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Chromatin openness requires continuous SWI/SNF activity

Diana C. Hargreaves
Molecular and Cell Biology Laboratory, Salk Institute for Biological Studies, La Jolla, CA 92037, 
USA.

Abstract

Chromatin structure and specifically sites of open or accessible chromatin regulate transcription 

factor binding to determine cell type-specific gene expression. Two new studies find that there 

is a constant requirement for SWI/SNF complex remodeling to maintain open chromatin using 

chemical and genetic methods that acutely inhibit or degrade the BRG1/BRM ATPase subunits, 

leading to loss in transcription factor binding and altered gene expression.

Main

Mammalian SWI/SNF complexes use ATP that is hydrolyzed by a core ATPase, BRG1 

(SMARCA4) or BRM (SMARCA2), to generate chromatin accessibility. Previous studies 

have utilized conditional knockout/knockdown to show that BRG1 is required to maintain 

chromatin accessibility at SWI/SNF complex target sites1–4. However, due to the slow 

decay in BRG1 protein in these systems (~72–96 hours), it was unclear whether BRG1 is 

continuously required to generate open chromatin, or only at defined cellular transitions, 

e.g. following DNA replication. Acute depletion of yeast SWI2 results in rapid changes 

in chromatin accessibility5,6, but the dependence on cell cycle is undetermined. Thus, it is 

unclear how dynamic the generation of accessible chromatin is and what the impact of this 

process on transcription factor binding and gene expression is.

Dynamic remodeling

To address the requirement for chromatin remodeling in acute kinetic resolution, Iurlaro 

et al.7 and Schick et al.8 took complementary approaches to rapidly inactivate BRG1, 

using ATAC-seq to read out changes in chromatin accessibility. Iurlaro et al. used an 

ATPase inhibitor of BRG1/BRM, BRM0149, in mouse embryonic stem cells (ESCs), which 

exclusively express BRG1. Schick et al. developed a genetic approach by engineering the 

HAP1 cell line to express a BRG1 dTAG fusion protein (SMARCA4dTAG)10. Treatment 

with dTAG47 resulted in ~90% BRG1 degradation in 2 hours and complete degradation 

by 6 hours. Schick et al. additionally compared their results with dTAG47 to treatment 

with BRM014 or ACBI1, a chemical degrader of BRG1/BRM11. In all cases, the authors 

found that inhibition or degradation of BRG1/BRM resulted in extremely rapid changes in 

chromatin accessibility, primarily losses. In the case of BRM014 treatment, these changes 
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could be observed in as little as 5–10 minutes, while dTAG47 and ACBI1 degrader 

treatments resulted in changes as early as 6 and 24 hours, respectively.

Collectively, these data point to a dynamic process involving continuous generation of open 

chromatin by SWI/SNF complexes, and argue against a stable state that requires chromatin 

remodeling only at specific stages of the cell cycle. The use of BRM014 inhibitor suggests 

that ATPase activity of BRG1/BRM is required for this process; however, understanding 

how BRM014 affects other aspects of SWI/SNF complex biology such as chromatin binding 

is necessary to conclude this definitively. Additionally, while the specificity of BRM014 

for BRG1/BRM is a potential caveat, the strong correlation between accessibility changes 

in BRM014-treated and BRG1 knockout cells, and not cells deficient in subunits of the 

INO80 and ISWI chromatin remodelers, argues for the on-target activity of BRM014. 

In this regard, the genetic experiments from Schick et al. provide a nice complementary 

study; however, it should be noted that dTAG introduction into the SMARCA4 locus 

results in a ~50% decrease in endogenous BRG1 levels at steady state. This reduction 

results in baseline changes in chromatin accessibility and gene expression between the 

SMARCA4dTAG and parent line, and has the potential to cause long-term adaptations for 

example in the composition of SWI/SNF complexes or dependence on BRG1 that could 

lead to an underestimation of the full range of BRG1 activity. Nevertheless, the authors 

observe a continuous requirement for BRG1 for maintaining chromatin accessibility and a 

strong correlation between accessibility changes following BRG1 degradation and BRM014 

inhibition in HAP1 cells.

Remodeling for transcription

Given the dependence on BRG1 for maintaining chromatin accessibility, both studies 

explored the sensitivity of epigenetic and transcriptional features to acute disruption of 

BRG1/BRM. The authors distinguished sites that lost accessibility quickly versus slowly 

following drug treatment. Enhancers were enriched in both classes, with fast responding 

sites having H3K4 mono- and di-methylation, and slow responding sites also having 

H3K27 acetylation (H3K27ac), a mark of active promoters and enhancers. Schick et al. 

further found that acute degradation of BRM in BRG1 KO cells reduced accessibility at 

super-enhancers, which are otherwise unaffected by loss of BRG1 alone, similar to what 

we observed under steady state conditions for ARID1A/ARID1B12. They suggest that 

the dependence on SWI/SNF complexes is correlated with H3K27ac levels at enhancers, 

with H3K27ac- being most sensitive, H3K27ac+ responding more slowly, and H3K27achi 

super-enhancers being the most resistant. A number of things could contribute to this 

hierarchy, such as the density or activity of positive regulators at active and super-enhancers, 

which could buffer the effects of BRG1 loss or more effectively recruit limiting amounts 

of SWI/SNF complexes, as well as the absence of counteracting remodelers that position 

nucleosomes in the absence of BRG16.

Fast responding sites were enriched for OCT4/SOX2/NANOG binding in mouse ESCs, 

while REST was enriched at slow responding sites. By ChIP-seq, Iurlaro et al. found that 

OCT4 binding was completely lost within 30 minutes of BRM014 addition, while REST 

binding was unaffected in the first 2 hours, but reduced by 24 hours. Thus, the kinetics 
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of decline in transcription factor binding were correlated with fast versus slow loss in 

chromatin accessibility. In a similar way, changes in transcription and accessibility were well 

correlated with respect to directionality and rate of change. This trend was also observed by 

Schick et al., although the number of significant gene expression changes following dTAG47 

or BRM014 treatment in HAP1 cells was minimal, perhaps reflecting cell type-specific 

differences between mouse ESCs and HAP1 cells.

These data argue that cell type-specific gene expression is maintained by the continuous 

establishment of accessible chromatin and remodeler-assisted transcription factor binding. 

These data are remarkable particularly for pioneer factors OCT4 and SOX2, which despite 

the ability to bind their motifs on nucleosome-bound DNA13,14, require the constant action 

of BRG1 for binding in vivo. Further, they suggest that cell-intrinsic mechanisms, rather 

than cellular memory in the form of inherited epigenetic modifications, are sufficient 

to establish the accessible chromatin landscape. This is illustrated nicely by the rapid 

reestablishment of accessibility, reduced nucleosome occupancy and transcription upon 

BRM014 wash-out. The dynamic nature of chromatin accessibility suggests that this 

may be one process by which cells respond quickly to developmental and environmental 

signals to establish new gene expression. Additionally, it may provide a mechanism by 

which SWI/SNF subunit switching during differentiation15,16 results in changes in complex 

targeting that rapidly influence the landscape of accessible chromatin and the utilization 

of new regulatory elements to drive lineage-specific transcriptional programs. Future 

experiments using time-resolved approaches will help unravel the mechanistic relationship 

between chromatin remodeling, transcription factor binding, and transcription.
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Figure 1 –. SWI/SNF activity is needed to maintain accessible chromatin.
Acute disruption of the BRG1/BRM ATPases of the SWI/SNF complex results in loss 

of chromatin accessibility and transcription factor binding at enhancers within minutes, 

indicating that SWI/SNF-dependent chromatin remodeling is continuously required to 

maintain open chromatin for transcription. Yellow/green: OCT4, SOX2 transcription factors; 

Pink: BRG1/BRM subunit of the SWI/SNF complex; Gray: Associated SWI/SNF subunits; 

Blue: nucleosomes.

Hargreaves Page 5

Nat Genet. Author manuscript; available in PMC 2021 September 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript


	Abstract
	Main
	Dynamic remodeling
	Remodeling for transcription
	References
	Figure 1 –



