and oncogenes are thought to be 
responsible for the development of breast cancer. To 
detect and target such epigenetic changes, various 
diagnostic methods are required which will be helpful 
to treat and prevent breast cancers.

Two such breast cancer susceptibility 
genes are noted by linkage studies, the breast 
cancer gene 1 (BRCA1) located on chromosome  
17g12-21 and BRCA2, located on 13q12-13. The 
BRCA1 is a multifunctional protein involved in 
DNA repair, control of cell cycle checkpoints, 
protein ubiquitination and chromatin remodelling. 
Any changes or mutations in this gene can lead to 
an increased risk of developing breast, ovarian or 
prostate cancer. It is a classic tumour suppressor 
gene that plays a significant role in hereditary breast 
cancers. It is observed that BRCA1 gene mutation 

is commonly associated with familial hereditary 
breast cancer, however, it is rarely found in SBC4. 

Also reported frequency of BRCA1 gene mutation is 
relatively less in men.

About 5-10 per cent of cases of hereditary 
breast cancer are due to BRCA1 or BRCA2 germline 
mutations. It is responsible for 40-80 per cent lifetime 
risk of developing breast cancer5. With a history of 
familial BRCA1 or BRCA2 gene mutation, there are 
reportedly 50 per cent chances of having the same 
gene mutation6. The reported incidence is about one in 
every 500 women in the United States with a mutation 
in either her BRCA1 or BRCA2 gene.

Inactivation of BRCA1 by promoter 
hypermethylation is associated with reduced gene 
copy number and chromosome 17 aneusomy6. There is 
decreased expression of BRCA1 gene as well as protein 
in breast cancer as compared to normal mammary 
epithelial cells. In about 19 per cent of SBCs, both 
nuclear and cytoplasmic BRCA1 protein loss has been 
observed7.

A biomarker for the diagnosis of breast cancer is to 
study the differences in DNA methylation pattern. The 
differences between BRCA 1 mRNA expression and 
promoter methylation are done by quantitative PCR 
and bisulfite sequencing PCR technics. Methylation 
within the promoter regions of tumour-suppressor 
genes typically causes their silencing8. It is observed 
that the multiple factors are involved in the initiation 
and progression of breast tumours.

The epigenetic alterations of the genome such 
as DNA promoter methylation and chromatin 
remodelling play an important role in the early phase 
of tumourigenesis. The promoter methylation assays 
serve as pre-screening tests and have been widely 
employed for breast cancer detection, prognosis as 
well as in treatment.
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Methylation-specific multiplex ligation-dependent 
probe amplification assay is a recently developed 
technique for the molecular diagnosis of several genetic 
diseases and cancers for the detection of abnormal DNA 
methylation. It is a PCR-based technique that requires 
minimal amount of DNA, which can be derived from 
paraffin tissue blocks.

In cancer development of various organs such as 
ovary, prostate, lung, urogenital and gastric, the breast 
promoter hypermethylation plays an important role9. 

The hypermethylation of cytosine phosphate guanine 
sites in the promoter region lead to down regulation of 
tumour-suppressor genes10. This is currently recognized 
to be a means of providing a silencing alternative to 
mutation or allelic loss in the cancer progression. The 
high frequency of hypermethylation in the promoter 
regions of BRCA1 and BRCA2 is observed from 5.2 
to 65.2 per cent of cases in SBCs11. This difference 
is related to the selection criterion of control groups, 
study cohort, mutation detection techniques, detection 
methods for methylation, sample materials and also 
geographic variability.

The study by Li et al3  suggested that the 
absence of BRCA1 transcript is associated with 
promoter methylation in SBC. Numerous studies 
have demonstrated the aberrant hypermethylation 
of BRCA1 promoter in sporadic breast tumours12,13. 

BRCA1 protein expression correlates with 
tumour mitotic rate, consistent with normal cell-
cycle regulation of the BRCA1 gene. The BRCA1 
hypermethylation exhibited a higher percentage of 
the smaller size primary tumour (T1 and T2, tumour 
size ≤5 cm) compared to the BRCA1 non-methylation 
(58.1 vs. 49.1%)3.  BRCA1 promoter methylation, 
its relationship to gene expression profiles and 
immunohistochemical status are also studied in 
breast cancer. Khan et al14 in their study published 
in this issue of Ind J Med Res have made efforts to 
analyze and understand the possible roles of BRCA1 
promoter methylation and its IHC correlation in 
SBC.

Matros et al15, stated that there might be different 
BRCA1 promoter methylation levels and patterns in 
sporadic and hereditary breast cancer. They noted a 
subgroup of ER-positive high grade tumours that have 
a significantly greater number of BRCA1 methylated 
tumours.

Zhang and Long16 showed that BRCA1 promoter 
methylation was higher in cases of breast cancers.  

There was an association of BRCA1 methylation 
with various factors such as higher tumour grades, 
oestrogen receptor (ER) negative, progesterone 
receptor (PR) negative and triple-negative breast cancer 
(TNBC). While other studies did not find a significant 
association between BRCA1 hypermethylation and ER/
PR status16,17.

Khan et al14 recommend that females with SBC 
especially TNBC, must be advised BRCA1 IHC 
scoring to identify the cases which may benefit from 
the above chemotherapy. Multiple reasons have been 
stated behind the differential IHC expression and 
molecular results. The molecular alterations could 
either be methylation silencing, deletion or point 
mutation. BRCA1-mutated tumours have a specific 
pattern of genomic alteration that can be observed 
in patients with BRCA1-gene methylation and some 
other TNBC. TNBC is regarded as important because 
of the aggressive clinical behaviour, poor prognosis 
and lack of targeted therapy thus UNBC remains an 
important challenge in today’s clinical practice18,19. 
BRCAl promoter hypermethylation is associated 
with a good prognosis and chemosensitivity in 
TNBC. When treating breast cancer patients with 
chemotherapy BRCA1 methylation is an important 
predictive factor to look for chemosensitivity and 
response to treatment.

BRCA1 loss identification in SBC can make it an 
ideal patient for poly adenosine diphosphate ribose 
polymerase (PARP) inhibitors or cisplatin-based 
therapy like hereditary ones14.  In future, there should 
be standard protocol for the diagnosis of breast 
cancer, specific detection methods of methylation 
and an approach to novel-targeted therapy. In 
breast cancer, aberrant epigenetic modifications are 
potentially reversible, so it can be used as targeted 
therapy. 

To conclude that the BRCA1 promoter 
methylation will be a useful predictive or diagnostic 
biomarker for patients with breast cancer and it has 
clinical significance in evaluation. BRCA1 promoter 
methylation was found to be associated with an 
increased risk of breast cancer by Khan et al14, 
however, large-scale research in this area is required 
to extrapolate their findings.

Financial support & sponsorship: None.

Conflicts of Interest: None



	 JAGTAP AND JAGTAP: BRCA1 METHYLATION IN SPORADIC BREAST CANCER	 87

Sunil Vitthalrao Jagtap1,* & Swati S. Jagtap2

Departments of 1Pathology & 2Physiology, Krishna 
Institute of Medical Sciences,  Deemed University, 

Karad 415 539, Maharashtra, India
*For correspondence: 

drsvjagtap@gmail.com
Received July 15, 2022

References
1.	 Martin AM, Weber BL. Genetic and hormonal risk factors in 

breast cancer. J Natl Cancer Inst 2000; 92 : 1126-35.
2.	 Wilkinson L and Gathani T. Understanding breast cancer as a 

global health concern. Br J Radiol 2022; 95 : 20211033.
3.	 Li Q, Wei W,Jiang YI,Yang H, Liu J. Promoter methylation and 

expression changes of BRCA1 in cancerous tissues of patients 
with sporadic breast cancer. Oncol Lett 2015; 9 : 1807-13.

4.	 van der Looij M, Cleton-Jansen AM, van Eijk R, 
Morreau H, van Vliet M, Kuipers-Dijkshoorn N, et al. A 
sporadic breast tumor with a somatically acquired complex 
genomic rearrangement in BRCA1. Genes Chromosomes 
Cancer 2000; 27 : 295-302.

5.	 Bayraktar S, Amendola L, Gutierrez-Barrera AM, Hashmi SS, 
Amos C, Gambello M, et al.Clinicopathologic characteristics 
of breast cancer in BRCA-carriers and non-carriers in women 
35 years of age or less. Breast 2014; 23 : 770-4.

6.	 Grushko TA, Olopade OI. Genetic markers in breast tumors 
with hereditary predisposition. In: Bronchud MH, Foote MA, 
Giaconne G, Olopade OI, Workman P, editors. Principles 
of molecular oncology. 2nd ed. Totowa (NJ): Humana Press; 
2004. p. 151–80.

7.	 Agarwal P, Khan F, Gupta S, Bhalla S, Thomas A, Anand A, 
et al. Co-relation of hormonal profile and BRCA1 in sporadic 
breast carcinoma: A single institutional experience of 303 
patients. Clin Pathol 2022; 15 : 2632010X221076379.

8.	 Lopez-Serra P, Esteller M. DNA methylation-associated 
silencing of tumor-suppressormicroRNAs in cancer. Oncogene 
2012; 31 : 1609-22.

9.	 Yang M, Park JY. DNA methylation in promoter region 

as biomarkers in prostate cancer. Methods Mol Biol 
2012; 863 : 67-109.

10.	 Dworkin AM, Huang TH, Toland AE. Epigenetic alterations in 
the breast: Implications forbreast cancer detection, prognosis 
and treatment. Semin Cancer Biol 2009; 19 : 165-71.

11.	 Bal A, Verma S, Joshi K, Singla A, Thakur R, Arora S, et al. 
BRCA1-methylated sporadic breast cancers are BRCA-like 
in showing a basal phenotype and absence of ER expression.
Virchows Arch 2012; 461 : 305-12.

12.	 Rice JC, Massey-Brown KS, Futscher BW. Aberrant 
methylation of the BRCA1 CpG island promoter is associated 
with decreased BRCA1 mRNA in sporadic breast cancer cells. 
Oncogene 1998; 17 : 1807-12.8.

13.	 Jacot W, Lopez-Crapez E, Mollevi C, 
Boissière-Michot F, Simony-Lafontaine J, et al. 
BRCA1  Promoter Hypermethylation is Associated with 
Good Prognosis and Chemosensitivity in Triple-Negative 
Breast Cancer. Cancers (Basel) 2020; 12 : 828. 

14.	 Khan F, Agarwal P, Gupta S, Maurya MK, Singh P, 
Agarwal A, et al. BRCA1 promoter methylation & its 
immunohistochemical correlation in sporadic breast cancer. 
Indian J Med Res 2023; 158 : 47-54.

15.	 Matros E, Wang ZC, Lodeiro G, Miron A, Iglehart JD, 
Richardson AL. BRCA1 promoter methylation in sporadic 
breast tumors: Relationship to gene expression profiles. Breast 
Cancer Res Treat 2005; 91 : 179-86.

16.	 Zhang L, Long X. Association of BRCA1 promoter 
methylation with sporadic breast cancers: Evidence from 40 
studies. Sci Rep 2015; 5 : 17869.

17.	 Tapia T, Smalley SV, Kohen P, Muñoz A, Solis LM, 
Corvalan A, et al. Promoter hypermethylation of BRCA1 
correlates with absence of expression in hereditary breast 
cancer tumors. Epigenetics 2008; 3 : 157-63.

18.	 Jagtap SV. Evaluation of CD4+ T-cells and CD8+ T-cells 
in triple-negative invasive breast cancer. Indian J Pathol 
Microbiol 2018; 61 : 477-8.

19.	 Xu Y, Diao L, Chen Y, Liu Y, Wang C, Ouyang T, et al. 
Promoter methylation of BRCA1 in triple-negative breast 
cancer predicts sensitivity to adjuvant chemotherapy. 
Ann Oncol 2013; 24 : 1498-505.


