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Abstract

SWI/SNF is a multi-subunit chromatin remodeling complex that performs fundamental roles in
gene regulation, cell lineage specification, and organismal development. Mutations that inactivate
SWI/SNF subunits are found in nearly 20% of human cancers, which indicates that the proper
functioning of this complex is necessary to prevent tumor formation in diverse tissues. Recent
studies show that SWI/SNF-mutant cancers depend on residual SWI/SNF complexes for their
aberrant growth, thus revealing synthetic lethal interactions that could be exploited for therapeutic
purposes. Other studies show that certain acute leukemias and small cell lung cancers, which lack
SWI/SNF mutations, can be vulnerable to inhibition of the SWI/SNF ATPase subunit BRG1,
while several normal and malignant cell types lack this sensitivity. Here, we review the emerging
evidence that implicates SWI/SNF as a tumor dependency and candidate drug target in human
cancer.
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The SWI/SNF chromatin remodeling complex

The task of deriving a large number of distinct gene expression programs from a single
genome is accomplished in part through the regulation of chromatin structure. Hence,
mechanisms to condense or loosen chromatin are an integral component of eukaryotic gene
regulation. Prominent among such mechanisms are the activities of chromatin remodeling
complexes, which use the energy derived from ATP hydrolysis to disrupt histone-DNA
contacts, thereby controlling access of nuclear machinery to DNA [1]. Four classes of
chromatin remodeling complexes have been defined (SWI/SNF, ISWI, CHD and INO80)
that share a conserved ATPase domain but function in a largely non-redundant manner to
influence discrete aspects of transcriptional regulation, DNA replication, and DNA repair in
a chromatin environment [2, 3].
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The multi-subunit SWI/SNF complex is one of the most thoroughly studied chromatin
remodelers. Early studies in the budding yeast S. cerevisiae implicated the complex in a
variety of transcriptional responses that are accompanied by changes in DNA accessibility at
the associated promoter regions [4-7]. The requirement for SWI/SNF at these genes could be
alleviated by reducing the expression of core histones, which first suggested that SWI/SNF
acts to overcome the nucleosome barrier to allow transcription [7]. However, the influence
of SWI/SNF activity on gene expression is highly contextual, in that it can repress some
promoters while in other cases it promotes gene activation [8]. Biochemical purifications led
to the description of yeast SWI/SNF as a 12 subunit complex that can disrupt histone-DNA
contacts in an ATP-dependent manner on purified nucleosome templates, thereby allowing
transcription factors to access their cognate DNA elements [9-11]. In vitro and in vivo,
chromatin remodeling by yeast SWI/SNF can lead to a variety of different outcomes,
including nucleosome sliding, nucleosome eviction, and selective removal of H2A/H2B
dimers [12].

The mammalian SWI/SNF complex (also known as BAF) exhibits a similar nucleosome
remodeling activity in vitro as its yeast counterpart [13-16]. This activity can be
reconstituted with a set of four core subunits (BRG1/SMARCA4, SNF5/SMARCB],
BAF155/SMARCC1, and BAF170/SMARCC?2), which have orthologs in the yeast complex
[17]. However, mammalian SWI/SNF contains several subunits not found in the yeast
counterpart, which can provide interaction surfaces for chromatin (e.g. acetyl-lysine
recognition by bromodomains) or transcription factors and thus contribute to the genomic
targeting of the complex (Figure 1A) [13, 18, 19]. A key attribute of mammalian SWI/SNF
(hereafter referred to simply as SWI/SNF) is the heterogeneity of subunit configurations that
can exist in different tissues and even in a single cell type (Figure 1B-F) [13, 18, 20].
Several individual SWI/SNF subunits are encoded by gene families, whose protein products
are mutually exclusive in the complex [20]. Thus, only one paralog is incorporated in a
given SWI/SNF assembly. Combinatorial association of SWI/SNF subunits could in
principle give rise to hundreds of distinct complexes, although the exact number has yet to
be determined (Figure 1) [20].

Genetic evidence suggests that distinct subunit configurations of SWI/SNF are equipped to
perform specialized functions. As an example, SWI/SNF contains one of two ATPase
subunits, BRG1 or BRM/SMARCAZ2, which share 75% amino acid sequence identity [16].
While in certain cell types BRG1 and BRM can compensate for loss of the other subunit, in
other contexts these two ATPases perform divergent functions [21-25]. In some cell types,
BRG1 and BRM can even functionally oppose one another to regulate differentiation [26].
The functional specificity of BRG1 and BRM has been linked to sequence variations near
their N-terminus, which have different interaction specificities for transcription factors [27].
Another example of paralogous subunits that form mutually exclusive SWI/SNF complexes
are ARID1A/BAF250A, ARID1B/BAF250B, and ARID2/BAF200 [28-30]. ARID1A and
ARID1B share 60% sequence identity, but yet can perform opposing functions in regulating
the cell cycle, with MYC being an important downstream target of each paralog [31]. ARID2
has diverged considerably from ARID1A/ARID1B and exists in a unique SWI/SNF
assembly known as PBAF (or SWI/SNF-B), which contains several unique subunits not
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found in ARID1A/B-containing complexes (Figure 1C) [13, 30]. The composition of
SWI/SNF can also be dynamically reconfigured during cell fate transitions through cell
type-specific expression patterns of certain subunits (Figure 1D-F). For example, BAF53A/
ACTLGA is repressed and replaced by BAF53B/ACTL6B during neuronal differentiation, a
switch that is essential for proper neuronal functions in vivo (Figure 1D-E) [32-35]. These
studies stress that SWI/SNF in fact represents a collection of multi-subunit complexes
whose integrated functions control diverse cellular processes.

Mutational inactivation of SWI/SNF subunits as a tumorigenic mechanism

Two recently published meta-analyses of cancer genome sequencing data estimate that
nearly 20% of human cancers harbor mutations in one (or more) of the genes encoding
SWI/SNF [36, 37]. Such mutations are generally loss-of-function, implicating SWI/SNF as a
major tumor suppressor in diverse cancers. Specific SWI/SNF gene mutations are generally
linked to a specific subset of cancer lineages: SNF5 is mutated in malignant rhabdoid tumors
(MRT) [38, 39], PBRM1/BAF180 is frequently inactivated in renal carcinoma [40], and
BRG1 is mutated in non-small cell lung cancer (NSCLC) and several other cancers [41-43].
The association of specific SWI/SNF subunit mutations with unique tumor spectra would
imply that SWI/SNF performs multiple distinct tumor suppressor functions across these
different malignancies, rather than a single common protective activity.

The role of SNF5 in the pathogenesis of MRT has been most extensively characterized to
date, owing to its early discovery as a tumor suppressor in 1998 [38, 39]. Despite being a
core subunit of SWI/SNF, loss of SNF5 does not disrupt the integrity of the complex, but
instead leads to gene-specific alterations of transcription [44]. Loss of SNF5 has been shown
to deregulate several oncogenic signaling pathways, including Hedgehog, WNT, and MYC
[45-47]. In the absence of SNF5, SWI/SNF complexes are no longer fully capable of
antagonizing the repressive function of EZH2, which is an enzymatic subunit of the histone
H3K27 methyltransferase Polycomb complex, PRC2 [48]. Hence, MRTs lacking SNF5
exhibit robust PRC2-mediated repression, which modulates stem cell-associated gene
expression programs to drive tumor growth [48].

The mechanisms underlying tumorigenesis provoked by mutations in SWI/SNF subunits
other than SNF5 are less well understood, but are likely to differ between individual
subunits. ARID1A and BRG1 have been implicated in preventing DNA entanglements
during mitosis, hence their mutational inactivation could lead to genomic instability in
addition to altered gene expression [49]. In several cellular contexts, loss of SWI/SNF
function leads to impaired cell differentiation or even de-differentiation, which is a hallmark
of many cancers [50, 51]. SWI/SNF mutations can be mutually exclusive with other tumor
suppressor mutations (e.g. PTEN and p53) in certain tumor types, suggesting that SWI/SNF
could perform tumor protective functions that overlap with known pathways [36, 37].
Several review articles provide a more comprehensive overview of the known tumors
suppressor functions performed by various SWI/SNF subunits [52-54].
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Synthetic lethal interactions involving SWI/SNF: vital roles for the residual

complex

Targeting the aberrant molecular pathways of cancer cells is the central paradigm of modern
cancer therapy. Restoring the lost functions of an inactivated tumor suppressor is, however,
far more difficult than inhibiting the function of a hyperactive oncoprotein. An alternative to
reviving inactivated tumor suppressors is to target dependencies created by their absence,
thereby exploiting synthetic-lethal genetic interactions [55]. Synthetic lethality describes a
scenario in which mutations in either of two (or more) individual genes are compatible with
cell viability, while simultaneous mutation of both genes results in cell death. As an
example, the antagonism between SNF5 and EZH2, described above, renders SNF5-mutant
tumors dependent on EZH2 for disease maintenance in animal models [48].
Pharmacological inhibition of the methyltransferase activity of EZH2 selectively inhibits
growth of MRT cell lines with SNF5 mutations but not those with wild type SNF5 [56].
These findings suggest a synthetic lethal interaction between SNF5 and EZH2 and
consequently offer a promising therapeutic approach in this disease. While it remains to be
investigated whether other SWI/SNF-mutant cancers will also be sensitive to EZH2
inhibition, this observation provides support for the concept that SWI/SNF mutations can
create cancer-specific chromatin regulator dependencies.

When a mutated tumor suppressor is part of a multi-subunit protein complex, the question
arises whether it is the lost function of the mutated subunit, the disassembly of the entire
complex, or the deregulated activities of an aberrant residual complex that drive tumor
growth. In the case of SNF5-mutant cancers it was found that the inactivation of this subunit
is not equivalent to a complete loss of SWI/SNF function, as biochemical studies showed
that SNF5 is dispensable for the integrity of SWI/SNF complexes and for specific cellular
transcriptional functions of BRG1 [44]. One study investigated the functional significance of
the residual SWI/SNF complexes that are present in SNF5-mutant MRT [22]. Using RNAI-
based knockdown in human MRT cell lines, it was found that SNF5-deficient cells were
dependent on BRGL1 for their proliferation, whereas BRG1 was dispensable in various
SNF5-proficient cancer lines [22]. This result was further verified in a genetically-
engineered mouse model of SNF5-mutant lymphoma, which was also found to be dependent
on BRGL for disease progression in vivo [22]. This study suggested that loss of a single
SWI/SNF subunit might drive tumorigenesis by unmasking an oncogenic function of
residual BRG1-containing SWI/SNF complexes [22]. However, the observed dependence
could also be explained by the residual SWI/SNF complex performing a lineage-specific
function in allowing cell survival, as BRGL1 is also essential for normal lymphoid
development [57]. While elucidation of the underlying mechanism will require further
investigation, these observations suggest that targeting residual SWI/SNF complexes could
be a therapeutic strategy in SWI/SNF-mutant cancers. This possibility is particularly
desirable as certain SWI/SNF subunits have domains with potential for targeting with small-
molecule inhibitors (e.g. ATPase and bromdomains) (Figure 1A) [58, 59].

As SNF5 mutations are relatively rare outside of MRTS, a key question is whether other
SWI/SNF-mutant tumors are likewise dependent on residual SWI/SNF activity. The
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SWI/SNF ATPase subunit BRG1 is mutationally inactivated or epigenetically silenced in
diverse cancers, including NSCLC, medulloblastoma, and Burkitt’s lymphoma [43, 60, 61].
BRG1-deficient NSCLC generally lacks other targetable oncogenes (such as mutant EGFR),
highlighting the urgent need for therapeutic targets in this form of cancer [62]. Prior studies
suggested that BRG1 and its homolog BRM can compensate, at least in part, for one
another’s essential functions, which raised the possibility that residual BRM-containing
SWI/SNF complexes could be essential for the viability of BRG1-mutant cancers [24, 63]. A
2013 study investigated this question across a panel of human cancer cell lines and revealed
that knockdown of BRM led to growth inhibition of all BRG1-deficient NSCLC lines, but
not in wild type BRG1 proficient cancer or untransformed cells [62]. Targeting BRM led to
suppression of colony formation in vitro and inhibition of tumor growth in vivo, associated
with the induction of cellular senescence [62]. As a key control, the authors showed that
reintroducing wild type BRG1 cDNA in BRG1-deficient cell lines could alleviate the BRM
requirement, thus verifying the causal relationship between the genetic status of BRG1 and
the level of addiction to BRM [62]. Importantly, this synthetic lethal interaction is likely to
be relevant in only a subset of BRG1-mutant tumors, since BRG1-deficiency can often co-
occur with epigenetic silencing of the BRM gene in primary NSCLC tumors [62, 64]. It
remains an unanswered question whether residual SWI/SNF complexes are relevant in dual
BRG1/BRM-deficient cancers. Nonetheless, the minimal phenotypic abnormalities of BRM-
null mice highlight a remarkable selectivity of the BRM dependency for certain BRG1-
mutant cancers [24].

The synthetic lethal interaction between BRG1 and BRM has been independently
corroborated by two other studies that used unbiased negative-selection ShRNA screens [25,
65]. Both screening strategies evaluated dependencies across a large panel of human cancer
cell lines with known genetic backgrounds and revealed BRM as a top cancer dependency in
cell lines with BRG1 mutations [25, 65]. These studies further showed that not only
NSCLC, but also ovarian, liver, endometrial and skin cancer cell lines with complete loss of
BRG1 were sensitive to BRM knockdown [25, 65].

A Kkey issue raised by these studies is how the residual BRM-SWI/SNF complex performs its
vital function in BRG1-mutant cancers. In one scenario, BRG1 and BRM perform
overlapping regulatory functions in the cell-of-origin that are partially redundant with one
another (Figure 2A). Upon BRG1 inactivation, BRM would compensate and sustain a
minimal degree of SWI/SNF functionality to support cellular viability, but would be unable
to fulfill the tumor-protective BRG1 functions. Such a model has been termed ‘paralog
insufficiency’ and would be consistent with known instances in which BRG1 and BRM
partially compensate for loss of one another [21, 22, 24, 25]. A second mechanistic scenario
would exist if BRG1 and BRM perform opposing functions in the cell-of-origin: cell
proliferation being inhibited by BRG1 and facilitated by BRM (Figure 2B). Inactivation of
BRG1 would disrupt the balanced state and lead to the unopposed oncogenic function of
BRM-SWI/SNF complexes, thereby endowing cancer cells with tumorigenic capacities
(Figure 2B). Such a model is supported by the prior observation that BRG1 and BRM can
have opposing effects on differentiation of the osteoblast precursor cell line MC3T3-E1
[26]. A third hypothesis is that loss of BRG1 causes the release of some of its associated
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SWI/SNF subunits, which now become available to form aberrant SWI/SNF complexes with
BRM with altered regulatory functions (Figure 2C). In support of this model, the PBAF
assembly of SWI/SNF normally excludes BRM in favor of BRG1, thus calling into question
the fate of PBAF-specific subunits (e.g. BRD7, PBRM1, and ARID2) upon BRG1
inactivation (Figure 1C) [23]. Identification of key downstream target genes of residual
BRM-SWI/SNF complexes in NSCLC and comparing these with the known targets of
BRGL1 in this disease would be an important line of investigation to distinguish among these
different models [66].

A similar synthetic lethal interaction has also recently been uncovered between ARID1A
and ARID1B [67]. ARID1A is one of the most commonly mutated subunits of SWI/SNF,
which occurs in a broad spectrum of cancers [36]. ARID1B is also inactivated in certain
cancers, albeit at a lower frequency [36]. Through large-scale negative selection sShRNA
screens, ARID1B was identified as the top differential dependency (among ~10,000
candidate genes) that was selectively required for growth of ARID1A-mutant as compared
to wild type ARID1A lines [67]. Interestingly, the authors noted that ARID1B and ARID1A
were often co-mutated in human cancer, but these tumors always retain one copy of a wild
type ARID1B allele, which presumably is sufficient to preserve residual SWI/SNF
complexes necessary for tumor viability [67]. This study raises the possibility that synthetic
lethal interactions might exist more broadly between mutated SWI/SNF subunits and their
wild type paralogs.

Another question yet to be fully answered is whether SWI/SNF-mutant cancers depend
exclusively on the paralogs of the inactivated subunit or whether the entirety of the residual
SWI/SNF complex represents a cancer-specific dependency. It was demonstrated that
knockdown of SNF5 inhibited the proliferation of BRG1-deficient cancer cells, however the
requirement for SNF5 in BRG1-proficient cell lines was not included for comparison in this
analysis [65]. An important goal for future studies will be to determine whether targeting
other residual SWI/SNF subunits in SWI/SNF-mutant cancers might block proliferation with
equal efficiency.

A role for BRG1-SWI/SNF in acute leukemia maintenance

As SWI/SNF is an integral component of numerous transcriptional programs, cancers that
are driven by aberrant transcriptional regulators could conceivably become reliant on
SWI/SNF to sustain a transformed cellular state, even in the absence of genetic alterations in
the complex. Acute myeloid leukemia (AML) is an example of a malignancy that is driven
in large part by mutations in transcription factors, chromatin modifiers, and DNA
methylation machinery [68]. However, SWI/SNF mutations are rarely found in this
particular cancer, suggesting that the complex does not perform a significant tumor
suppressor function in this malignancy [68].

Two recent studies have shown that AML mouse models and human cell lines are
particularly dependent on BRG1 for disease progression [69, 70]. By means of an ShRNA
screen performed in cells derived from a mouse model of MLL-rearranged AML, BRG1 was
identified as being among the top chromatin regulator dependencies in this cancer [71]. A
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~4-fold reduction of BRG1 levels triggered leukemia cell apoptosis and terminal
differentiation, while a similar degree of knockdown in non-hematopoietic cell lines (e.g.
fibroblasts and various carcinomas) had no effect on cell proliferation or viability [69].
Using a conditional knockout allele, it was independently shown that BRGL1 is essential for
AML initiated by overexpression of the Hoxa9/Meis1 transcription factor oncoproteins, with
BRG1-deficient leukemia cells undergoing cell cycle-arrest and apoptosis [70]. The authors
further demonstrated that BRG1 deletion in normal bone marrow caused pronounced
deficiencies in myeloid and lymphoid progenitors and mature white blood cells, however the
hematopoietic stem cell compartment remained intact in BRG1-mutant animals [70]. Indeed,
even dual inactivation of BRG1/BRM in adult mice was found to cause minimal effects on
the abundance of hematopoietic stem cells and multipotent progenitors [63]. Collectively
these observations suggest a therapeutic window for targeting BRG1 in leukemia, since
hematopoietic stem cells and some progenitors would be expected to withstand BRG1
inactivation. Unlike BRM knockout mice, however, BRG1-deficiency leads to severe
developmental abnormalities, hence the tolerability of BRG1 inhibition in a fully-developed
animal remains an open question [72].

Mechanistically, it was found that BRG1 is critical for maintaining expression of specific
genes within the transcriptional program induced by the MLL-AF9 oncoprotein, including
Myc and Hoxa9 [69]. The role of BRG1 in maintaining MYC transcription appears to be
unique to normal and malignant hematopoietic cells, as BRG1 knockdown in other cell
lineages was found to have negligible effects on MYC expression [57, 69]. To account for
this observation, it was shown that BRG1 occupies a cluster of 3’ enhancer elements at the
MYC locus that are only activated in hematopoietic cells [69]. At these distal enhancers,
BRGL1 is critical to sustain occupancy of several hematopoietic transcription factors and for
long-range enhancer-promoter looping interactions [69]. Furthermore, the ATPase activity
of BRG1 is critical for its leukemia maintenance function, consistent with nucleosome
remodeling of enhancer elements being essential for transcription factor occupancy [69].
These results suggest that leukemia cells promote MYC transcription through a unique
enhancer-based mechanism, which is particularly sensitive to SWI/SNF perturbation. Other
cell lineages also utilize SWI/SNF to repress or activate MYC expression, although these
effects have generally been linked to promoter regulation [31, 50, 73].

In several non-leukemia cell line contexts highlighted above, suppression of BRG1 alone
leads to minimal effects on cell proliferation, which has been attributed to compensation by
BRM [22, 25]. It has been noted that SWI/SNF complexes isolated from leukemia cells
predominantly contained BRG1 but only low amounts of BRM, suggesting an imbalance
between these two ATPases in this lineage [70]. A deficiency in BRM-mediated
compensation might explain, at least in part, the hypersensitivity of leukemia cells to BRG1
knockdown as compared to other cell types [69, 70]. Hence, a BRG1/BRM imbalance in
leukemia would be analogous to the mutational mechanism that drives the imbalance
between BRG1/BRM in solid tumors.
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A tumor maintenance function for SWI/SNF in other cancer contexts

Synthetic lethal interactions involving SWI/SNF are not limited to the setting of mutations
within the complex, but could involve other genetic drivers of human cancer. A recent study
found that MAX, the MY C-associated factor X gene, is a tumor suppressor inactivated in a
subset of small cell lung cancer (SCLC) [74]. Since prior studies indicated a link between
MYC and BRG1 in lung cancer, the authors investigated the role of BRG1 in MAX-mutant
SCLC [50, 74]. Remarkably, lung cancers harboring MAX mutations were selectively
dependent on BRG1 for cell viability whereas growth of MAX wild type cancer lines was
found to be unaffected by BRG1 depletion [74]. Although the precise mechanism underlying
this observation remains to be determined, it may involve the regulation by BRG1 and MAX
of a common set of transcriptional target genes linked to metabolism and differentiation
[74]. This study suggests that other gene mutations found in cancer might also be associated
with a reliance on SWI/SNF for tumor growth.

In the case of breast cancer, SWI/SNF has been linked to both tumor protection and tumor
maintenance. SWI/SNF mutations occur at a significant frequency in breast cancer and
BRG1 acts as a haploinsufficient mammary tumor suppressor in mice [36, 37, 75].
Conversely, high BRG1 expression in breast cancer biopsies has also been correlated with
poor prognosis and knockdown of BRGL1 in various breast cancer cell lines leads to
diminished proliferation and invasion [76]. These observations raise the issue as to how
SWI/SNF can perform these two opposing functions in one form of cancer. One study
suggests that the oncogenic function SWI/SNF in breast cancer can be modulated through
post-translational modification of a core subunit. BAF155 was found to be di-methylated at
arginine 1064 by the CARM1 methyltransferase, an enzyme whose expression is often
elevated in metastatic breast cancer [77]. Methylation of BAF155 was found to influence the
genomic targeting of its associated SWI/SNF complex in breast cancer cells to drive an
oncogenic transcriptional program that includes genes in the MYC pathway [77]. This study
provides a unique mechanism by which global SWI/SNF functions could be dynamically
regulated during the course of tumor evolution.

Concluding Remarks

A theme emerges from recent studies in which imbalances between alternative subunits
within SWI/SNF can render cells more tumorigenic and simultaneously hypersensitive to
targeting of the residual complex. This body of genetic evidence should, in principle,
motivate efforts to pharmacologically validate SWI/SNF dependencies in appropriate pre-
clinical cancer models to evaluate therapeutic efficacy and tolerability. Critical to such
studies will be the availability of chemical probes that target the key functionalities of SWI/
SNF, which are not widely available to the biomedical research community at present.
Small-molecule ATPase inhibitors of BRG1/BRM would be essential to study the response
of cancer cells to acute inactivation of the SWI/SNF remodeling function, an activity that
has already been linked to cancer maintenance [69]. The prior identification of potent and
selective inhibitors of the ATPase activity of Kinesin KIF11 would support the feasibility of
such a drug discovery campaign [58]. Targeting the acetyl-lysine recognition function of
SWI/SNF bromodomains (which are found in PBRM1, BRG1, BRM, BRD7, and BRD9
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subunits) presents an additional possibility for more selective perturbations of the complex,
although the significance of these domains to the cancer-relevant SWI/SNF functions is
currently unknown. Crystal and/or NMR structures exist for all of the SWI/SNF
bromodomains, which might aid efforts to target these domains pharmacologically [e.g. 78].
Genetic evidence would suggest that discrimination between paralogous subunits (e.g.
BRG1 and BRM) would be an ideal property to minimize toxicity of a SWI/SNF-targeting
small-molecule, particularly as carcinogenesis would be a potential on-target consequence of
SWI/SNF perturbation. Furthermore, the developmental abnormalities associated with SWI/
SNF-mutations in mice and in humans imply that highly selective modes of SWI/SNF
perturbation would be most suitable for therapeutic intervention [72, 79]. In this regard, a
comprehensive structure-function analysis that compares the tumor-protective, tumor-
maintenance, and homeostatic SWI/SNF functions would be invaluable for defining the
suitable routes for therapeutic targeting of this multi-functional chromatin remodeling
complex.
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Overview of mammalian SWI/SNF complexes. A) Subunits that comprise the mammalian
SWI/SNF complex. Protein domains present in each subunit are listed on the right. Subunit
nomenclature was chosen based on prevailing usage in the literature. A full list of protein/
gene names of each subunit can be found in reference [3]. B-F) Examples of known
SWI/SNF subunit configurations. B & C) BAF and PBAF represent two alternative subunit
arrangements for SWI/SNF that can exist in the same cell type. D-F) Examples of cell type-
specific SWI/SNF subunit configurations. The different coloring is used to highlight the
most well established subunits that distinguish these different assemblies. The position of
individual subunits within the diagram is not intended to imply direct interactions within the
complex. Owing to space limitations we are unable to provide a full list of references that
provide evidence for these different configurations.
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Hypothetical models for the function of residual BRM-SWI/SNF complexes in BRG1-
mutant cancers. A) Paralog insufficiency model. In the cancer cell-of-origin, BRG1 and
BRM perform redundant functions in supporting cell viability while BRG1 performs a non-
redundant tumor suppressor function. Loss of BRG1 would lead to tumorigenic effects while
simultaneously rendering BRM the sole ATPase subunit responsible for supporting tumor
cell viability. B) Paralog antagonism model. In the cancer cell-of-origin, BRG1 performs a

specific function in tumor protection while BRM promotes oncogenesis, resulting in a

balanced state of SWI/SNF functions. Loss of BRG1 would result in unopposed BRM-
driven proliferation and tumorigenesis. C) Aberrant complex model. Loss of BRG1 would

release specific subunits of its dedicated protein complex, which would form aberrant

associations with BRM that deregulate cancer-relevant transcriptional programs.
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