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Abstract

Cancer is simply due to the mutations at the genetic level, commonly known as genetic disorder. In
this condition the cells suffer from uncontrolled growth of cell division. These mutations can
be acquired or may occur in somatic cells. Somatic cell mutations cannot be inherited while germ
line mutations are inherited. In general, cancer cells have more genetic changes than normal cells.
But each person’s cancer has a unique combination of genetic alterations. Some of these changes
may be the result of cancer, rather than the cause. As the cancer continues to grow, additional
changes will occur. Even within the same tumor, cancer cells may have different genetic changes.
The genes that contribute to cancer development are tumor suppressor genes, Oncogenes and DNA
repair genes. Tumor suppressor genes are protective genes and they limit cell growth by monitoring
how quickly cells divide into new cells, repairing mismatched DNA and controlling when a cell
dies. These include BRCAL1, BRCA2, and p53 or TP53. When a tumor suppressor gene mutates,
cells grow uncontrollably. And they may eventually form a tumor. Oncogenes turn a healthy cell
into a cancerous cell. Mutations in these genes are not known to be inherited. Common oncogenes
are HER2 and the RAS family of genes.The role of SMARCA4 gene has been least explored in
breast cancer.
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Background

Breast cancer contributes to the second highest incidence of cancer-rated deaths among women
worldwide [1]. Development of breast cancer is associated with multiple etiologic factors, including
hormonal disorders, inheritance, ionizing radiation, and unhealthy eating habits [2]. Breast cancer is
normally treated by a combination of surgery with radiotherapy, endocrine therapy, and/or
chemotherapy. Despite improvements in diagnosis and treatment, the 5-year survival rate of patients
with breast cancer was still viewed as unsatisfactory in recent decades, which highlights the ongoing
need to understand the mechanisms by which it progresses and to explore new therapeutic targets

[3].

Incidence and prevalence of breast cancer in India

Breast cancer is the most common site of malignancy in Indian women in urban areas and is the
fastest growing cancer in the country [4]. National cancer registry programme (NCRP) reported
annual percentage change (APC) of 0.68% for all site cancers over 3 years (2011- 2014). APC for
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breast cancer over the same period was about 2.0%. Incidence of breast cancer has increased sharply
over the past two decades. In Delhi, the APC increased from 0.91 to 5.31% over a period of 1988—
2012 [5]. In Indian urban centres, most of breast cancer is detected in the age group of 40-49 years,
while rural areas have highest incidence at age group 65-69 years. In urban centres, patients
presented at mean age of 45 years [6,7]. Risk of breast cancer cases increases with number of
affected first-degree relatives [8]. Family history of breast cancer is present in 15% of Indian
women with breast cancer [9]

SMARCA4 and Cancer

SMARCA4 (SWI / SNF related, matrix associated, actin dependent regulator of chromatin,
subfamily A, member 4) encodes a protein involved in chromatin remodelling, which is important
for regulating the binding of transcription factors to DNA. Loss of SMARCA4 characterizes several
distinct neoplasms, including: small cell carcinoma of the ovary hypercalcemic type, SMARCA4
deficient undifferentiated uterine sarcoma and SMARCAA4 deficient thoracic sarcoma [10-12].While
SMARCA4 is considered a tumor suppressor gene, both loss of protein expression as well as protein
upregulation have been associated with neoplasia [13,14]. It is frequently mutated in a variety of
cancer cell lines [15]. A component of the SWI / SNF complex, which is involved in chromatin
remodeling and thus the regulation of gene expression [16,17].SMARCAA4 also plays a role in tumor
suppression directly as well as through interaction with other key cancer related proteins (BRCA1,
Rb, p53, beta-catenin, etc.) [18-21].It may also play roles in DNA repair or cell cycle control
[22,13].

Immuno-histochemical expression of SMARCA4 aids in the diagnosis of ovarian small cell
carcinoma, hypercalcemic type (ovarian rhabdoid tumor), thoracic sarcoma, malignant rhabdoid
tumor of the uterus etc. Concomitant loss of SMARCA4 and BRM in non small cell lung cancer is
associated with worse prognosis [23].Loss of expression of SMARCA4 is associated with improved
prognosis in clear cell renal cell carcinoma [24].Increased SMARCA4 expression is associated with
Wworse prognosis in patients with breast invasive ductal carcinoma, hepatocellular carcinoma and
clear cell renal cell carcinoma [25,13].

However role of SMARCAA4 is not well established in breast cancer.

The mammalian switch/sucrose non-fermentable (MSWI/SNF or BAF) complex is an ATP-
dependent chromatin remodeller. It uses the energy from ATP hydrolysis to slide, evict, deposit or
alter the composition of nucleosomes, regulating the access of chromatin to other DNA-binding
factors and transcriptional machinery [26, 27]. It plays critical roles in the development,
differentiation and other important cellular processes like DNA replication and repair[28]. The BAF
multimeric complex is formed by the combinatorial assembly of two mutually exclusive ATP-
dependent helicases, SMARCA2 (BRM) and SMARCA4 (BRG1), with multiple accessory subunits
that facilitate DNA-histone-binding, allowing for extensive complex diversity and tissue-specific
functions [29].

Cancer genomic studies in primary human tumors and tumor-derived cell lines revealed more than
20% of human tumors have mutations in one or more BAF subunits, with certain subunits found
mutated in unique tumor types [30-34]. Many of these mutations are loss-of-function, and a large
body of work has demonstrated that these complexes are in fact bonafide tumor suppressors [35-38].
Alterations in the core catalytic subunit, SMARCA4, have been found in multiple tumor types [39-
44]. Recent studies have demonstrated that SMARCA4 mutations in the ATP-binding pocket fail to
evict polycomb repressive complex (PRC)-1 from chromatin and result in the loss of enhancer
accessibility [32,33].
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Strategies to therapeutically target BAF-mutant cancers have focused on identifying novel
vulnerabilities due to the altered chromatin state caused by these mutations. Indeed, subsets of
SMARCAA4-deficient tumors were found to be sensitive to EZH2 inhibition, the catalytic subunit of
PRC-2, with SMARCAZ2 expression potentially serving as a biomarker of insensitivity [45].
Synthetic lethal screens have also identified paralog dependence as an alternate vulnerability [46-
50]. As BAF complexes have gained many paralogs that play distinct functions during development,
somatic alterations in one paralog will result in a complete dependence on the remaining functional
paralog for survival. Consequently, SMARCA2 has become an appealing therapeutic target in
tumors that have mutation-driven loss of SMARCA4, and multiple efforts are ongoing to develop
small molecule inhibitors of SMARCAZ activity or degraders [51-53].

Genomic studies thus far have described SMARCA4 alterations with limited patient data and have
failed to assess differences in zygosity and co-occurrence with alterations in other BAF subunits and
oncogenic drivers. However, to fully translate any potential SMARCA2-directed therapy into the
clinic, it is imperative to understand the full spectrum of SMARCA4 mutations and their functional
consequence.

The SMARCAA4 gene has not yet been characterized for any predisposing role in breast cancer. The
evidence suggests that SMARCAA4, along with other SWI/SNF complex genes, is significantly
mutated in several cancers [54]. A study by Erica et al has reported that Low expression of
SMARCAA4/BRG1 is significantly associated with worse prognosis in non-small cell lung cancer
[55]. Jin et al demonstrated that BRG1 plays an important role in human breast cancer pathogenesis.
Increased BRGL1 expression may facilitate tumor progression by enhancing cell growth, migration
and invasion [56].Interestingly, a study by Gunjesh Kumar et al found a sequence change at codon
243 replaced glycine with serine in the SMARCAA4 protein (p. Gly243Ser) in a breast cancer patient
[57]. This particular variant has been reported in the literature in other malignancies with unknown
significance, but not in breast carcinoma[58].Akihiko Yoshida et al suggested that SMARCA4
deficiency showed a protective role in thoracic carcinoma [59].They also mentioned comparative
analysis supported the distinctiveness of SMARCAA4-deficient thoracic sarcomas as they were
distinguishable from 13 malignant rhabdoid tumors, 15 epithelioid sarcomas, and 12 SMARCA4-
deficient lung carcinomas based on clinicopathological and immunohistochemical grounds.The
study aims to assess the pattern of polymorphism of Gly243Ser of SMARCAA4 in breast cancer.

FUTURE RESEARCH PERSPECTIVES

There is a scarcity of literature which explores the role of Gly243Ser of SMARCA4 Gene
Polymorphism in the pathogenesis of breast cancer to the best of our knowledge. SMARCA4 gene
is associated with DNA remodelling and damage repair mechanisms. Mutations of SMARCA4 may
result in deranged DNA damage repair mechanisms and may contribute to the pathogenesis of
breast cancer. A study may be planned to find out the association between Gly243Ser of SMARCA4
Gene Polymorphism, DNA damage and breast cancer.

CONCLUSION

Role of SMARCA4 gene has been least studied in breast cancer. If there is an association between
the Gly243Ser of SMARCA4 gene polymorphism and breast cancer, detection of mutated allele
could be a novel biomarker for the prediction of breast cancer. If the association between the gene
polymorphism and clinical staging of the disease is established, probably mutated allele could be a
predictor of invasiveness as well as a prognostic marker. Early prediction of cancer breast may help
in personalizing the therapy which may lead to better prognosis. Early detection and treatment will
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definitely improve quality of life of breast cancer patients. This study may reveal the role of
Gly243Ser of SMARCA4 in carcinoma of breast. SMARCA4 may also be a potential therapeutic
target to treat hormone resistant breast cancers.
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