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Abstract 

In the past decade, numerous epigenetic mechanisms have been discovered to be associated with cancer. The 
mammalian SWI/SNF complex is an ATP-dependent chromatin remodeling complex whose mutations are associated 
with various malignancies including breast cancer. As the SWI/SNF complex has become one of the most commonly 
mutated complexes in cancer, targeting epigenetic mutations acquired during breast cancer progress is a potential 
means of improving clinical efficacy in treatment strategies. This article reviews the composition of the SWI/SNF com-
plex, its main roles and research progress in breast cancer, and links these findings to the latest discoveries in cancer 
epigenomics to discuss the potential mechanisms and therapeutic potential of SWI/SNF in breast cancer.
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Background
Among women, breast cancer has become the most com-
monly diagnosed cancer and is currently a leading cause 
of cancer worldwide [1]. Despite remaining the leading 
cause of cancer deaths among women, the mortality rate 
of breast cancer has declined in the past decade. This can 
mainly be attributed to detecting breast cancer earlier 
through screening, as well as to improved understand-
ing and treatment of the disease. Molecular subtypes of 
breast cancer are of great significance for individualized 
treatment of patients. Epigenetic abnormalities contrib-
ute to the development of cancer, and cancer cells often 
change the levels or activity of epigenetic regulatory 
proteins [2]. Therefore, continuing to explore effective 
molecular markers in breast cancer is of great importance 

for clinical treatment. The SWI/SNF chromatin remod-
eling complex has been found to be one of the most 
widely mutated protein complexes in human cancers. 
This complex uses the energy generated by ATP hydroly-
sis to mobilize nucleosomes, regulating chromatin struc-
ture [3]. Previous studies have found that approximately 
30% of breast tumors have genetic alterations in one or 
more SWI/SNF subunits, with gene amplification being 
the most common. These gain and loss of function muta-
tions are associated with cancer initiation and progres-
sion in various ways [4]. Therefore, this article reviews 
the research progress of SWI/SNF complex subunits in 
breast cancer in recent years.

Introduction to the SWI/SNF family
The SWI/SNF complex is composed of three types of 
subunits: the ATPase, core subunits, and auxiliary sub-
units (Fig.  1) [5, 6]. Although the exact mechanism by 
which the SWI/SNF complex modifies chromatin struc-
ture is not fully understood, current knowledge suggests 
that its main mechanism involves ATPase-dependent 
disruption of histone-DNA binding and the resulting 
“sliding” of nucleosomes. The SWI/SNF complex remod-
els nucleosome structure, using the energy of ATP, to 
mobilize nucleosomes by sliding and catalyzing the 

Open Access

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom-
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Epigenetics & Chromatin

*Correspondence:
Haolin Hu
huhaolin1234@126.com
1 School of Medicine, Southeast University, Nanjing 210009, Jiangsu, 
China
2 Department of Surgery, TUM School of Medicine,  Klinikum rechts der 
Isar, Technical University of Munich, 81675 Munich, Germany
3 Breast Center, Zhongda Hospital, School of Medicine, Southeast 
University, 87 Dingjiaqiao Road, Nanjing 210009, Jiangsu, China

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13072-024-00531-z&domain=pdf


Page 2 of 10Li et al. Epigenetics & Chromatin            (2024) 17:4 

eviction of histone octamers [7]. These complexes play 
important roles in gene expression regulation and main-
taining stem cell pluripotency [8]. Each SWI/SNF com-
plex contains only one of two ATPases, BRM (Brahma) 
or BRG1 (Brahma-Related Gene 1). The SWI/SNF com-
plex is composed of products of a total of 29 genes, form-
ing three final forms of complexes containing different 
variations: BAF (BRG1/BRM-associated factor), PBAF 
(Polybromo-associated BAF complex), and newly defined 
ncBAF (non-canonical BAF) [9–11]. Each complex iso-
form has 10–12 proteins as core and auxiliary subunits. 
The ARID1A (BAF250a) and ARID1B (BAF250b) subu-
nits exclude each other and exist only in the BAF com-
plex. BAF180, BAF200, and BRD7 exist only in the PBAF 
complex [12]. The subunits specific to the ncBAF com-
plex mainly include GLTSCR1/GLTSCR1L and BRD9, 
which mainly regulate preserved non-fusion sites and 
maintain the gene expression of preserved mSWI/SNF 
(mammalian SWI/SNF) sites [9, 10].

Chromatin remodeling complexes participate in the 
dynamic transcriptional regulation of many genes. 
Although SWI/SNF performs biochemical functions 
different from typical sequence-specific transcription 
factors (they act as master regulators during develop-
ment and control the expression of numerous targets), it 
cooperates with or even control these factors to regulate 

overlapping downstream targets. Therefore, a single 
mutation that causes SWI/SNF inactivation or activation 
of a “master” transcription factor may lead to changes 
in the regulation of many downstream genetic pathways 
[13].

As tumor suppressor genes are defined as “guardians” 
that maintain genomic integrity and regulate cell prolifer-
ation, cell cycle, or promote apoptosis [8], recent studies 
have found that the development of tumors depends on 
both epigenetic and genomic changes [14, 15]. Chromatin 
structure is regulated by two classes of cooperatively act-
ing complexes: the first class covalently modifies histone 
tails, and the second class reshapes nucleosomes in an 
ATP-dependent manner. In ATP-dependent chromatin 
remodeling, the SWI/SNF complex, which bears 9 ~ 12 
subunits individually and has ATP-dependent nucleo-
some remodeling activity, is the most common dysregu-
lated complex in cancer [16, 17]. Mammalian SWI/SNF 
enzyme function is highly dependent on the environ-
ment, and changes in relative subunit concentrations can 
lead to pathological gene activity through aberrant gene 
(in) activation, which can have negative or positive effects 
on transcriptional activity [18]. Therefore, overexpression 
of SWI/SNF subunits may similarly lead to the develop-
ment or acceleration of cancer [19]. Regarding the epi-
genetic tumor suppressor function, many studies have 

Fig. 1 The three forms of SWI/SNF complex and subunits of composition: The SWI/SNF complex is composed of products of a total of 29 genes, 
forming three final forms of complexes containing different variations: BAF, PBAF and ncBAF, each complex is composed of ATPase subunit(yellow), 
shared subunits(blue and grey) and particular subunits(green)
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shown that SWI/SNF inactivation leads to increased sen-
sitivity to DNA damage, suggesting that these complexes 
play an important role in DNA damage response [20, 21]. 
ARID1A has been proved to directly participate in DNA 
repair processes, such as promoting DNA end resection 
[22]. Additionally, several studies have suggested that 
ARID1A is associated with transcriptional regulation by 
inducing nuclear hormone and expression of cell cycle 
regulators. Notabaly, ARID1A mutations are common in 
hormone-responsive cancers such as breast and ovarian 
cancer [21, 23–25].

The role of SWI/SNF complex in breast cancer
The concept of precision oncology is based on the 
assumption that understanding the genomic basis of a 
patient’s cancer will guide the selection of potentially 
effective targeted therapies [26]. Known and relatively 
common breast cancer gene mutations, such as TP53, 
PIK3CA, and GATA3, are typically found in primary 
and recurrent specimens. In contrast, mutations in low-
frequency cancer genes are typically only found in can-
cer relapse. This pattern is particularly significant for 
genes involved in SWI/SNF signaling, such as ARID1A, 
ARID1B, and ARID2, which are typically wild-type in 
primary lesions but inactivated in recurrent lesions. The 
following sections of this article will provide an overview 

of the specific research progress on SWI/SNF complex-
related subunits in breast cancer.

The ARID1A and ARID1B BAF‑specific subunits 
in breast cancer
ARID1A
A vital role is performed by ARID1A under regular cir-
cumstances, ensuring genomic stability and address-
ing DNA damage [27]. Although ARID1A is not a core 
subunit of the SWI/SNF complex, it is the most com-
mon SWI/SNF mutation component in breast cancer 
[28]. As ARID1A functions in cell cycle inhibition, based 
on the observed loss-of-function mutation spectrum in 
various cancers, it is speculated to be a tumor suppres-
sor. It has been found that acquisition of ARID1A func-
tion can be promoted by enhancing oxidative stress [29, 
30]. Conversely, the loss of ARID1A during late-stage 
tumor growth hinders the transcription of genes linked 
to migration, invasion, and metastasis. Further research 
is necessary to elucidate the reasons behind the observed 
variations in the expression of this biomarker [30].

After migration assays, it was found that ARID1A 
can effectively inhibit cell migration in multiple breast 
cancer cell lines (Fig. 2). These results strongly suggest 
that in  vitro, ARID1A is a tumor suppressor gene in 
breast cancer cells [31]. Loss of ARID1A in the process 

Fig. 2 Influences ofARID1A and ARID1B on breast cancer: As is illustrated in this figure, ARID1A can affect breast cancer by (a) inhibiting cell 
migration, (b) mediating endocrine therapy resistance and it has association with metastatic breast cancer. Its expression tend to impact 
the function of PARP, PIK3CA, PTEN, P53(+) percentage, Ki-67 expression and so on. For ARID1B, its roles include identifying driver mutations, 
inhibiting cell cycle activity, promoting proliferation, e.t.c. The level of ARID1B expression is associated with the disease-free survival, tumor size 
and grade, as well as the nuclear polymorphism
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of carcinogenesis may make early cancer cells prone to 
genomic instability. Therefore, increasing ARID1A lev-
els and SWI/SNF complex activity in normal breast epi-
thelium may be beneficial in inhibiting the formation 
of cancer cells. With CRISPR/Cas9 technology, scien-
tists have found that breast cancer cells with ARID1A 
knockout had increased proliferation under estrogen 
deprivation conditions, compared to controls [32]. 
Several studies have shown a correlation between loss-
of-function mutations in ARID1A and the presence of 
activating mutations in PIK3CA, loss of PTEN expres-
sion [33], and loss of p53 function [34, 35]. The inhibi-
tion of PARP1, HDAC2/6, Aurora kinase A, CDK4/6, or 
PI3K/Akt has led to many synthetic lethality (the crea-
tion of a lethal phenotype from the combined effects of 
mutations in two or more genes) treatment opportuni-
ties based on ARID1A mutations and mismatch repair 
defects [36–38].

ARID1A mutations are also considered a mediator of 
endocrine therapy resistance in metastatic ER-positive 
breast cancer [28]. Recent analyses suggest that ARID1A 
changes are more abundant in the metastatic environ-
ment after endocrine therapy than in untreated primary 
tumors. The impact of ARID1A loss on gene expression 
was assessed using RNA sequencing (RNA-seq) analysis. 
The results revealed a significant effect and emphasizing 
the critical role of chromatin controlled by ARID1A in 
gene expression in ER-positive breast cancer. Observa-
tional results also suggest that ER binding to chromatin 
depends on ARID1A. Consequently, the loss of ARID1A 
affects estrogen-mediated transcription, with over 40% 
of estrogen-regulated genes relying on ARID1A for 
regulation. After the loss of ARID1A, the expression of 
ER target genes is significantly downregulated. Clinical 
genomic studies have further demonstrated that patients 
with ARID1A alterations exhibit a poorer response to ER 
degradation products, indicating a potential weakening 
of ER dependency in these patients.

It has been proven that ARID1A plays an impor-
tant role in chromatin reprogramming, and inactivated 
ARID1A mutations occur more frequently in metastatic 
tumors and tumors with hormone therapy progression. 
This may give rise to the long-term selective inhibition 
of ER, which results in cells with acquired inactivated 
ARID1A mutations, becoming independent of ER ther-
apy. Further research is needed to determine whether 
epigenetic regulation can reverse or delay lineage transi-
tions, thereby prolonging the response to endocrine ther-
apy [32]. Clinical pathological analysis shows that low 
ARID1A mRNA expression in breast cancer is associated 
with advanced tumors, increased P53(+) percentage, and 
high Ki-67 expression, and 78% of triple-negative breast 
cancers exhibit low ARID1A expression [39].

Dysregulated cell proliferation is a key hallmark of can-
cer, and targeting cell proliferation signaling is a widely 
used strategy in cancer treatment. Therapeutic strategies 
have been reported for ARID1A-mutant breast cancer 
based on synthetic lethality and cell dependency, such 
as some PARP, EZH2, and BRD4 inhibitors. Currently, 
CDK4/6 inhibitors have shown promising potential as 
a new strategy for treating ARID1A-mutant metastatic 
breast cancer. Additionally, research has revealed that 
cells with reduced ARID1A expression have a selective 
decrease in survival when treated with PARP inhibitors. 
The absence of ARID1A may render cancer cells more 
sensitive to PARP inhibition through specific pathways. 
PARP inhibitors also demonstrate targeted effectiveness 
against ARID1A-deficient cells [40]. Further mechanis-
tic studies and clinical trials are needed to determine the 
efficacy of cancer targets driven by ARID1A mutations 
[41].

ARID1B
ARID1B plays an important role in mammalian devel-
opment by regulating the cell cycle during differen-
tiation [42]. Studies using comprehensive analysis of 
cancer genome sequencing have identified loss-of-func-
tion mutations in either ARID1A and/or ARID1B in 
various cells, suggesting that they may encode products 
related to tumor development [43]. An in  vitro study 
showed that ARID1B is a specific determinant of the 
SWI/SNF complex, has a broad role in promoting pro-
liferation, and also plays a significant role in inhibiting 
cell cycle activity, making it an attractive therapeutic tar-
get for cancer treatment [19, 42]. There is experiments 
proving that cell proliferation and cell cycle progres-
sion are disturbed in embryonic stem cells (ES cells) 
deficient in ARID1B, which may have something to do 
with the markedly reduction of the expression of many 
pluripotency genes. Data suggest that ES cells with low 
expression of ARID1B are deficient in maintaining undif-
ferentiated state [44]. Compared with this, another study 
shows that BAF250a is critical for the maintenance of 
ES cell self-renewal, and for lineage-specific differen-
tiation of ES cells in  vitro [45]. A previous study dem-
onstrated that ARID1B exhibits specific vulnerability 
in human cancers with ARID1A mutations, and that 
ARID1A deficiency may make cancer cells more depend-
ent on ARID1B. Depletion of ARID1B also disrupts the 
stability of the SWI/SNF complex and inhibits the pro-
liferation of ARID1A-deficient breast cancer [41, 46]. 
These two homologs are mutually exclusive, and any 
one BAF complex contains only one of them [16, 47]. 
Loss of ARID1A cannot be compensated by increas-
ing ARID1B expression, and in most tumor samples, the 
expression of ARID1B is also lower than that of ARID1A 
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[48], suggesting that ARID1B is necessary for promoting 
tumor development in ARID1A mutations. Given its pro-
liferative function, ARID1B may have an opposite effect 
in tumors caused by ARID1A mutations [19].

In breast cancer, ARID1B is identified as one of the 
driver mutations that give cancer cells a clonal selective 
advantage [49]. Univariate statistical analysis showed 
that high expression of ARID1B is closely related to the 
age of breast cancer patients, tumor size, histological 
tumor grade, and nuclear polymorphism. Multivariate 
data analysis further suggests that ARID1B expression 
level is an independent predictive factor for tumor size, 
tumor grade, and nuclear polymorphism. In addition, 
analysis has shown that the level of ARID1B expres-
sion is associated with the disease-free survival of 
breast cancer patients, and that the 5-year survival rate 
of ARID1B-positive patients is significantly lower than 
that of ARID1B-negative patients [19]. Therefore, high 
expression of ARID1B may contribute to the occurrence 
of breast cancer. Current research also indicates that 
ARID1B is highly expressed in triple-negative breast can-
cer subtypes compared to other molecular subtypes of 
breast cancer [43].

In summary, ARID1B may be a prognostic and predic-
tive biomarker for breast cancer and an effective thera-
peutic target for its treatment.

The PBRM1 and ARID2 PBAF subunits in breast 
cancer
PBRM1
PBRM1 is located on chromosome 3p21 and is a com-
ponent of the SWI/SNF complex in mammalian cells, 
encoding the BRG1-associated factor 180 protein. The 
protein encoded by this gene participates in DNA repli-
cation, transcription, repair, and regulates cell prolifera-
tion and differentiation. Due to its ability to regulate p21 
expression under different environmental stimuli (such 
as TGF-β treatment or DNA damage), BAF180 is crucial 
for regulating the cell cycle and plays a vital role in pre-
venting tumor development by promoting centromere 
cohesion and ensuring genomic stability [50]. Studies 
have shown that PBRM1 not only plays a critical role in 
preventing tumor development, but also participates in 
regulating genes implicated in the DNA damage response 
and maintaining redox equilibrium [51, 52]. PBRM1 
binds to the p21 promoter and regulates baseline and 
signal-dependent p21 transcription, thereby inhibiting 
tumor development in breast cancer cells, indicating that 
PBRM1 is a tumor suppressor gene mutated in breast 
cancer [53]. PBRM1 is an essential factor that indepen-
dently impacts the prognosis of breast cancer patients. 
Its expression is strongly correlated with the clinical 
stage and lymph node status of breast cancer patients, 

serving as a significant indicator for overall survival and 
recurrence-free survival in these patients. Compared 
to matched non-cancerous tissues, the expression of 
PBRM1 is significantly decreased in breast cancer tissues, 
and its low expression is associated with poor clinical 
outcomes in breast cancer patients, further indicating its 
tumor suppressor function [54]. In addition, PBRM1 also 
affects the anti-tumor immune response [55], especially 
in preclinical cancer models by mediating resistance to 
T-cell-dependent killing [56, 57]. As a tumor suppres-
sor gene, PBRM1 may be involved in the occurrence and 
development of breast cancer and is a valuable prognos-
tic indicator for breast cancer patients, further research is 
needed to explore other potential molecular mechanisms 
[54].

ARID2
Similar to PBRM1, ARID2 (BAF200) encodes a subu-
nit that is only present in the PBAF complex. ARID2 is 
not a homolog of ARID1A/ ARID1B, although it shares 
a common AT-rich interaction domain with these three 
subunits and some common structural similarities, but it 
is mutually exclusive with ARID1A/ ARID1B. ARID2 fre-
quently undergoes mutations in other malignant tumors 
[58]. Research indicates that there is a frequent occur-
rence of low expression of ARID2 in non-luminal breast 
cancer subtypes. Additionally, this lowered expression is 
a predictor of poor survival in ER-positive breast cancer 
patients [59]. So far, there are few reports on the rela-
tionship between ARID2 and breast cancer, and further 
research is needed to determine the role and mechanism 
of ARID2 in breast cancer.

BRG1&BRM
The SWI/SNF complex always contains a catalytic subu-
nit, either BRM or BRG1. BRM and BRG1 are mutually 
exclusive ATPase subunits, and studies have identified 
BRM as an effective synthetic lethal target for BRG1-
deficient cancers, and vice versa [37, 60, 61]. The SWI/
SNF complex containing BRG1 plays a critical role in 
regulating cell proliferation, lineage specification, and 
maintaining pluripotency in early embryonic develop-
ment. Interestingly, BRG1’s function varies depending 
on the type of cancer, as it can either exhibit tumor-sup-
pressive or tumor-promoting properties [62, 63]. Many 
reports indicate that BRG1 promotes autophagy and hin-
ders apoptosis. These processes aid cancer development 
and impede treatment. BRG1 collaborates with cancer-
specific proteins to block apoptosis, and reducing BRG1 
could facilitate alternative treatments like chemotherapy 
[64]. Studies have shown that both BRG1 and BRM are 
highly expressed in primary breast cancer compared to 
normal breast tissue and are necessary for in  vitro and 



Page 6 of 10Li et al. Epigenetics & Chromatin            (2024) 17:4 

in vivo cancer cell proliferation [63, 65]. Therefore, BRG1 
and BRM may be druggable targets in breast cancer, and 
the mechanism by which BRG1 expression increases can-
cer progression may be through promoting cell growth, 
migration, and invasion [65]. BRG1 can bind to the pro-
moter of overexpressed genes in primary breast cancer 
cell lines and directly activate their transcription. BRG1 
complexes formed at these sites interact with EP300 and 
PARP1 to guide breast cancer cell proliferation and tran-
scription of DNA repair genes [66–68].

In different types of breast cancer, BRG1 may promote 
cell proliferation through various mechanisms (as shown 
in Fig. 3), such as controlling gene transcription by pro-
moting expression of genes responsible for cell cycle 
progression, and operating at gene promoters in asso-
ciation with E2F transcription factors. In addition, BRG1 
directly interacts with BRCA1 tumor suppressor and 
subsequently stimulates transcriptional activity of the 
P53 protein, and has been documented to regulate cell 
proliferation by cooperating with P53 and then Inhibit-
ing the activity of tumor suppressor [65–67]. In triple-
negative breast cancer, BRG1 first promotes lipogenesis 
(especially fatty acid synthesis) to support cell prolifera-
tion. Even if exogenous fatty acids are available, tumor 
cells often use de novo fatty acid synthesis pathways, and 
key enzymes involved in fatty acid and lipid synthesis are 
frequently overexpressed in breast cancer. Knocking out 
BRG1 in triple-negative breast cancer cells significantly 
reduces de novo lipogenesis, which is associated with 

decreased cell proliferation. Additionally, BRG1 upregu-
lates the expression of enzymes responsible for fatty acid 
and lipid biosynthesis and may upregulate them directly 
[69]. However, the universality of these findings in other 
types of breast cancer requires further investigation [18]. 
Given that BRG1 and BRM expression levels are nega-
tively correlated with breast cancer patient prognosis, 
knocking out BRG1 or BRM may delay or weaken tumor 
initiation. Knocking out BRG1 or BRM leads to inhibited 
colony formation and xenograft formation. This suggests 
that BRG1 and BRM ATPases potentially promote breast 
cancer cell proliferation. By knocking out BRG1 and/or 
BRM, breast cancer cell proliferation can be reduced due 
to a decrease in the rate of cell cycle progression.

Additionally, evidence suggests that the effects of 
BRG1 and BRM on cell proliferation are partly medi-
ated through independent mechanisms. Combined 
knockdown of BRG1 and BRM has an additive effect on 
cell proliferation, while individual CRISPR/Cas9-medi-
ated knockdown of BRG1 or BRM reduces cell viability, 
indicating that BRG1 and BRM have at least partially 
non-overlapping roles in promoting breast cancer cell 
proliferation [63]. BRG1 knockout in mammary epithelial 
cells slows down the rate of cell proliferation, rather than 
inducing a cell type with more invasive features lacking 
tumor suppressors. Knockdown of BRG1 in breast cancer 
cells similarly leads to reduced proliferation rates in vitro 
and in  situ xenografts [63, 65], while complete knock-
out of BRG1 via CRISPR/Cas9 technology results in cell 

Fig. 3 Different mechanisms of BRG1 promoting breast cancer cell proliferation: This figure lists some of the mechanisms that BRG1 promote breast 
cancer cell proliferation, BRG1 can: (1) operate with E2F transcription factors at gene promoters in proliferation in breast cancer cells, (2) controlling 
gene transcription, (3) stimulate transcriptional activity of the P53 protein and subsequently inhibiting the activity of tumor suppressor, (4) interact 
with BRCA1 to remodel chromatin and control the activity of p53 protein
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death, confirming the requirement of BRG1 for breast 
cancer cell survival [63].

Studies have demonstrated that knockout of either 
ATPase reduces tumor formation and growth in xeno-
grafts and slows down cell proliferation in  vitro in tri-
ple-negative breast cancer cells. These data suggest that 
both BRG1 and BRM are necessary to promote breast 
cancer cell proliferation in triple-negative breast can-
cer cell lines, and knockdown of both ATPases can pre-
cisely reduce cell proliferation by decreasing the rate 
of cell cycle progression [63]. Additionally, drug treat-
ment increases the binding of BRG1 to drug transporter 
promoters. Recent reports show that BRG1 knockout 
increases sensitivity to a class of chemotherapy drugs 
currently used in clinical settings [70], such as 5-FU and 
paclitaxel, inducing BRG1-dependent drug transporter 
gene expression leading to increased intracellular drug 
concentrations. Some of these results have been attrib-
uted to BRG1-dependent induction of ABC transporters 
[70, 71]. Knockout of BRG1 eliminates transporter induc-
tion and, more importantly, increases intracellular drug 
concentrations, thus increasing chemotherapy sensitivity 
[18]. Recent data also suggest that the lack of BRG1 activ-
ity may make cancer cells susceptible to drugs by inhibit-
ing drug efflux and weakening DNA damage elimination. 
Attempts to inhibit BRG1 and/or BRM may be particu-
larly important in the treatment of triple-negative or 
ER/PR-negative and HER2-low to normal breast cancer, 
especially in cases where targeted therapy is not feasible 
and patients can only benefit from low-targeted cytotoxic 
drugs. These findings suggest potential future applica-
tions of BRG1 and/or BRM inhibitors or antagonists in 
breast cancer treatment [67].

Conclusion
The SWI/SNF complex plays a critical role in the regu-
lation of gene expression and chromatin remodeling. In 
breast cancer, studies have shown that alterations in the 
SWI/SNF complex components, including mutations 
and aberrant expression levels, are frequently observed. 
These alterations can lead to dysregulation of key genes 
involved in tumor suppression, DNA repair, and cell cycle 
control, contributing to the development and progres-
sion of breast cancer. Given the vast involvement of the 
complex and its associates in diverse physiological path-
ways, through direct and indirect means, the incidence of 
SWI/SNF’s influence on cancers might be considerably 
higher [72]. Furthermore, extensive research has linked 
the SWI/SNF complex to drug resistance and metasta-
sis in breast cancer. Deciphering the intricate relation-
ship between breast cancer and the SWI/SNF complex 
not only enhances our understanding of the molecular 

mechanisms driving this disease but also holds promise 
for the advancement of targeted therapeutic approaches.

Cancer is a progression of many changes in cellular 
states, with one or more programmed genetic alterations 
driving increased proliferation or a cancer metabolic phe-
notype. Recent technological advancements have paved 
the way for the study of single-cell epigenetics, with sin-
gle-cell CHIP-seq used to profile active and inhibitory 
chromatin modifications in breast cancer cells [73], and 
single-cell analysis of chromatin accessibility performed 
in a variety of adult mouse tissues, developing mouse 
mammary glands, and mouse models of breast cancer 
[74–76]. Furthermore, a variety of “multi-omics” single-
cell experiments have emerged, combining transcriptom-
ics, epigenomics, and proteomics analysis, offering hope 
for future experiments [77, 78]. The combination of sin-
gle-cell epigenetics and transcriptomics may provide new 
insights into the role of the SWI/SNF complex in breast 
cancer. Recognizing and comprehending the presence 
of cellular heterogeneity in breast cancer is crucial, as it 
can inform clinical strategies aimed at addressing tumor 
heterogeneity. By gaining insights into this complex land-
scape, novel opportunities arise for the development of 
precise and targeted therapeutics. Consequently, disrupt-
ing the overall transcriptional program by targeting spe-
cific epigenetic regulators represents a promising avenue 
to impede the progression of cancer [63].

Combining epigenetic therapy with conventional 
chemotherapy has great potential in the treatment 
of cancer, focusing on the SWI/SNF complex could 
potentially augment the efficacy of current treatment 
protocols. To fully ascertain this potential, further 
investigation is required to discern the disparities in 
SWI/SNF subunit expression between normal and 
cancer cells [70]. While our understanding of the rela-
tionship between SWI/SNF subunit expression is still 
limited, available literature indicates that disrupting 
one ATPase can result in the upregulation of the other 
ATPase, a phenomenon known as functional compen-
sation. This concept poses additional challenges for 
therapies targeting both ATPases. Furthermore, sig-
nificant gaps remain in our knowledge regarding how 
manipulating one subunit affects the expression of 
other subunits [79], the assembly process of the enzyme 
complex [48], and the subsequent consequences for 
both individual subunits and the overall functionality 
of the enzyme [18]. Additional research is imperative 
to unravel the complexities of these relationships and 
comprehend their implications for future therapeu-
tic interventions. The dysregulation of the SWI/SNF 
complex is multifaceted, making it difficult to iden-
tify correlations between single biomarkers and clini-
cal pathological patient characteristics and survival 
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rates [80]. However, this is the beginning of an excit-
ing new research phase, and undoubtedly people will 
continue to search for other molecules that can inhibit 
cancer cell proliferation. The real challenge lies in con-
ducting additional studies to ascertain the efficacy and 
specificity of these molecules in targeting breast cancer 
patients, extending beyond the confines of cancer cell 
models cultivated in vitro.
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