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SUMMARY

Chromatin priming promotes cell-type-specific gene expression, lineage differentiation, and
development. The mechanism of chromatin priming has not been fully understood. Here, we
report that mouse hematopoietic stem and progenitor cells (HSPCs) lacking the Baf155 subunit of
the BAF (BRG1/BRM-associated factor) chromatin remodeling complex produce a significantly
reduced number of mature blood cells, leading to a failure of hematopoietic regeneration upon
transplantation and 5-fluorouracil (5-FU) injury. Baf155-deficient HSPCs generate particularly
fewer neutrophils, B cells, and CD8* T cells at homeostasis, supporting a more immune-
suppressive tumor microenvironment and enhanced tumor growth. Single-nucleus multiomics
analysis reveals that Baf155-deficient HSPCs fail to establish accessible chromatin in selected
regions that are enriched for putative enhancers and binding motifs of hematopoietic lineage
transcription factors. Our study provides a fundamental mechanistic understanding of the role of
Baf155 in hematopoietic lineage chromatin priming and the functional consequences of Baf155
deficiency in regeneration and tumor immunity.
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In brief

Wau et al. report that Baf155-deficient hematopoietic stem and progenitor cells show defects in
lineage differentiation, likely due to the failure of transcription factors to open chromatin at target
gene loci, leading to defects in hematopoietic regeneration and tumor control.
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INTRODUCTION

Chromatin priming mechanisms allow target genes to be accessible and poised for rapid
activation to ensure a timely and coordinated response during lineage-specific gene
expression.12 The BAF (BRG1/BRM-associated factor, also known as SWltch/Sucrose
Non-Fermentable (SWI/SNF) chromatin remodeling complexes have been implicated in
the regulation of lineage determination and differentiation in diverse tissues, including
embryonic stem cells, neural development, and hematopoiesis.3-6 They interact with
lineage-specific transcription factors and co-regulators to modulate the chromatin
accessibility landscape required for proper lineage-specification.” Particularly, previous
studies have shown that BAF complexes are preferentially targeted to distal tissue-specific
enhancers.8-11 BAF complexes interact with p300 and KDM6a/6b to activate target gene
expression by modifying H3K27.9-12 Therefore, BAF targeting of the distal enhancers
is essential for activating the expression of genes linked to developmental processes.
Gene knockout studies have demonstrated that components of the BAF complex are

Cell Rep. Author manuscript; available in PMC 2024 October 10.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wu et al.

RESULTS

Page 3

required for various aspects of hematopoietic lineage development and differentiation. For
example, Brg1is required for vascular and primitive erythroid lineage development during
embryogenesis.13 Baf155 regulates lineage specification of the mouse blastocyst!* and is
needed for myeloid and definitive erythroid lineage differentiation from erythro-myeloid
progenitors (EMPs) in the yolk sac.1® In the adult, Brg1, Baf250a, Baf200, Baf45a, Baf180,
Baf60b, and Baf53a all contribute to optimal hematopoiesis.16-2> Despite these studies
showing the critical role played by the BAF complex in hematopoiesis, our understanding
of the underlying chromatin mechanisms of hematopoietic lineage differentiation remains
incomplete.

Genes encoding BAF subunits are frequently mutated in about 20% of all human cancers.26
Consequently, there is growing interest in developing drugs that target the BAF complex

for cancer therapy. However, given the critical role of the BAF complex in development,

it would be essential to ensure that such drugs selectively target cancer cells without
interfering with the normal functions of immune cells in the tumor microenvironment.

In this study, we determined the requirement for Baf155in homeostatic hematopoiesis,
transplantation, regeneration, and tumor-mediated hematopoietic response. We demonstrate
that Baf155 deficient hematopoietic stem and progenitor cells (HSPCs) show lineage
differentiation defects, with neutrophil, CD8* T, and B lineages particularly sensitive to

the Baf155 deficiency. The lineage differentiation defect was manifested by failure in
hematopoietic regeneration upon transplantation and regenerative stress, a more immune-
suppressive tumor microenvironment, and permissive tumor growth. Chromatin accessibility
in the homeostatic and regenerating Bafl55-deficient HSPCs was greatly reduced compared
to wild-type controls. Differentially accessible regions were marked mainly by distinct
hematopoietic lineage transcription factor binding motifs, suggesting that lineage-specific
transcription factors failed to establish open chromatin in the absence of Barf155. These
studies suggest that BAF mediates hematopoietic lineage chromatin priming, which
provides an underlying mechanism for hematopoietic differentiation, regeneration, and
tumor immunity.

Hematopoietic Baf155 deficiency leads to homeostatic cytopenia, especially in B, CD8* T,
and neutrophil lineages

To delineate the function of Baf155in adult hematopoiesis, we deleted Baf155 using
Vav-Cre mice. Vav-Cre, Baf155" (hereafter called Baf155 KOV&) mice from Vav-Cre;
Baf155™* and Baf155" crosses were born at a frequency lower than Mendelian expectations
(~15% as opposed to 25%:; Figure S1A), suggesting that some of the Baf155 KOY4 animals
are lost during embryogenesis. While the Vav-Cre line is believed to target mainly the
hematopoietic stem cell (HSC) lineage?”-28: since Baf155 deletion using 7ie2-Cre mice
leads to embryonic lethality due to EMP differentiation block,1®> some of the loss of

Baf155 KOV mice might be due to Vav-Cretargeting of the EMP. Lineage tracing using
Vav-Cre, Rosa26-floxed stop-tdTomato mice showed that, at embryonic day 8 (E8), ~41%
of the endothelial (CD45-CD31*) and ~46% of the erythroid (CD45 Ter119%) cells were
tdTomato* (Figure S1B). About 35% of cKit* (or cKit"*CD41*CD16/32*) cells, enriched for
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EMPs, from the E9.5 yolk sac were also tdTomato* (Figure S1C). These data indicate that
Vav-Cre, while targeting the HSC lineage, also incompletely targets EMP, leading to the loss
of the Baf155 KOY4¥ mice.

Baf155 KOY4¥ mice were born were healthy and fertile. We confirmed the Baf155 deletion
in the Baf155 KOY4 hone marrow (BM), including the HSC compartment (Figures S1D
and S1E). Levels of other BAF components, including BRG1, BAF170, BAF57, BAF47,
and BAF60a, were not altered in Baf155 KOY2¥ BM (Figure S1F). A complete blood

count (CBC) analysis of Baf155 KOV peripheral blood (PB) showed a decrease in white
blood cell counts, including lymphoid, monocytes, and neutrophils, compared to littermate
wild-type controls (Figure 1A). While the platelet number was higher in Baf155 KOV&
mice, red blood cell components seemed to be similar to those of control mice (Figure 1A).
Fluorescence-activated cell sorting (FACS) analysis of the PB showed that the proportions
of white blood cells were differentially represented. Particularly, the percentage of B cells
was decreased in Baf155 KOV4 mice (Figures 1B and S1G), consistent with a previous
study.2® The relative frequency of the total T cells was higher, with a higher percentage of
CD4* T cells and a lower percentage of CD8* T cells, in Baf155 KOV4¥ compared to control
mice. This bias toward CD4" T cell over CD8* T cell generation was seen in the thymus
(Figures S1H and S11), indicating that Baf155 deficiency in HSCs leads to more severe
defects in CD8* T cell development. The relative frequency of the myeloid compartments
was higher, with higher percentages of eosinophils, Ly6C'°" monocytes, and neutrophils
but lower percentages of Ly6CM9" monocytes, in Baf155 KOV&Y PB compared to controls
(Figure 1B).

Both BM and spleen showed hypocellularity in Baf155 KOY4¥ mice (Figures 1C, 1D,

and S1J-S1L). In terms of the mature lineages, BM and PB showed similar differences
between Baf155 KOY4 and the control, suggesting that the differences in PB stem from
BM progenitors. At the progenitor level, the percentage of Lin™ cells was higher in Baf155
KOY4 mice (Figure 1E), supporting the idea that mature lineage deficiency was due to
differentiation defects of the progenitors. Consistent with this interpretation, long-term
HSCs (LT-HSCs), short-term HSCs (ST-HSCs), and multipotent progenitor 2 (MPP2) were
higher in the Baf155 KOY@ BM than in controls, based on both percentages and absolute
numbers (Figures 1E, 1F, and S1J).

We also generated MxI-Cre;, Baf155"" mice to independently assess the acute deletion
effect of Baf155in adult hematopoiesis. We treated MxI-Cre; Baf155"f mice with poly(1:C)
(hereafter called Barf155 KOVM*1) and analyzed for hematopoietic compartments (Figure
S1M). PB and BM analyses largely showed similar results as Vav-Cre-mediated Baf155
deletion; i.e., reduced mature blood generation while not affecting the HSPC compartments
(Figures SIN-S1P). However, differences between the two models were seen in platelet
reduction in the Baf155 KOM*I mice, which could be due to poly(l:C) impairing platelet
production and function3C (Figure 1A vs. Figure S10). Additionally, the CD8* T cell defect
was less severe in Baf155 KOMXI mice (Figures S1H and S11 vs. Figures S1Q and S1R),
potentially reflecting the differences between developmental (Vav-Cre) and acute (Mx1-Cre)
Baf155 deletion effects. Collectively, Baf155 deficiency did not impact the number of
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HSPCs in either model. However, their lineage output, especially neutrophil, B, and CD8* T
lineages, was sensitive to the Bafl55loss in homeostatic conditions.

Baf155-deficient HSPCs fail to reconstitute the hematopoietic system

To assess the effect of the overall differentiation defects of the Baf155 knockout (KO)

HSPC in regeneration, we first performed competitive repopulation studies by mixing equal
numbers of wild-type (WT) and Baf155 KOV4 BM cells and transplanting them into
lethally irradiated mice (Figure 2A). PB analysis showed that Baf155 KOY2¥ BM contributed
very little to any lineage of the recipient hematopoietic system (Figures 2B-2D and S2A-
S2D). BM analysis of the recipients at 4 months showed an almost negligent contribution
from Baf155 KOY& BM to LT-HSCs, ST-HSCs, MPPs, and mature hematopoietic cells
(Figures 2E and 2F). However, LT-HSCs and ST-HSCs were over-represented within the
recipient HSPC compartment (i.e., cKit*Scal*Lin™ [KSL] cells) derived from Baf155
KOY&¥, compared to WT, donors (Figure 2G).

To assess whether acute Baf155 deletion also leads to similar hematopoietic reconstitution
defects, we transplanted an equal amount of MxI-Cre; Baf1557fand WT control BM.
After engraftment, we treated mice with poly(l:C), followed by PB analysis up to 4 months
(Figure 2H). In PB, Baf155 KOM*1 BM-derived myeloid progeny, CD11b* or Gr1*, in the
recipients decreased sharply even as early as 1 month after Bar155 deletion (Figure 21). The
B or T cell decrease was slower, probably reflecting their slow turnover rate (Figure 2I).
At 4 months, BM showed reduced mature cells of the Baf155 KOM*L donor origin (Figure
2J). HSPC compartments from the Barf155 KOV*Z donor were also significantly reduced
(Figure 2K). Similar to Baf155 KOY2¥ BM transplantation, LT-HSC and ST-HSC fractions
were also higher in the LSK compartment derived from Baf155 KOM* compared to WT,
donors (Figure 2L).

When transplanted without competitors, mice receiving Baf155 KOY4 BM started to die
after transplantation, even before 1 month (Figures 2M and 2N). PB analysis of the
surviving animals at 1 or 2 months showed few mature cells of all lineages, including the
erythroid lineage of the donor origin (Figures 20, 2P, and S2E). Mice receiving Baf155 KO
BM all died within 3 months (Figure 2N). These results demonstrate that Baf155-deficient
HSCs, having differentiation defects, fail to reconstitute the hematopoietic system.

Baf155-deficient HSPCs fail to regenerate the hematopoietic system after 5-FU injury

Given the severe differentiation defects of the Baf155HSPCs upon transplantation, we
tested whether Baf155 KO mice also fail to regenerate the hematopoietic system in response
to injury. We subjected Baf155 KOV4 or Baf155 KOM*I mice to 5-FU injection (Figures
3A and 3F). About half of the Baf155 KOV mice died when treated with 250 mg/kg

5-FU, a highly cytotoxic dose (Figure 3B). The surviving mice showed significantly reduced
HSC, MPP, KSL cells, common myeloid progenitor (CMP), and granulocyte-monocyte
progenitor (GMP) numbers (Figures S3A and S3B). Although megakaryocyte-erythrocyte
progenitor (MEP) numbers were similar (Figure S3B), erythroid output was impaired after
5-FU treatment (Figures S3C-S3E); Baf155 KOM*I BM had a higher percentage of CD71*
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cells with a lower percentage of more mature Ter119* cells than controls, showing an
erythroid lineage differentiation block.

To minimize the complications of the lethal cytotoxic effect of 5-FU, we treated mice with
150 mg/kg 5-FU, a low-cytotoxic dose, and analyzed hematopoietic compartments. Even

at this low dose, where all mice survived, HSPCs and MPPs were significantly reduced

in Baf155 KOV4 mice, with the reduction of the HSC compartment less pronounced than
that of KSL cells and MPPs (Figure 3C). When analyzed for the cell cycle status, a higher
fraction of the Baf155 KOY4¥ HSCs and MPPs was in GO than in G1 and S cell cycle phases
(Figures 3D and 3E). Baf155 KOV* mice also showed similar defects when treated with
5-FU (i.e., HSPC and MPP reduction) while showing less HSC reduction (Figures 3G and
S3F). Similar to Baf155 KOY4, a higher percentage of Baf155 KOM*XI HSC, MPP, and KSL
cells were in GO phase in the cell cycle, suggesting that Baf155-deficient HSCs may have
additional defects exiting from GO phase, besides having differentiation defects (Figures 3H,
31, S3G, and S3H). Importantly, all Baf155 KOMXI mice died after two injections of 5-FU
(Figure 3J). These data collectively suggest that Baf155 KO HSPCs fail to regenerate the
hematopoietic system upon 5-FU injury.

Baf155-deficient HSPCs show macrophage-skewed myeloid differentiation

To better understand the role of Baf155in hematopoietic lineage differentiation, we assessed
the response of Baf155 deficient HSCs to cyclophosphamide (Cy) and granulocyte colony-
stimulating factor (G-CSF). Previous studies have shown that Cy injection followed by two
doses of G-CSF treatment induces HSC proliferation and differentiation (Figure 4A).31 To
minimize the potential complication of developmental deletion of Baf155 using Vav-Cre, we
used BaF155 KOMXI mice. Remarkably, when we obtained a similar number of HSCs from
Baf155 KOMX1 and littermate control BM, MPP or KSL cell numbers were significantly
reduced in Baf155 KOV*1 BM after Cy+2 G-CSF administration (Figure 4B). Of the total
CD45™ cells, the percentage of neutrophils was lower, while the percentage of macrophages
was higher, in Baf155 KOV*1 BM than in controls after Cy+2 G-CSF treatment (Figures

4C and S4A). Cell cycle analysis showed that Baf155 KO HSCs cycled similarly to control
HSCs (Figure 4D). However, for MPP and KSL cell compartments, Baf155 KOM* animals
had a higher percentage of cells in G1 phase and lower percentage of cells in S-G2-M phases
compared to control mice (Figure 4D). Apoptosis was similar between controls and Bafl55
KOMXI HSCs, MPPs, and KSL cells (Figures S4B and S4C). These data suggest that, when
challenged with Cy+G-CSF, Baf155KO HSCs could be maintained relatively normally,
while myeloid lineage output was acutely skewed toward macrophages over neutrophils.

To further examine the macrophage vs. neutrophil differentiation disparity, we sorted HSPCs
(KSL cells) from Baf155KO or littermate control mice and competitively cultured them
with WT HSPCs.32 As expected, Baf155 KO HSPCs generated fewer myeloid cells in
minimal factors (stem cell factor [SCF]+FIt3-ligand [FLT3L]+interleukin-3 [IL-3]) or in

full cytokine factors (SCF+FLT3L+1L-3+Thrombopoietin [TPO]+IL-6+I1L-11+macrophage
colony-stimulating factor [M-CSF]+granulocyte-macrophage colony-stimulating factor
[GM-CSF]) (Figures 4E and 4F). Furthermore, when we sorted HSCs, MPPs, CMPs, and
GMPs and cultured them separately (1,000 cells per group), WT control MPPs showed
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the most robust cell output, followed by LT-HSCs, CMPs, and GMPs (Figures 4G-4J).
Baf155 KO HSCs, MPPs, and CMPs generated a greatly reduced progeny output compared
to WT controls (Figures 4G—4l). Similarly, MPPs generated the most colony numbers

when replated in semi-solid medium, followed by CMPs and HSCs (Figure 4K). Again,
Baf155 KO HSCs, MPPs, and CMPs produced reduced number of colonies (Figure 4K).
Intriguingly, WT and Baf155 KO GMPs generated a similar number of progenies in

culture (Figure 4J) or clonogenic assays (Figure 4K). However, the progeny output was
different. Specifically, while WT GMPs produced more granulocytes, Baf155 KOY4¥ GMPs
generated more macrophages in bulk culture or in clonogenic assays (Figures 4L—-40). The
lineage bias toward macrophages over granulocytes was also seen when Baf155Y4 KO
LT-HSC, MPP, and CMP progeny were assessed (Figures 4L-40). Baf155 KOV*I L T-HSCs,
MPPs, CMPs, and GMPs all behaved similarly to those of Baf155 KOY4¥ mice (Figures
S4D-S4L). Since the GMP population (Lin"cKit*Scal CD34*CD16/32M) has been shown
to be heterogeneous and contain distinct progenitors for macrophages and neutrophils,

we further analyzed the GMP population for common monocyte progenitors (cMoPs;
CD115*CD81 Ly6C*GMP), pro-Neul (CD81*CD115-CD106~CD11b°Ly6C*GMP), and
a downstream proNeu2 (CD81*CD115-CD106*CD11b*Ly6C*GMP) progenitor subset.33
Baf155 KO GMPs contained a higher fraction of cMoPs and a lower fraction of the proNeu2
population (Figures 4P and 4Q). Baf155 KOV*I GMPs showed similar trends (Figures S4M
and S4N). Collectively, Baf155 deficiency leads to an increase in macrophage-committed
progenitors while reducing neutrophil-committed progenitors, showing a bias toward
macrophage over neutrophil lineage output.

Hematopoietic Baf155 KO mice support more robust tumor growth

We reasoned that Baf155 KOV&Y or Baf155 KOYXI mice having altered hematopoietic
constituents at basal level might impact tumor growth. Thus, we injected Baf155 KOV4¥ and
littermate control mice with PyMT-B6 breast cancer (Figure 5A) or 1956 sarcoma (Figure
S5A) and measured tumor growth over time. Baf155 KOY4¥ mice supported a more robust
tumor growth than control mice (Figures 5B and S5B). Tumors from Baf155 KOV& mice
showed a higher percentage of CD4* T cells, including regulatory T cells (Tregs), and a
lower percentage of CD8* T cells, leading to a reduced cytotoxic T cell (CTL) to Treg

ratio (Figures 5C and S5C). The percentages of tumor-associated macrophage, neutrophils,
and myeloid derived suppressor cells (MDSCs) were all elevated within the tumors of the
Bar155 KOV4 mice (Figures 5C and S5C). Baf155 KOV*I mice showed similar results.

The tumor immune constituents were generally similar to those of PB (Figures 5D and
S5D). BM showed similar changes in B and myeloid compartments except for neutrophils
(Figures 5E and S5E), with BM neutrophils being less frequent than PB or tumor. This
suggests that, while BM provides overall tumor immune cells, the spleen, assuming
extramedullary hematopoiesis, might additionally supply emergency neutrophils, as often
seen in tumor conditions. Indeed, both controls and Baf155 KOY4¥ mice all showed
splenomegaly (Figures 5F and S5F). Spleen analysis showed fewer B cells and CD8* T
cells with more myeloid cell presence, including neutrophils (Figures 5F and S5F). Notably,
neutrophils, macrophages, and Ly6C!°" monocytes significantly increased in the spleen

of the tumor-bearing Barf155 KO mice. HSPC changes were less drastic between Baf155
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KOV& and control tumor-bearing mice (Figures 5G and S5G). These data suggest that
hematopoietic Baf155 KO mice provide an environment that is more conducive to tumor
growth, characterized by the increase in immune-suppressive myeloid cells and the decrease
in CD8* T cells, which is facilitated by extramedullary hematopoiesis.

Single-nucleus multiomics analysis revealed that Baf155 is critical for chromatin priming
during hematopoietic lineage differentiation

To understand how Baf155 influences hematopoietic lineage differentiation, we performed
single-cell multiome ATAC+RNA sequencing on regenerating hematopoietic progenitors
from littermate control (WT) and Baf155 KO (KO) mice. Specifically, we used sorted
KSL cells enriched for HSPCs and cKit*Lin™ cells representing more mature progenitors
from WT and KO mice at 9 or 11 days post 5-FU injection (Figure 6A). These time points
were chosen as they coincide with robust HSPC regeneration.3* Notably, the analysis of both
day 9 and day 11 regenerating HSPCs revealed similar trends, supporting the robustness of
our findings (Figures 6, 7, S6, and S7).

We first clustered day 9 cells by the transcriptome (Figures 6B, 6C, and S6A-S6F; Table
S1). Based on known hematopoietic lineage markers,3%:36 the major HSPC cluster was
identified by H/f, Ly6a (encoding Sca-1), and Procrexpression; neutrophil progenitors
based on Elane and Cebpe expression; and erythroid progenitors based on Eporand Gatal
expression (Figures 6D and S6E). Cells from other lineages were also recovered, including
monocyte/macrophage/dendritic cell progenitors (Mono/Mac/DC) identified by /178, Ly86,
and Csf1r, megakaryocytic progenitors (Mega) identified by Pf4and /tgaZb, lymphoid
progenitors (Lympho) identified by Dntt, FIt3, and //7r, and basophil/mast cell progenitors
(Baso/Mast), identified by Ms4a2and Cpa3B® (Figure S6E). Small populations of HSPCs
with the interferon response signature3” or the major histocompatibility complex class 11
signature38 were also detected. Additionally, minor populations of progenitors with high
Ltb, Wfdc17, or ribosomal gene expression were also detected (Figures 6C and S6E),
although their identities are not clear.

For the same cells, we also generated an ATAC-based UMAP, annotated using the clusters
defined above (Figures 6E, 6F, S6G, and S6H). ATAC UMAP revealed that the HSPC
clusters from the WT and KO were adjacent, suggesting similar chromatin accessibility
landscapes. However, WT and KO samples were visibly separated in more committed
erythroid and neutrophil progenitors, suggesting that differences in chromatin accessibility
become more prominent as cells differentiate (Figures 6E, 6F, and S6G-S6J). Consistent
with this, chromVAR3? analysis suggested that neutrophil and erythroid progenitors in

KO samples showed reduced chromatin accessibility at the motifs of transcription factors
(TFs) CEBP and GATA1, which are critical for the development of neutrophils#? and
erythrocytes,*! respectively (Figures 6G and S6K). Last, motifs of known lineage-specific
TFs were enriched in the marker peaks of each cluster (Figure 6H). For example, the motif
of HOXAZY, shown to be critical for HSC expansion,*2 was enriched in HSPCs, suggesting
that our clustering also adequately captured each lineage’s identity on the level of chromatin
accessibility.
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We first compared the chromatin accessibility landscape of KO vs. WT cells for neutrophil
progenitors, HSPCs, and erythroid progenitors using samples from day 9 post 5-FU
treatment. Among the differentially accessible regions (DARS) identified, the vast majority
showed decreased accessibility in KO cells (down-DARSs), and very few showed increased
accessibility (up-DARS) (Figures 7A and 7F; Table S2). Down-DARs also showed a higher
magnitude of accessibility changes compared to up-DARs (Figure 7A), suggesting a general
loss of chromatin accessibility in KO cells. Notably, such loss was more prominent in

more committed neutrophil and erythroid progenitors compared to HSPCs (Figures 7A and
7F). Down-DARs were enriched for H3K27ac signals but depleted for H3K27me3 signals
in WT HSPCs, supporting the notion that BAF interacts with p300 and KDM6a/6b to
activate target gene expression (Figure S7A). Neutrophil and erythroid-specific TF motifs
were highly enriched in the down-DARs of corresponding clusters, suggesting that lineage-
specifying TFs failed (at least partially) to initiate/maintain open chromatin in the absence
of Baf155 (Figures 7B; Table S3), which is also supported by the reduced ATAC pile-up
signals around the motif instances of these TFs (Figure S7B; STAR Methods). Consistent
with this, chromatin immunoprecipitation (ChlIP)-gPCR assay showed that down-DARS
containing CEBP or GATAL motifs also exhibited decreased CEBPb or GATAL binding,
respectively (Figure S7C). Furthermore, a higher percentage of non-promoter peaks showed
downregulated chromatin accessibility compared to promoter peaks across different cutoffs
(Figures 7C; Table S4). Previous studies suggest that most non-promoter ATAC peaks can be
considered as putative enhancers.*3-4° In addition, the DARSs identified at day 9 post 5-FU
showed the same trend at day 11 post 5-FU treatment (Figures S6L and S6M). To determine
whether these DARSs were de novo generated upon 5-FU treatment, we sorted GMP and
KSL cells from WT or KO animals without 5-FU treatment for bulk ATAC-seq. With rare
exceptions, DARs identified at day 9 post 5-FU showed the same trend in these bulk samples
sorted from homeostatic conditions (Figure 7D). For example, almost all down-DARs (KO
< WT) identified in the neutrophil progenitor cluster (Figure 7A) were also downregulated
in sorted GMP cells from KO animals without 5-FU treatment (Figure 7D). These data
suggest that similar chromatin accessibility defects were already present in the homeostatic
conditions. Last, genes near down-DARs were enriched for development-related pathways
(Table S2). Overall, Our data revealed a general loss of chromatin accessibility in the
absence of Bafil55that could impair lineage TF binding and lineage differentiation under
homeostasis and during regeneration.

We next identified differentially expressed genes (DEGs) in KO vs. WT cells (Figures 7E,
7F, S6N, and S60; Table S5). More DEGs were identified in more differentiated neutrophil
and erythroid progenitors compared to HSPCs, consistent with their more prominent loss
of chromatin accessibility (Figures 7A and 7E). Intriguingly, similar numbers of DEGs
were up- or downregulated (up-DEGs and down-DEGS), despite the general chromatin
accessibility loss (Figures 7E and 7F). Down-DEGs were more likely to have consistent
promoter accessibility changes, suggesting a direct effect of chromatin accessibility loss,
whereas up-DEGs were more likely the result of chromatin accessibility-independent
mechanisms (Figure 7G). For example, the expression of Ccr2, Esam, and GataZ, genes
known to be important for neutrophils, HSPCs, and erythroid progenitors, respectively,46-48
were downregulated. Their promoters, as well as other nearby peaks, also showed decreased
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accessibility (Figures 7E and 7H). By contrast, /tgam, Kit, and Epor, encoding surface
markers for neutrophil, HSPC, and erythroid lineages,*%-5! respectively, were upregulated
in KO cells. However, we did not observe any increase in chromatin accessibility at these
loci (Figures 7E and 71). Cellular differentiation-related pathways were enriched in the
down-DEGs of HSPCs and neutrophil progenitors, supporting differentiation defects (Table
S5). Intriguingly, immune response-related pathways were enriched in the up-DEGs of KO
HSPCs and neutrophil progenitors (Table S5). Collectively, these data support that Baf155
enables lineage TFs to access and activate lineage gene expression and differentiation.

We also extended the same analyses to the Mono/Mac/DC progenitor cluster, the Lympho
progenitor cluster, and the Mega progenitor cluster (Figures S7D-S7J). Similar to the
neutrophil, HSPC, and erythroid data, abundant DARs were detected, most of which showed
decreased accessibility in KO cells (Figure S7D; Table S2), while gene expression changes
were not prominent (Figure S7E; Table S5). We note that lower nhumbers of DARs and
DEGs were detected for lymphoid and megakaryocytic progenitors, which is probably

due to the lower numbers of cells in these clusters (Figure S6F). Motifs of lineage TFs

were enriched in down-DARs. For example, the E2A and FLI1 motifs, key TFs in B cell
and megakaryocytic commitment, respectively,52:53 were enriched in the down-DARs of
the corresponding clusters (Figure S7F; Table S3). CD4 and CD8 T cell-specific peaks
showed similar levels of reduction in chromatin accessibility in the lymphoid progenitors

of KO animals (Figure S7G). Interestingly, the IRF8 motif, one of the lineage-determining
TFs of Mono/Mac/DC progenitors,®* was not enriched in down-DARs (Figures S7F and
S7H). Since DARSs only represent peaks with the most prominent changes in chromatin
accessibility, we then examined the chromatin accessibility changes of all Mono/Mac/DC
peaks containing the IRF8 motif. Compared to peaks with the CEBP motif, peaks with the
IRF8 motif in general showed less reduction in ATAC signals (Figure S71). Consistent with
this, although the total ATAC signals around IRF8 motif instances were reduced in KO
Mono/Mac/DC progenitors, such reduction was less prominent compared to the CEBP motif
instances in the same cells, especially at promoters (Figure S7J). Overall, these data suggest
that IRF8 activity might be less affected by the Baf155 deficiency.

To capture additional information regarding how hematopoietic differentiation might be
altered in Baf155 KO animals, we performed pseudotime analyses using Slingshot>®
(Figure S6P), which did not identify consistent differences in the constructed differentiation
trajectories between KO and WT samples, suggesting that the general pattern of
differentiation was not significantly altered in Baf155 KO animals. On the other hand,
changes in hematopoietic differentiation patterns might have occurred but were missed,
since pseudotime analyses only capture the direction of transition from one cell to another,
not the probability of transition.

DISCUSSION

A clear understanding of lineage development would facilitate maximizing tissue
regeneration in injury or disease control. Here, we investigated the role of Baf155
mediated chromatin priming in hematopoietic lineage development. Under homeostatic
conditions, Bar155 deficiency led to defects in mature blood generation while maintaining
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HSPCs relatively normally. Despite a general decrease in the output of mature blood

cells, hematopoietic lineages were affected differently. Within the myeloid compartment,

we observed macrophage over neutrophil lineage output at the GMP level. Single-

cell multiomics data suggest that the activity of IRF8, a lineage-determining TF of
Mono/Mac/DC progenitors, might be less affected by the Baf155 deficiency compared to
CEBP factors. Indeed, cMoPs were relatively increased within the GMP compartment, while
proNeu2 was decreased. This interpretation is also consistent with previous observations
that deficiency in Baf60b, which encodes another subunit of the BAF complex, significantly
disrupted granulopoiesis, mediated by the interaction with CEBPe, a lineage-determining
TF of granulocytes.2425 Within the lymphoid lineage, we observed B cell compartment
reduction, which is consistent with a previous study showing that Baf155 is required for B
cell development.29 The relative frequency of CD3* T cells was increased, probably due to
B cell reduction. Of the T cells, CD4* T cells were more represented over CD8" T cells

in Baf155 KOV4¥ mice, suggesting that Bafl55-mediated chromatin remodeling is more
required for CD8* T cell development. Consistent with this, Brg has been shown to control
CD4* vs. CD8* T cell lineage output.2223 Intriguingly, erythroid and platelet production
was not impaired by the Baf155 deficiency in homeostatic conditions. Nonetheless,
erythroid generation was reduced upon regenerative stress by BM transplantation and after
5-FU. Collectively, we propose that neutrophils, B cells, and CD8* T cells are most sensitive
to the Baf155 defect.

We showed that Baf155 KO HSPCs could not generate mature blood cells in a timely
manner in situations where rapid HSPC expansion and lineage differentiation are needed,
such as BM transplantation or 5-FU injury, leading to organismal loss. Chromatin
accessibility in Baf155-deficient progenitors was greatly reduced. Regions with reduced
accessibility were enriched for lineage TF binding motifs. It is conceivable that, in
emergencies where blood cells need to be produced rapidly, chromatin needs to be readily
accessible for lineage-specific TFs to gain access to activate their target genes. In Baf155
KO HSPCs, we envision lineage TFs failing to activate lineage genes, leading to ineffective
blood cell generation in an emergency. Our data support that Baf155 establishes lineage
competency through chromatin priming to allow lineage gene expression and mature blood
production.

In contrast to hematopoietic regeneration conditions, where rapid production of mature
blood lineages is needed, the basal hematopoietic constituents may affect disease control.
Indeed, Baf155 KO mice, with altered hematopoietic compartments at the basal level,
supported more robust tumor growth. As for the CD8* T cells, recent studies have

shown that the BAF complex controls CD8" T cell exhaustion.>6-58 Inhibiting the BAF
complex in CD8* T cells reduced T cell exhaustion and increased T cell persistence and
anti-tumor activity. These studies suggest the distinct roles of BAF in different stages of

T cell development and activation. In tumors, we also observed increased myeloid cell
production, including MDSCs. Neutrophils in the periphery were also increased, although
the BM production of neutrophils was compromised. We attribute this to extramedullary
hematopoiesis compensating BM hematopoietic defects. Indeed, we observed splenomegaly
in both control and Baf155 KO tumor-bearing mice. Recently, mice treated transiently with
BRMO014, a chemical BRM/BRGL1 inhibitor, were shown to have similar hematopoietic
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changes as in our current genetic Baf155 deletion studies, which warrants further studies

of the BAF inhibitors that might impact baseline hematopoiesis.>® Collectively, our data
suggest that the absence of Bafl55 and subsequent chromatin remodeling impairment in
HSPCs leading to altered basal hematopoietic constituents affect disease control outcomes
in the context of cancer. Baf155encodes the core structural subunit of BAF and polybromo-
associated BAF (PBAF). Whether the effect seen by the Barf155 deletion in this study

is due to disruption of both the BAF and PBAF complex warrants further investigations

in the future. In summary, our study shows the critical role of Baf155 in establishing
chromatin priming to promote mature blood generation, hematopoietic regeneration, and
disease control but not for maintaining hematopoietic stem and progenitor pools.

Limitations of the study

There are conflicting findings regarding the role of BAF155 in the stability of the BAF
chromatin-remodeling complex. Notably, we did not observe any reduction in the BAF
components when Baf155 was deleted using Vav-Cre, consistent with studies showing

that Baf155 or Baf170 deletion does not lead to a decrease in the BAF components.50.61
However, Baf155 heterozygosity or sSiRNA treatment has been shown to reduce BRG1 or
SNF5/BAF47 protein levels.52 Future extensive biochemical studies are needed to examine
whether BAF155 is necessary for the structural integrity of the BAF complex. The impact
of Baf155 deficiency on HSC self-renewal requires thorough investigation. Tumor studies
using Vav-Crex Baf155" or Mx1-Crex Baf1557f mice are limited to hematopoietic cell
analysis. Future research needs to focus on characterizing individual immune cells and their
functions. The use of bulk ATAC-seq data from homeostatic conditions for comparison
with single-cell data of regenerating HSPCs may have limitations. Additionally, although
we observed strong enrichments of lineage-specifying TF binding motifs in down-DARs,
we do not have direct measurements of TF binding in the same cells. TFs may not bind

to these regions due to a lack of chromatin accessibility or may bind but cannot open the
chromatin without BAF155. The rapid development of single-cell cut&tag technology may
help address these limitations soon.

STARXMETHODS
RESOURCE AVAILABILITY

Lead contact—Further information and requests for resources and reagents should be
directed to and will be fulfilled by the corresponding author and lead contact, Dr. Kyunghee
Choi (kchoi@wustl.edu).

Materials availability—This study did not generate any unique reagents.

Data and code availability

. All sequencing data have been deposited at GEO and are publicly available as of
the date of publication. Accession numbers are listed in the key resources table.
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. Code used for sequencing data analyses has been deposited in Zenodo and is
publicly available as of the date of publication. The DOl is listed in the key
resources table.

. Any additional information required to reanalyze the data reported in this work is
available from the lead contact upon request.

EXPERIMENTAL MODEL AND SUBJECT DETAILS

Mouse models—Bar155"" mice have been previously described.29:34 Vay-Cre (008610)
mice were purchased from Jackson Labs and the line was maintained in a rodent barrier
facility. Vav-Cre, Baf155 conditional knockout mice were generated by first crossing Vav-
Cre positive females to Baf1557 males. Vav-Cre, Baf155"* females were then crossed to
Baf155"  males to generate the conditional knockout (Baf155 KO'2Y). The same method
was used to generate MxI-Cre, Baf155 conditional knockout mice (Baf155 KOV¥I), with
either male or female carrying Cre. CD45.1 (002014) and CD45.2 (000664) mice were
purchased from Jackson Labs and the lines were maintained in a rodent barrier facility.
CD45.1/2 mice were generated by crossing CD45.1 and CD45.2. Animal studies were
approved by the Animal Studies Committee at Washington University School of Medicine.
All in vivo experiments were performed following the guidelines set by the Institutional
Animal Care and Use Committee. Animals were fed standard chow diet in an ad libitum
manner, and kept under an ambient temperature of 22°C and 50-60% humidity with a
12-h dark/light cycle (6 a.m. - 6 p.m.: light; 6 p.m. - 6 a.m.: dark). Both male and female
mice were used in all the /n vivo experiments. The influence of sex on phenotype was not
observed.

Cell culture—PyMT-B683 tumor cells were cultured in DMEM high glucose
(Cat:1196509, ThermoFisher Scientific) growth medium supplemented with 10% (v/v)
FBS (Cat:12103C, Millipore Sigma), 100 unit/ml penicillin-streptomycin (Cat:15140122,
ThermoFisher Scientific). 1956 sarcoma cells® were cultured in RPMI 1640 growth
medium supplemented with 10% (v/v) FBS, 100 unit/ml penicillin-streptomycin, 1%

(v/v) L-glutamine (200mM) (Cat:BW17-605E, ThermoFisher Scientific), 1% (v/v) Sodium
Pyruvate (100mM) (Cat: BW13-115E, ThermoFisher Scientific), 0.5% (v/v) Sodium
Bicarbonate (7.5% w/v stock) (Cat: BW17-613E, ThermoFisher Scientific), and 0.1% (v/v)
2-Mercaptoethanol (Cat: M-6250, Millipore Sigma).

METHOD DETAILS

Genotyping—Mouse genomic DNA was isolated using the Mouse Direct PCR kit
(Bimake). Genotyping was performed by PCR. To assess Vav-Cre excision efficiency

in hematopoietic stem cells (HSCs), sorted HSCs (CD34-CD150"CD48~KSL) were re-
suspended in 100uL lysis buffer + proteinase K, incubated at 55°C for 20 min, and

then 95°C for 5 min. The lysates were subsequently used for genotyping. Sequences for
genotyping primers are as follows: Vav-Cre. 5'-AGATGCCAGGAC ATCAGGAACCTG-3’
and 5"-ATCAGCCACACCA GACACAGAGATC-3’ (236bp), MxI-Cre.5'- GTGAGT
TTCGTTTCTGAGCTCC-3” and 5-CGGTTATTCAACTTGCACCA-3’ (340bp), Baf155:
P1: 5 -TGTCATCCATGAGGAGTGGTC-3’, P2: 5'-GGTAGCTCACAAATGCCTGT-3’

Cell Rep. Author manuscript; available in PMC 2024 October 10.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wu et al.

Page 14

(WT = 400bp, Flox = 450bp), and P3: 5"-AACCTAGATGGCTCAGTAGGC-3’ (Deletion
= 740bp). Primers for genomic quantitative PCR are as follows: (i) 5'-AGGCGGAG
ATTTGATCTTCAG-3, (ii) 5'-AGAGGAAAGATGAGGCAAAGG-3’.

In vivo treatment—For MxI-Cre mediated deletion, four to six-week-old Mx1-Cre-
posivite or -negative mice were intraperitoneally (i.p.) injected every other day for five total
injections with 250 ug of poly (1:C) HMW (InvivoGen). Poly (1:C) injection was completed
at least 15 days prior to each experiment.

For the induction of hematopoietic stress, mice were injected i.p. with one dose of 5-FU
(Sigma, Cat#: F6627) in PBS (150 mg/kg or 250 mg/kg body weight). Total BM cell count,
hematopoietic progenitors’ frequency and numbers were determined after 11 days (250
mg/kg) or 10 days (150 mg/kg) of 5-FU administration. Cell cycles were determined after
9 days (150 mg/kg) of 5-FU administration. For the evaluation of susceptibility, mice were
challenged with two doses of 5-FU (150 mg/kg) at 7-day interval and survival time was
recorded from the first injection until death.

For Cy/GCSF induced stress, mice were injected i.p. with one dose of cyclophosphamide
(4 mg/mouse, Sigma) followed by two daily subcutaneous (s.c.) injection of 5 pg G-CSF
(Neupogen, Amgen). 1 day after the last G-CSF injection, mice were euthanized for
subsequent analysis.3!

Tumor transplantation models—For tumor transplantation studies, 5 x 10° PyMT-B6
tumor cells or 1 x 106 1956 cells were mixed with growth factor reduced Matrigel (Cat:
354248; Corning) at a 1:1 (v/v) ratio in PBS and injected subcutaneously into the back of the
mice. Tumor growth was measured accordingly, and tumors were harvested at 21 days for
PyMT-B6 and 18 days for 1956.

BM transplantation assay—~For competitive BM transplantation (BMT), 2 million total
BM cells from 8 to 12-week-old control or Baf155 KOV4 (CD45.2) mice were mixed

with an equal number of competitor total BM cells (CD45.1) and transplanted into lethally
irradiated (9.5Gy) recipient mice (CD45.1/2) by retro-orbital injection. Every four weeks
post BMT, donor cell reconstitution in PB was evaluated by flow cytometry. Sixteen weeks
after BMT, reconstituted donor stem and progenitor cells (HSPC) from BM were analyzed
by flow cytometry. For competitive BMT prior to Baf155 deletion, 2 million total BM

cells from 8 to 12-week-old control or Baf155 KOV*1 (CD45.2) mice were mixed with

an equal number of competitor total BM cells (CD45.1) and transplanted into lethally
irradiated (9.5Gy) recipient mice (CD45.1/2) by retro-orbital injection. Donor engraftment
was assessed in PB 4 weeks after transplantation, Bar155 deletion was then induced

in recipient mice using poly (1:C). The reconstitution of donor cell was determined as
described above. For whole BMT, 2 million total BM cells from 8 to 12-week-old control
or Baf155 KOV&¥ (CD45.2) mice were transplanted into lethally irradiated (9.5Gy) recipient
mice (CD45.1) by retro-orbital injection. The survival time of recipient mice was recorded
from BMT until death. PB analysis was performed on surviving recipient mice at day 30 and
day 60 post BMT.
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Flow cytometric analysis—BM cells were harvested from femurs and tibias by
centrifugation at 6000rpm for 5 min at 4°C. Spleen was collected and meshed into a single-
cells suspension through a 70-um cell strainer using the back side of a sterile 5mL syringe
plunger. Peripheral blood (PB) was collected by venipuncture of the facial vein. For staining,
cells from PB, BM and Spleen were lysed with ACK lysing buffer (Gibco) for 3 min at

RT to remove red blood cells, followed by staining with different fluorochrome-conjugated
anti-CD45-BUV395 (30-F11) (1:200), -CD11b-BV650 (M1/70) (1:200), -CD172a-PerCP/
€710 (P84) (1:200), -SiglecF-AF647 (E50-2440) (1:200), -Ly6G-BV711 (1A8) (1:200),
-Ly6C-BV785 (HK1.4) (1:200), -CD115-BV605 (AFS98) (1:200), -CD3-APC\Cy7 (17A2)
(1:200), -CD4-FITC (RM4-5) (1:200), -CD8-PE (53-6.7) (1:200), -B220-PE\Cy7 (RA3-
6B2) (1:200), -F4\80-BVv421 (BM8) (1:200) antibodies, for 40 min at 4°C. Cells were
washed and suspended in FACS buffer (PBS with 0.5% BSA) for flow cytometry analysis.
The gating strategy of different cell lineages is shown in Figure S1G.”?

Tumor tissues were harvested, minced into fine pieces, and dissociated into single-

cell suspensions with an enzymatic digestion buffer consisting of Collagenase-11 (For
1956 tumors) (Cat: LS004176, Worthington) or Collagenase-I11 (For PyMT-B6 tumors)
(Cat: LS004182, Worthington), along with Dispase-11 (Cat: D4693, Millipore Sigma)

and Deoxyribonuclease 1 (Cat: LS002139, Worthingon). Next, the cells suspensions

were incubated with LIVE/DEAD Fixable Blue Dead Cell Stain Kit (Cat: L34961)

alone with different panels of fluorophore-conjugated surface staining antibodies: CD45-
BV605 (30-F11) (1:200), CD3-APC\Cy7 (17A2) (1:200), CD4-BUV496 (GK1.5) (1:200),
CD8-PE\Cy5 (53-6.7) (1:200), CD25-BV650 (PC61) (1:200), CD11b-BUV737 (M1/70)
(1:200), F4/80-PercP\Cy5.5 (BM8) (1:200), Ly6G-BUV805 (1A8) (1:200), Ly6C-BV510
(HK1.4) (1:200), B220-BUV395 (RA3-6B2) (1:200). For Subsequent intracellular
staining, cell suspensions were fixed and permeabilized with either Foxp3/Transcription
Factor Staining Buffer Set (Cat: 00-5523-00, ThermoFisher Scientific) or Intracellular
Fixation & Permeabilization Buffer Set (Cat: 88-8824-00, ThermoFisher Scientific)

and subsequently stained with intracellular anti-Foxp3-BV421 (1:100). The different
lineages are defined as: B cells (CD45+B220+), Treg (CD45*CD3*CD4*CD25+Foxp3+),
CTL (CD45*CD3*CD8*), TAM (CD45*CD11b+F4/80+), MDSC (CD45*CD11b+Ly6G +
Ly6C+), Neutrophil (CD45*CD11b+Ly6G + Ly6CLoW).

Samples were analyzed using either BD FACSSymphony A3 (BD Biosciences) or BD
LSRFortessa X-20 (BD Biosciences) and later processed with FlowJo software (BD Life
Sciences).

Hematopoietic stem and progenitor cell analysis—For lineage staining, cells from
PB or BM were lysed with ACK lysing buffer (Gibco) for 3 min at RT to remove red blood
cells, followed by staining with different fluorochrome-conjugated anti-Gr-1 (RB6-8C5)
(granulocytes) (1:200), -CD11b (M1/70) (macrophage) (1:200), -B220 (RA3-6B2) (B cells)
(1:200), -CD4 (GK1.5) (1:200) and -CD8 (53-6.7) (1:200) or -CD3 (17A2) (T cells) (1:200)
antibodies, for 40 min at 4°C. Cells were washed and suspended in FACS buffer (PBS with
0.5% BSA) for flow cytometry analysis.
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For HSPC and committed progenitors staining, BM cells were harvested from femurs

and tibias by centrifugation at 6,000rpm for 5 min at 4°C and quickly lysed with ACK
lying buffer for 3 min at RT. Cells were suspended in FACS buffer and counted on

an automated Nexcelom cell counter. Cells were then stained with PE-Cy7 conjugated
anti-Gr-1 (RB6-8C5) (1:400), -CD11b (M1/70) (1:200), -B220 (RA3-6B2) (1:200),
-Ter119 (TER-119) (1:200) and -CD3 (145-2C11) (1:200), in combination with APC-
Cy7-c-Kit (2B8) (1:100), PerCP-Cy5.5-Scal (E13-161.7) (1:100), APC-FIk2 (A2F10.1)
(1:100), PE-CD150 (TC15-12F12.2) (1:100), BV711-CD48 (HM48-1) (1:100), FITC-
CD34 (RAM34) (1:100) and BV421-CD16/32 (93) (1:200) antibodies for 40 min on ice.
Flow cytometry was carried out on BD Symphony A3 machine. Data were analyzed

on FlowJo software (FlowlJo, LLC). Different HSPC subpopulations were defined as
long-term hematopoietic stem cells (LT-HSC, Lin~c-Kit*Scal1*FIk2-CD150*CD48"), short-
term hematopoietic stem cells (ST-HSC, Lin~c-Kit*Scal1*FIk2-CD150~CD48™), multiple
potent progenitors (megakaryocyte/erythroid-biased MPP2, FIk2~-CD150*CD48* KSL;
Myeloid-biased MPP3, FIk2~CD150"CD48" KSL; lymphoid-biased MPP4, FIk2*CD150~
KSL).”2 Different committed progenitors were defined as granulocyte-monocyte progenitor
(GMP, CD34*CD16/32*Linc-Kit*Scal~) cells, common myeloid progenitor (CMP,
CD34*CD16/32~ Linc-Kit*Scal™) cells and megakaryocyte-erythrocyte progenitor (MEP,
CD34°CD16/32™ Lin~c-Kit™Scal™).

For the identification of BM myeloid progenitor cell subsets, BM cells were

stained with BUV395-CD45 (30-F11) (1:200), APC-Cy7-c-Kit (2B8) (1:100), FITC-
CD34 (RAM34) (1:100), BV711-CD16/32 (93) (1:200), APC-FIt3 (A2F10.1) (1:100),
BV785-Ly6C (HK1.4) (1:200), PE-CD81 (Eat-2) (1:100), BV605-CD115 (AFS98)
(1:200), BUV737-CD11b (M1/70) (1:200), PerCP-Cy5.5-CD106 (429) (1:100), together
with exclusion lineage markers that include Ly6G (1A8), CD90.2 (53-2.1),

B220 (RA3-6B2), NK1.1 (PK136), Ter119 (TER119), and Sca-1 (D7). After
exclusion of cell doublets and dead cells with DAPI, proNeul were identified

as CD45* Lin~cKit"'CD34*CD16/32*FIt3-Ly6C*CD115"CD81*CD11b'°"CD106™,
proNeu?2 were identified as CD45*Lin"cKithiCD34*CD16/32*
FIt3"Ly6C*CD115"CD81*CD11b*CD106*, cMoP were identified as
CD45*Lin"cKitiCD34*CD16/32*FIt3 "Ly6C*CD115*CD81".

For transplantation experiments, PB chimerism and lineage distribution of donor-derived
cells were assessed by cell staining with Pacific blue-CD45.2 (104), PE-Cy7-CD45.1 (A20),
FITC-CD4 (GK1.5) and -CD8 (53-6.7), PerCP-Cy5.5-B220 (RA3-6B2), APC-Grl (RB6-
8C5), PE-CD11b (M1/70).

BrdU and cell cycle assay—Mice were i.p. injected with 200uL BrdU (10 mg/kg;
Sigma) for 2 h. Total BM cells were stained with cell surface markers for HSCs/MPPs,
and then fixed and permeabilized with BD Cytofix/Cytoperm kit. After washing with BD
Perm/Wash buffer, cells were intracellularly stained with PE-ant/-BrdU (Cat#: 556029, BD
Pharmingen) (20uL per test) and FITC-anti-Ki67 (Cat#: 556026, BD Pharmingen) (20uL
per test) for 2 h at RT. After washing, cells were incubated with FxCycle Violet dye
(ThermoFisher) for 1-2 h before acquisition.
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Hematopoietic stem and progenitor cell sorting and ex vivo cultures—Single-
cell suspensions from BM were prepared as described above. Cells were then stained with
PE-Cy7 conjugated anti-Gr-1 (RB6-8C5), -CD11b (M1/70), -B220 (RA3-6B2), -Ter119
(TER-119) and -CD3 (145-2C11), in combination with APC-Cy7-c-Kit (2B8), PerCP-
Cy5.5-Scal (E13-161.7), APC-FIk2 (A2F10.1), PE-CD150 (TC15-12F12.2), FITC-CD34
(RAM34) and BV421-CD16/32 (93) antibodies for 40 min on ice. KSLs (Lin~c-Kit*Scall1™),
LT-HSCs (CD347FIk2"KSL), MPPs (FIk2MICD34*KSL), CMPs and GMPs were sorted on
FACS Aria Il (BD Biosciences) sorter using 85um nozzles.

For in vitro competitive culture, sorted KSL cells from control or Baf155 KOV2¥ (CD45.2)
and WT mice (CD45.1) were mixed at a 1:1 ratio (5000 cells each) and cultured in 24-
well tissue-culture plates. Culture media consisted of StemSpan serum-free base medium
(StemCell Technologies), 10% serum, penicillin (50U/ml) and streptomycin (50U/ml) and
different combination of cytokines, either SCF (25 ng/ml, PeproTech), FLT3L (20 ng/ml,
PeproTech) and IL3 (1% supernatant), or SCF (25 ng/ml, PeproTech), FLT3L (20 ng/ml,
PeproTech) and IL3 (1% supernatant), mTPO (20 ng/ml, PeproTech), IL6 (10 ng/ml,
PeproTech), IL11 (10 ng/ml, PeproTech), M-CSF (10 ng/ml, PeproTech) and GM-CSF
(10 ng/ml, PeproTech). Cells were analyzed after 3.5-4 days of culture by flow cytometry
stained with PE-Cy7 conjugated anti-B220 (RA3-6B2), -Ter119 (TER-119) and -CD3 (145-
2C11), APC-conjugated anti-Gr-1 (RB6-8C5) and -CD11b (M1/70), Pacific blue-CD45.2
(104) and FITC-CD45.1 (A20).

For myeloid differentiation and surface marker analyses, LT-HSCs, MPPs, CMPs and
GMPs were sorted from BM directly into a round-bottom 96-well plate at a density of
1000 cells/well. Culture media consisted of StemSpan serum-free base medium (StemCell
Technologies), 10% serum, penicillin (50U/mL) and streptomycin (50U/mL) and SCF (25
ng/ml, PeproTech), FLT3L (20 ng/ml, PeproTech), IL3 (1% supernatant), mTPO (20 ng/ml,
PeproTech), IL6 (10 ng/ml, PeproTech), 1L11 (10 ng/ml, PeproTech), M-CSF (10 ng/ml,
PeproTech) and GM-CSF (10 ng/ml, PeproTech). Cells were counted at indicated time
point and analyzed at day 7 by flow cytometry using FITC-CD45 (30-F11), BV421-CD11b
(M1/70), APC-Grl (RB6-8C5) and PE-F4/80 (BM8).

Complete blood count (CBC)—Peripheral blood was collected by venipuncture of the
facial vein and immediately transferred into EDTA-coated tubes (BD Microtainer). Blood
samples were mixed and analyzed using the HV950 Hemavet (Drew Scientific, Inc.).

Colony-forming unit (CFU) assay—Unfractionated BM cells or sorted HSCs, MPPs,
CMPs and GMPs from the various mouse model and their corresponding controls were
plated in a 3cm Petri dish containing 1mL MethoCult M3434 methylcellulose medium
(StemCell Technologies) at the indicated numbers and cultures were maintained in a
humidified incubator at 37°C, 5% CO». Colonies were counted and collected for further
analysis at day 6.

Nuclear extract preparation and western blotting—Bone marrow cells were
collected from control and KO Y4 mice. Cells were washed twice with phosphate-buffered
saline (PBS) and centrifuged for 5 min at 3000 rpm. Nuclear extraction was conducted
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following manufacturing protocol (Abcam, ab113474). Cell pellet was resuspended in
pre-extraction buffer containing dithiothreitol (DTT) and protease inhibitor cocktail (PIC),
incubated on ice for 10 min, vortexed vigorously for 10s, and centrifuged at 12000 rpm
for 1 min. The pellet containing nuclei was resuspended in nuclear extraction buffer
containing DTT and PIC, incubated on ice for 15 min, vortexed vigorously every 3

min, then centrifuged at 14000 rpm for 10 min. Supernatant was collected and used for
immunoblotting.

Western blotting was conducted following standard protocols. Primary antibodies used

for western blotting are BAF155 (11956) (1:1000), BRG1 (49360) (1:1000), BAF170
(12760) (1:1000), BAF57 (33360) (1:1000), BAF47 (8745) (1:1000), BAF60A (35070)
(1:1000) and Lamin B1 (13435) (1:1000) all from Cell Signaling Technology. Secondary
antibody was horseradish peroxidase-conjugated goat anti-rabbit IgG (7074, Cell Signaling
Technology) (1:3000). Membranes were developed with ECL chemiluminescence substrate
(ThermoFisher) and detected using ChemiDoc (Bio-Rad).

Single cell multiomic library preparation, sequencing and mapping—LK and
LSK cells were FACS-isolated from the bone marrow of WT and KO animals at 9- or
11-days post 5-FU (150 mg/kg) treatment. 3 to 5 animals were pooled for each sample. After
sorting, LK and LSK cells from each sample were mixed at a 1:1 ratio. Nuclei were isolated
following the 10x protocol CG000365 « Rev B. Isolated nuclei were further processed using
the 10x “Single Cell Multiome ATAC + Gene Expression” platform (CG000338 Rev B).
The final libraries were sequenced to a depth of 50K reads per cell for the RNA fraction

and 60K reads per cell for the ATAC fraction, following the sequencing recommendations

in CG000338 Rev B and CG000373 « Rev B. Raw reads were aligned using cellranger-arc
(v2.0).

Single cell multiomic data cleaning—First, for the RNA fraction of the multiomic
data, gene x cell matrices from cellranger-arc were imported into Seurat573 (v3.2.3). Al
cells with fewer than 750 genes detected and all genes detected in fewer than 5 cells
were removed from the matrices. Cells were then ranked based on the number of detected
genes (nFeature, small to large) to construct a scatterplot with rank and nFeature as x

and y axes, respectively. For each sample, an elbow point was identified on x, on the
right side of which y increases sharply with respect to x. Cells after the elbow point

were filtered out as putative doublets. Similarly, a scatterplot was constructed for the of
percentage of UMIs mapped to mitochondria genes (percent.mt) against its rank, and all
cells on the right side of the elbow point was removed to filter out apoptotic cells. For

the remaining cells in each sample, normalization (Seurat::scTransform()), dimensionality
reduction (Seurat::RunPCA(npcs = 60)), and clustering (Seurat::FindNeighbors(dims =
1:30) followed by Seurat::FindClusters(resolution = 0.7)) were performed.

For the ATAC fraction, cellranger-arc output was imported into ArchR%6 (v1.0.1). Cells with
fewer than 1000 ATAC fragments or TSS enrichment score < 10 were filtered out. For each
sample, to remove putative doublets: 1) ArchR::addlterativeL Sl(iterations = 2, dimsToUse
= 1:30, clusterParams = list(resolution = 0.2, n.start = 10)) was used for dimensionality
reduction; 2) ArchR::addClusters(resolution = 0.8, dimsToUse = 1:15) was used to find
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clusters; 3) ArchR::addUMAP(nNeighbors = 30, minDist = 0.5, dimsToUse = 1:15) was
used to generate UMAP embeddings; 4) ATAC UMAP annotated by ATAC based clustering
or RNA based clustering was then contrasted. If the cells in a given ATAC-based cluster
resided closely to each other on the ATAC UMAP, but were from distinct lineages according
to RNA based clustering, we considered this cluster as putative doublets and removed it
from analyses; 5) for the remaining cells, those receiving top 3% DoubletEnrichment scores
calculated by ArchR were further removed. Cells passing both RNA and ATAC based
filtering were used for subsequent analyses.

Single cell multiomic data clustering and cell type identification—The scRNA
data from all samples were integrated using the reciprocal PCA method in Seurat,

with SCTransform based normalization and k.anchor = 20. Subsequently, dimensionality
reduction (Seurat::RunPCA(npcs = 60)), clustering (Seurat::FindNeighbors(dims =

1:30) followed by Seurat::FindClusters(resolution = 0.8)), and UMAP visualization
(Seurat::RunUMAP(dims = 1:30)) were performed. The known marker genes of HSPC and
various blood lineages were used to assign cell types to clusters.

The ATAC fraction of all samples were merged using ArchR without batch effect
correction. Dimensionality reduction and UMAP were accomplished using the same
functions and parameters mentioned above for the data cleaning of single samples.
Cluster-specific peaks (“marker peaks™) for each RNA based cluster were identified

using ArchR::getMarkerFeatures(). Motifs enriched in marker peaks were identified using
ArchR::peakAnnoEnrichment() with the HOMER motif database. chromVAR analyses
were performed using ArchR::addDeviationsMatrix() with the HOMER motif database.
ArchR::addImputeWeights() with default parameters was used to smooth the chromVAR
results for visualization.

Single cell multiomic data differential analyses—Differential analyses were
performed using samples obtained on day 9 post 5-FU treatment. However, identified

DEGs and DARs showed the same trend in day 11 post 5-FU treatment samples. For
differential gene expression, a pseudobulk gene expression matrix was generated for each
cluster through aggregating the raw counts from all pass-filter cells in each sample. Each
cluster-specific pseudobulk matrix was filtered to only retain genes that are detected in all
pseudobulk samples. The rationale is that for non-detected genes, it is uncertain if they
were not expressed or not detected, especially when the number of cells in the cluster is
low. Additionally, it is uncertain how to normalize 0’s. DESeq2%9 (v1.26.0) was used to
perform differential expression analyses from the filtered pseudobulk matrices. DEGs were
determined based on the cutoff of FDR < 0.05 and log2FoldChange > 1. A similar method
was used to identify DARSs: 1) A union peakset was created containing peaks from all
clusters using ArchR::addReproduciblePeakSet(). A peak x sample pseudobulk matrix was
subsequently created for each cluster. Each cluster-specific pseudobulk matrix was filtered
such that: 1) Only peaks with at least 1 fragment in all pseudobulk samples were retained; 2)
A cpm matrix was calculated using edgeR::cpm(),”* and only peaks with cpm = 6 in at least
1 sample were retained. This filter is added because the union peakset contains peaks from
all clusters; 3) The maximum across all samples were calculated for each remaining peak.
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Peaks within the highest 2 percentiles in terms of this maximum were further filtered out.
DARs were called with the same method and cutoffs as DEGs.

For motif enrichment in DARs, up (KO >WT) and down (WT > KO) DARs were separately
ranked by p value and the top 1000 peaks (or all peaks when fewer than 1000 were
available) in each category were used for motif enrichment. For each DAR used for motif
enrichment, its 25 closest non-DARs in the Euclidean space constructed from WT samples
were selected without replacement as background peaks. HOMER (v4.11.1) was used for
motif enrichment in DARs relative to background peaks (findMotifsGenome.pl up_DAR.bed
mm10.fa out_dir -bg up_DAR_background.bed -nomotif -size given).”

GREAT analysis was used to identify biological pathways enriched in genes in the vicinity
of down-DARs.”8 The background and foreground peaks used in motif enrichment were
used as input for GREAT. “Basal plus extension” was used to associate genes to DARs.

ATAC signal pile-up was performed using ArchR::getFootprints(smoothWindow = 20).
Motifs were taken from the HOMER motif database. No bias correction was applied.
Confidence intervals (shaded areas around curves) were calculated based on the 2

replicates of each condition (KO vs. WT) collected at day 9 post 5-FU treatment.

The union peak set from all clusters was partitioned into “Promoter”, “Intronic”, and
“Intergenic” peak sets using ChlPseekerannotatePeak (tssRegion = ¢(-1000, 500), TxDb

= TxDh. Mmusculus.UCSC.mm10.knownGene, annoDb = “org.Mm.eg.db”). Peaks in other
categories (e.g., Exonic and UTR peaks) were not assessed since each of these categories
only contained a small number of peaks (< 8% of all peaks), and since this analysis only
uses peaks that contain a specific motif, an even smaller number of peaks can be used.
Therefore, the pile-up signatures for these other categories are less accurate. For each peak
set (“Promoter”, “Intronic”, or “Intergenic™), this approach finds all instances of a specific
motif (CEBP motif, for example) across the peak set, uses the centers of these motif
instances as anchors, and computes the total numbers of Tn5 insertions across all motif
instances for each bp within the motif center £ 250 bp region. The resulting ATAC pile-up
signature was then normalized. The ATAC pile-up signature was quantified as the mean
pile-up value of the motif center £25 bp region, normalized to the mean of the WT samples,
and presented in bar plots.

ChlPseeker’’ (v1.24.0) was used to annotate each peak in the peakset as “Promoter”,
“5” UTR”, “Exon”, “Intron”, “Intergenic”, etc. (ChlPseeker::annotatePeak (tssRegion =
¢(=1000, 500), TxDb = TxDb.Mmusculus.UCSC.mm10.knownGene, annoDb = “org.M-
m.eg.db”)). Peaks whose annotation is not “Promoter” were considered as putative
enhancers.

Pathway enrichment in DEGs were performed using clusterProfiler::enricher’8 (v3.12.0).
The database of pathways included hall-mark and GOBP gene sets from MsigDB79 (v7.2).
For each cluster, all genes in the pass-filter psedubulk matrix of that cluster were used as the
“universe”.

For genome browser visualization, bigwig files were generated using
ArchR::getGroupBW(), and visualized using WashU Epigenome Browser.”0
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Single cell pseudotime analyses—Pseudotime analyses were performed using
Slingshot.>® Briefly, small clusters (as indicated in figures) were removed. Lineages was
then inferred using slingshot::getLineages(). The PCA space (PC1-30) was used. The HSPC
cluster was indicated as starting cluster (start.clus), whereas downstream progenitors were
used as end clusters (end.clus). Then, slingshot::getCurves(approx_points = 400) was used
to obtain trajectory curves in the PCA space. Finally, slingshot::embedCurves was used to
project the trajectory from PCA space to UMAP space.

Bulk ATAC-seq library generation and data analyses—For ATAC-seq library
generation, approximately 10,000 KSL cells and 30,000 GMP cells per sample were isolated
from control and Vav-Cre; Baf155 KO BM using FACS sorter as described above. ATAC-
seq libraries were generated following the Omni-ATAC protocol8? with modifications.1®
The reads were de-multiplexed by using sample-specific index sequences. ATAC-seq data
was processed using the AIAP pipeline®” (v1.1). We used neutrophil progenitors (cluster 0)
or HSPC (cluster 1) specific pass-filter peaks for the analysis of GMP or KSL bulk data,
respectively. Peak x sample matrices were constructed through counting the number of Tn5
insertions (output by AIAP) in each peak for each sample. Matrices were normalized using
DESeqz2::estimateSizeFactors(). The trend of chromatin accessibility changes (KO > WT
or KO < WT) were determined by the sign of the log2FoldChange column returned by
DESeq2::results().

To obtain CD4 and CD8 T cells-specific ATAC-peaks, Immgen ATAC data were

retrieved from GEO (GEO: GSM2692186, GSM2692187, GSM2692188, GSM2692343),
and processed using the AIAP pipeline. For each sample, peaks were called as a part

of the AIAP pipeline, and were further filtered to only retain those with —log10(FDR)

> 8. Pass-filter peaks from all samples were merged. DESeq2 (default parameters) were
used to find CD4 and CD8 specific peaks (FDR < 0.05, log2FoldChange > 1). These
peaks were intersected with the lymphoid progenitor peaks used in the pseudobulk
analyses of single-nuclei data (“single nuclei peaks”; GenomicRanges::findOverlaps()). The
log2FoldChange of CD4 and CD8-specific peaks in KO vs. WT animals were represented
by the log2FoldChange of the corresponding single nuclei peaks in the single-nuclei data.
CD4 and CD8-specific peaks that did not overlap single nuclei peaks were removed.

H3K27ac and H3K27me3 profiles from public datasets—Public histone
modification datasets were retrieved from GEO DataSets (https://www.ncbi.nlm.nih.gov/
gds). The data source for each heatmap is indicated in figure legends.81-87 Original bigwig
files submitted by the authors were used. For each cell type, 500 randomly sampled down-
DARs not overlapping with repeats were used. Repeats were retrieved from UCSC table
browser (mm210 genome, updated 2021-04-08). Heatmaps were generated using deeptools
(v3.5.0).%8

ChIP-gPCR—AII target regions of ChIP-gPCR were 500 bp ATAC-peaks (defined by
ArchR) with CEBP or GATAL motifs. Motif occurrences were downloaded from https://
www.vierstra.org/resources/motif_clustering. Some targets are down-DARSs close to the
transcription start sites of down-DEGs (Targets 1, 2, 5, 6), while others are non-DARs
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close to non-down-DEGs as control regions (Targets 3, 4, 7). All targets contain the CEBP
or GATAL motif.

Chromatin immunoprecipitation (ChIP) was performed according to the manufacture’s
protocol (ChIP kit, 9005, Cell Signaling Technologies) with the following modification:

4 million whole BM cells were used per preparation. After cell lysis, nuclei extracts were
digested by adding 0.5 uL. Micrococcal Nuclease per IP prep and incubating for 20 min

at 37°C with frequent mixing to digest DNA to a size of approximately 150-900 bp.
Digestion was stopped by adding 10 pL 0.5 M EDTA and samples placed on ice for 2

min. Nuclei was pelleted and resuspend in 100 uL ChIP buffer. Nuclear lysates were further
subjected to sonication to break nuclear membrane using a 120 Sonic Dismembrator (Fisher
Scientific) at 4°C for 3 cycles, cycling ON for 10 s and OFF for 30 s at 40% amplitude.
Approximately 5 pug of digested, cross-linked chromatin and 5 mg of antibody (CEBPB,
ProteinTech, 23431-1-AP; GATA1, Santa Cruz, sc-265) were used per immunoprecipitation.
IP samples were incubated overnight at 4°C with rotation, followed by 30 uL of protein G
Magnetic Beads per IP reaction, and incubated for an additional 2 h at 4°C with rotation.
After elution of chromatin from the antibody/protein G magnetic beads, reverse cross-link
performed by adding 6 uL. 5 M NaCl and 2 L proteinase K per IP, and incubating for 6 h

at 65°C. Immunoprecipitated DNA fragments were isolated using spin columns provided by
the kit and subjected to qPCR with appropriate primers indicated in Table S6. Rabbit 1gG
(Cell Signaling Technologies, 2729) was used as a negative control. Quantitative PCR was
performed in duplicate, and data were normalized to input values. The fold changes over
IgG were shown in the figures.

QUANTIFICATION AND STATISTICAL ANALYSIS

Statistics—GraphPad Prism 10 software was used for performing statistical analysis and
generating graphs/plots. Data are presented as mean with standard deviation for all the
measurements. All experimental data were reliably reproduced in two or more individual
biological replicates. Details of the statistical tests performed are given in the respective
figure legends. p < 0.05 was considered statistically significant. No methods were used to
determine whether the data met assumptions of the statistical approach.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights
Baf155is needed for lineage-specific chromatin remodeling
Bar155is critical for hematopoietic lineage differentiation
Bar155is indispensable for hematopoietic regeneration

Baf155 deficiency compromises anti-tumor immunity
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Figure 1. Baf155 KO mice show cytopenia at steady-state hematopoiesis.
(A) Complete blood count (CBC) analysis of peripheral blood (PB) from control (7= 17)

and Baf155 KOY&¥ (n= 17) mice. WBC, whole blood cell; LY, lymphocyte; MO, monocyte;
NE, neutrophil; PLT, platelet; RBC, red blood cell; HB, hemoglobin; HCT, hematocrit.

(B) Different lineage cell percentages in the PB of control and Baf155 KOV4 mice were
analyzed by flow cytometry. Control (7= 27-28) and Baf155 KOV4 (n= 22-24). See Figure
S1G for markers and gating strategy.
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(C and D) Different lineage cell percentages (C) and numbers (D) in the BM of control (n=

8) and Baf155 KOV2¥ (n= 8) mice were analyzed by flow cytometry.

(E and F) Frequency (E) and cell number (F) of different hematopoietic progenitors

in BM of control and Baf155 KOV4" mice as determined by flow cytometry.

Control (7= 12) and Baf155 KO (n=12). See Figure S1J for markers and

gating strategy. Long-term hematopoietic stem cell (LT-HSC), CD150*CD48 Flk2"KSL
cells; short-term hematopoietic stem cell (ST-HSC), CD150"CD48™FIk2"KSL; MPP2,
CD150*CD48*FIk2"KSL; MPP3, CD150"CD48*FIk2"KSL; MPP4, CD150"FIk2*KSL;
LK, Lin"Kit*Sca-17; CMP, CD34*CD16/327LK; GMP, CD34*CD16/32*LK; MEP,
CD34°CD16/327LK.

All experiments were performed in 8- to 10-week-old mice. Each symbol represents an
individual mouse. For all graphs, data are presented as mean + SD. Unless otherwise
indicated, the p values were determined by unpaired two-tailed Student’s t test. n.s., not
significant. *p < 0.05, **p < 0.005, ***p < 0.001, ****p < 0.0001.

The pvalues were unadjusted. See also Figure S1.
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Figure 2. Baf155-deficient BMs display defective reconstitution ability.

(A) Experimental design for the competitive repopulation assay with total BM cells from
either control or Baf155 KOV?¥ mice.

(B) Representative FACS plots showing donor chimerism (CD45.2) in PB of recipients
transplanted with total BM from either control or Baf155 KOV4" mice.

(C) Donor chimerism (CD45.2) in the PB of recipient mice was measured every month, and
the results are shown in the graph. Control (1= 16) and Baf155 KOY4 (n= 15).
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(D) Percentage of donor-derived T cells (CD4+8), B cells (B220), granulocytes (Grl), and
Monos (CD11b) in the PB of recipient mice 4 months after transplantation. Control (7= 16)
and Bar155 KOV (n= 15).

(E) Percentage of donor chimerism (CD45.2) and donor-derived T cells (CD4+8), B cells
(B220), granulocytes (Grl), and Monos (CD11b) in the BM of recipient mice 4 months after
transplantation. Control (7= 16) and Baf155 KOV&" (n= 15).

(F) Percentage of donor-derived HSPC subpopulations in the BM of recipient mice 4 months
after transplantation. Control (7= 16) and Baf155 KOY4 (n = 15).

(G) Percentage of donor-derived HSPC subpopulations in the donor-derived KSL cells 4
months after transplantation. The representative FACS plots are shown on the left. The
percentage of HSPC subpopulations in the donor-derived KSL cells are shown on the right.
Control (7= 16) and Baf155 KOV&" (n = 15).

(H) Experimental design for the competitive repopulation assay with total BM cells from
either control or Barf155 KOMXI mice (prior to deletion of Baf155).

() Percentage of donor chimerism (CD45.2) and donor-derived T cells (CD4+8), B cells
(B220), granulocytes (Grl), and Monos (CD11b) in the PB of recipient mice at different
time point post poly(l:C) administration. Control (/7= 6) and Baf155 KOV*I (n=6).

(J) Percentage of donor chimerism (CD45.2) and donor-derived T cells (CD4+8), B cells
(B220), granulocytes (Grl1), and Monos (CD11b) in the BM of recipient mice at 16 weeks
post poly(1:C) administration. Control (7= 6) and Baf155 KOVXI (n = 6).

(K) Percentage of donor derived HSPC subpopulations in the BM of recipient mice at 16
weeks post poly(l:C) administration. Control (7=6) and Baf155 KOV*I (n=6).

(L) Percentage of donor-derived HSPC subpopulations in the donor-derived KSL cells at 16
weeks post poly(l:C) administration. Control (7= 6) and Baf155 KOV*1 (n = 6).

(M) Experimental design for the non-competitive repopulation assay with total BM cells
from either control or Baf155 KOVA" mice.

(N) Kaplan-Meier survival curves of recipient mice after non-competitive total BM
transplantation. Control (7= 19) and Barf155 KOV?” (n= 19). Mantel-Cox test, ****p <
0.0001.

(O) Percentage of donor chimerism (CD45.2) and donor-derived T cells (CD4+8), B cells
(B220), granulocytes (Grl), and Monos (CD11b) in the PB of recipient mice 30 days after
non-competitive total BM transplantation. Control (7= 19) and Baf155 KOV& (n= 14).

(P) CBC analysis of PB from recipient mice 30 days after non-competitive total BM
transplantation. Control (7= 19) and Barf155 KOV4 (n= 14).

Each symbol represents an individual mouse. For all graphs, data are presented as mean

+ SD. Unless otherwise indicated, the pvalues were determined by unpaired two-tailed
Student’s t test. *p < 0.05, **p < 0.005, ****p < 0.0001. The pvalues were unadjusted. See
also Figure S2.
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Figure 3. Baf155 deficiency impairs HSC regeneration upon 5-FU injury.
(A and B) Kaplan-Meier survival curves of control (7= 8) and Baf155 KOV&" (n= 8) mice

treated with one dose of 250 mg/kg 5-FU. Mantel-Cox test, *p = 0.0256.

(C) BM, HSC, MPP and KSL cell numbers from 150 mg/kg 5-FU-treated control (n=7)
and Baf155 KOY4 (n = 4) mice at day 10 as determined by flow cytometry.

(D) Cell cycle analysis of HSCs, MPPs, and KSL cells from 150 mg/kg 5-FU-treated control
(n=9) and Baf155 KOV&¥ (n = 5) mice at day 9 as determined by Ki67 and FxCycle
staining.
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(E) Percentage of bromodeoxyuridine (BrdU)* cells among HSCs, MPPs, and KSL cells
from 150 mg/kg 5-FU-treated control (7= 9) and Baf155 KOV&¥ (n=5) mice at day 9 as
determined by /n vivo BrdU assay.

(F) Scheme for control or Baf155 KOV* mice treated with 5-FU.

(G) BM cellularity and cell number of different hematopoietic progenitors from 150 mg/kg
5-FU-treated control (7= 10) and Baf155 KOV*L (n= 9) mice at day 10 as determined by
flow cytometry.

(H) Cell cycle analysis of KSL cells, MPPs, and HSCs from 150 mg/kg 5-FU-treated control
(n=9) and Baf155 KOV*I (n=9) mice at day 9 as determined by Ki67 and FxCycle
staining.

(1) Percentage of BrdU™ cells among KSL cells, MPPs, and HSCs from 150 mg/kg 5-FU-
treated control (7= 9) and Barf155 KOV*1 (n=9) mice at day 9 as determined by in vivo
BrdU assay.

(J) Kaplan-Meier survival curves of control (7= 16) and Baf155 KOV*L (n=13) mice
treated with two doses of 150 mg/kg 5-FU at 7-day intervals. Mantel-Cox test, ****p <
0.0001.

Each symbol represents an individual mouse. For all graphs, data are presented as mean

+ SD. Unless otherwise indicated, the pvalues were determined by unpaired two-tailed
Student’s t test. *p < 0.05, ***p < 0.001, ****p < 0.0001. The p values were unadjusted. See
also Figure S3.
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Figure 4. Baf155-deficient HSPCs show Mac-skewed myeloid differentiation.
(A-D) Control or Baf155 KOMXI mice were injected with cyclophosphamide (Cy), followed

by two consecutive daily injections of G-CSF. Mice were euthanized 1 day after the last
injection for analysis.

(A) Scheme for control or Baf155 KOV*I mice treated with Cy+2G-CSF.

(B) BM cellularity; the numbers of HSCs, MPPs, and KSL cells from Cy+2G-CSF-treated
control (n=7) and Baf155 KOV*I (n=5) mice.

Cell Rep. Author manuscript; available in PMC 2024 October 10.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wu et al.

Page 37

(C) The percentages of different cell lineages in the BM from Cy+2G-CSF-treated control (n
= 4-7) and Baf155 KOVXI (n = 4-5) mice.

(D) Cell cycle analysis of HSCs, MPPs, and KSL cells from Cy+2G-CSF-treated control (7
= 7) and Baf155 KOV*1 (n = 5) mice as determined by Ki67 and FxCycle staining.

(E and F) KSL cells (CD45.2) from control or Baf155 KOY4¥ mice (5,000 each)

were mixed with KSL cells (CD45.1) from WT mice (5,000 each) in the same well

of a 24-well plate with different combinations of cytokines: SCF+FLT3L+IL-3 (E) or
SCF+FLT3L+mTPO+IL-3+IL-6+IL-11+M-CSF+GM-CSF (F) and medium containing 10%
serum. Left: FACS plots depicting myeloid differentiation of KSL cells in vitro after 3.5
days of culture. Right: percentage of Mac1/Gr1* output from KSL cells of either control or
Bar155 KOV4 mice. Control (7= 7) and Baf155 KOY&¥ (n=T7) (E); control (7= 3) and
Baf155 KOV4 (n = 3).

(G-J) Cell numbers of ex vivo-cultured LT-HSCs (CD347FIk2™ KSL cells) (G), MPPs
(FIk2M CD34* KSL cells) (H), CMPs (CD34*CD16/32" LK cells) (1), and GMPs
(CD34*CD16/32* LK cells) (J) at different time points in liquid medium with a combination
of cytokines: SCF+FLT3L+mTPO+IL-3+IL-6+IL-11+M-CSF+GM-CSF. Control (7= 10)
and Baf155 KOV (n=10).

(K) Colonies per 500-cell input were counted 6 days after plating in M3434 methylcellulose.
Control (7= 10) and Bar155 KO?¥ (n= 10).

(L and M) Flow cytometry analysis of the frequency of CD11b*Gr1* cells (L) and
CD11b*F4/807 cells (M) after 7-day culture in liquid medium. Control (7= 10) and Baf155
KO (n=10).

(N and O) Flow cytometry analysis of the frequency of CD11b*Gr1™" cells (N) and
CD11b*F4/807 cells (O) after cells were replated in M3434 methylcellulose at day 6.
Control (7= 10) and Bar155 KO?¥ (n = 10).

(P and Q) Representative flow cytometry analysis (P) and quantification (Q) of cMoP,
proNeul, and proNeu? in control (7= 4) and Baf155 KOY4 (n= 4) mice. cMoP, common
Mono progenitor.

Each symbol represents an individual mouse. For all graphs, data are presented as mean

+ SD. Unless otherwise indicated, the pvalues were determined by unpaired two-tailed
Student’s t test. *p < 0.05, **p < 0.005, ***p < 0.001, ****p < 0.0001. The pvalues were
unadjusted. See also Figure S4.
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Figure 5. Hematopoietic Baf 155-deficient mice show more robust tumor progression.
(A) Schematic of the workflow for the PyMT-B6 tumor transplantation.

(B) PyMT-B6 tumor growth in control (7= 7) and Baf155 KOV&¥ (n= 7) mice.

(C) Different immune cell compartments in the tumors of control (7= 7) and Baf155 KOv&”
(n=T7) mice were analyzed by flow cytometry at the endpoints described in (B).

(D-F) Different lineage compartments in the PB (D), BM (E), and spleen (F) of PyMT-B6
tumor-bearing control (7= 7) and Baf155 KOV4" (n= T7) mice were analyzed by flow
cytometry at day 21.
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(G) Cell numbers of different hematopoietic progenitors in the BM of PyMT-B6 tumor-
bearing control (7= 7) and Baf155 KOY4 (n=7) mice at day 21.

Each symbol represents an individual mouse. For all graphs, data are presented as mean

+ SD. Unless otherwise indicated, the pvalues were determined by unpaired two-tailed
Student’s t test. *p < 0.05, **p < 0.005, ***p < 0.001, ****p < 0.0001. The pvalues were
unadjusted. See also Figure S5.
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Figure 6. Single-cell multiomics characterization of WT and Baf155 KO HSPCs during
regeneration.

(A) Schematic view of the experimental design.

(B) UMAP based on the RNA fraction of multiomics data, colored by sample.

(C) UMAP based on the RNA fraction of the multiomics data, colored by cell type.

(D) UMAP based on the RNA fraction of the multiomics data, colored by expression of the
marker genes of various hematopoietic lineages.

(E) UMAP based on the ATAC fraction of the multiomics data, colored by sample.
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(F) UMAP based on the ATAC fraction of the multiomics data, colored by clusters defined
in (C). Clusters with a small number of cells were removed.

(G) Smoothed chromVVAR (STAR Methods) results depicting the enrichment (high deviation
score) or depletion (low deviation score) of chromatin accessibility in peaks containing the
CEBP or GATAL motif on a single-cell basis.

(H) Enriched motifs in the marker peaks of 6 main clusters. Cells from all samples were
used for marker peak identification. Numbers within parentheses after each motif represent
the actual max(-log10(p-adj)) of that motif.

See also Figure S6 and Table S1.
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Figure 7. Baf155 regulates chromatin accessibility at hematopoietic lineage TF binding loci.
(A) Scatterplots of chromatin accessibility. Each dot represents a peak in the cluster-specific

peak x sample pseudobulk matrix (STAR Methods). DARs with false discovery rate

(FDR) < 0.05 and log2FoldChange > 1 were colored. The x and y axes represent the
log2-transformed mean of the 2 replicates for each genotype at day 9 post 5-FU treatment.
(B) Examples of enriched motifs in the down-DARs of the 3 clusters.

(C) Solid lines: percentage of non-promoter peaks called as down-DARs, with the statistical
significance cutoff of FDR < 0.05 across various log2FoldChange cutoffs as indicated by the
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x axis. Dotted lines: same as solid lines but calculating the percentage of promoter peaks
instead.

(D) Bulk ATAC-seq on GMP and KSL cells sorted from mice without 5-FU treatment were
used to approximate neutrophil progenitors and HSPC under homeostasis. For down-DARS
(KO < WT at day 9 post 5-FU), “same trend” indicates those that were also less accessible
in the KO compared to the WT under homeostasis, whereas “opposite trend” indicates those
that were more accessible in the KO compared to the WT under homeostasis. Trends for
up-DARs were determined similarly.

(E) Same as (A), with each dot representing a gene instead. Example genes are labeled.
Kitis significantly upregulated in KO HSPCs (FDR = 0.008) but did not pass the
log2FoldChange cutoff of 1 (log2FoldChange(Kit) = 0.6) and, therefore, is not within the list
of DEGs.

(F) Table summarizing (A) and (E).

(G) Red, percentage of down-DEGs (KO < WT, defined in E) with promoter peaks showing
a = 2-fold decrease in accessibility; blue, percentage of up-DEGs with promoter peaks
showing = 2-fold increase in accessibility; green, percentage of non-significant genes with
promoter peaks showing = 2-fold change in accessibility in the same direction.

(H) Examples of down-DEGs and their chromatin accessibility landscapes.

(1) Examples of up-DEGs and their chromatin accessibility landscapes.

See also Figure S7 and Tables S2-S6.
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REAGENT or RESOURCE

SOURCE

IDENTIFIER

Antibodies

BUV395 Rat Anti-Mouse CD45 (Clone 30-F11)

FITC anti-mouse CD45 (Clone 30-F11)

Brilliant Violet 605™ anti-mouse CD45 (Clone 30-F11)
PerCP-eFluor™ 710 anti-mouse CD172a (SIRP alpha) (Clone P84)
Alexa Fluor® 647 Rat Anti-Mouse Siglec-F (Clone E50-2440)
Brilliant Violet 711™ anti-mouse Ly-6G (Clone 1A8)

BUV805 Rat Anti-Mouse Ly-6G (Clone 1A8)

Brilliant Violet 785™ anti-mouse Ly-6C (Clone HK1.4)
Brilliant Violet 510™ anti-mouse Ly-6C (Clone HK1.4)
Brilliant Violet 605™ anti-mouse CD115 (CSF-1R) (Clone AFS98)
FITC anti-mouse CD4 (Clone GK1.5)

BUV496 Rat Anti-Mouse CD4 (Clone GK1.5)

PE/C7 anti-mouse/human CD45R/B220 (Clone RA3-6B2)
BUV395 Rat Anti-Mouse CD45R/B220 (Clone RA3-6B2)
PE/Cy7 anti-mouse/human CD45R/B220 (Clone RA3-6B2)
PerCP\Cy5.5 anti-mouse/human CD45R/B220- (Clone RA3-6B2)
Brilliant Violet 421™ anti-mouse F4/80 (Clone BM8)

PE anti-mouse F4/80 (Clone BM8)

PerCP/Cy5.5 anti-mouse F4/80 (Clone BM8)

PE Rat Anti-Mouse CD8a (Clone 53-6.7)

PE/Cy5 anti-mouse CD8a (Clone 53-6.7)

FITC anti-mouse CD8a (Clone 53-6.7)

Brilliant Violet 650™ anti-mouse CD25 (Clone PC61)

FITC anti-mouse CD3 (Clone 17A2)

APC/Cyanine7 anti-mouse CD3 (Clone 17A2)

PE/Cy7 anti-mouse CD3 (Clone 145-2C11)

Brilliant Violet 421™ anti-mouse FOXP3 (Clone MF-14)
BUV737 Rat Anti-CD11b (Clone M1/70)

PE Rat Anti-CD11b (Clone M1/70)

PE/Cy7 anti-mouse/human CD11b (Cone M1/70)

Brilliant Violet 650™ anti-mouse/human CD11b (Clone M1/70)
APC anti-mouse/human CD11b (Clone M1/70)

APC anti-mouse Ly-6G/Ly-6C (Gr-1) (Clone RB6-8C5)
PE/Cy7 anti-mouse Ly-6G/Ly-6C (Gr-1) (Clone RB6-8C5)
PE/Cy7 anti-mouse TER-119/Erythroid Cells (Clone TER-119)
PE anti-mouse TER-119/Erythroid Cells (Clone TER-119)

APC anti-CD71 (Transferrin Receptor) (Clone R17217 (RI7 217.1.4)

APC-eFluor™ 780 anti-CD117 (c-Kit) (Clone 2B8)

BD Biosciences
BioLegend
BioLegend
Thermo Fisher Scientific
BD Biosciences
BioLegend

BD Biosciences
BioLegend
BioLegend
BioLegend
BioLegend

BD Biosciences
BioLegend

BD Biosciences
BioLegend
BioLegend
BioLegend
BioLegend
BioLegend

BD Biosciences
BioLegend
BioLegend
BioLegend
BioLegend
BioLegend
BioLegend
BioLegend

BD Biosciences
BD Biosciences
BioLegend
BioLegend
BioLegend
BioLegend
BioLegend
BioLegend
BioLegend
Thermo Fisher Scientific

Thermo Fisher Scientific
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Cat#564279; RRID:AB_2651134
Cat# 103108; RRID:AB_312973
Cat#103155; RRID:AB_2650656
Cat#46-1721-80; RRID:AB_10805866
Cat#562680; RRID:AB_2687570
Cat#127643; RRID:AB_2565971
Cat#741994; RRID:AB_2871294
Cat#128041; RRID:AB_2565852
Cat#128033; RRID:AB_2562351
Cat#135517; RRID:AB_2562760
Cat#100405; RRID:AB_312690
Cat#612952; RRID:AB_2813886
Cat# 103222; RRID:AB_313005
Cat#563793; RRID:AB_2738427
Cat#103221; RRID:AB_313004
Cat#103235; RRID:AB_893356
Cat#123137; RRID:AB_2563102
Cat# 123110; RRID:AB_893486
Cat#123127; RRID:AB_893496
Cat#553033; RRID:AB_394571
Cat#100710; RRID:AB_312749
Cat#100706; RRID:AB_312745
Cat#102038; RRID:AB_2563060
Cat#100204; RRID:AB_312661
Cat#100221; RRID:AB_2057374
Cat# 100320; RRID:AB_312685
Cat#126419; RRID:AB_2565933
Cat#612800; RRID:AB_2870127
Cat#553311; RRID:AB_394775
Cat# 101216; RRID:AB_312799
Cat#101259; RRID:AB_2566568
Cat# 101212; RRID:AB_312795
Cat#108412; RRID:AB_313377
Cat# 108416; RRID:AB_313381
Cat# 116222; RRID:AB_2281408
Cat# 116208; RRID:AB_313709
Cat# 17-0711-82; RRID:AB_1834355
Cat# 47-1171-82; RRID:AB_1272177
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REAGENT or RESOURCE SOURCE IDENTIFIER

PerCP/Cy5.5 anti-mouse Ly-6A/E (Sca-1) (Clone D7) BioLegend Cat# 108124; RRID:AB_893615
APC anti-mouse CD135 (Clone A2F10) BioLegend Cat# 135310; RRID:AB_2107050
PE anti-mouse CD150 (SLAM) (Clone TC15-12F12.2) BioLegend Cat# 115904; RRID:AB_313683
Brilliant Violet 650™ anti-mouse CD150 (SLAM) (Clone BioLegend Cat# 115932; RRID:AB_2715765
TC15-12F12.2)

Brilliant Violet 785™ anti-mouse CD150 (SLAM) (Clone BioLegend Cat# 115937; RRID:AB_2565962
TC15-12F12.2)

APC anti-mouse CD48 (Clone HM48-1) BioLegend Cat# 103412; RRID:AB_571997

BV711 anti-Mouse CD48 (Clone HM48-1)

FITC anti-mouse CD34 Clone RAM34)

Brilliant Violet 421™ anti-mouse CD16/32 (Clone 93)
Brilliant Violet 711™ anti-mouse CD16/32 (Clone 93)
PE anti-mouse/rat CD81 (Clone Eat-2)

PerCP/Cy5.5 anti-mouse CD106 (Clone 429 (MVCAM.A)

APC anti-mouse CD106 (Clone 429 (MVCAM.A)
Biotin anti-mouse Ly-6G (Clone 1A8)

Biotin anti-mouse CD90.2 (Thy1.2) (Clone 53-2.1)
Biotin Rat Anti-Mouse CD45R/B220 (Clone RA3-6B2)
Biotin anti-mouse NK-1.1 (Clone PK136)

Biotin Anti-Mouse TER-119/Erythroid Cells (Clone TER-119)

Biotin anti-mouse Ly-6A/E (Sca-1) (Clone D7)
Pacific Blue™ anti-mouse CD45.2 (Clone 104)
PE/Cy7 anti-mouse CD45.1 (Clone A20)

FITC anti-mouse CD45.1 (Clone A20)
SMARCC1/BAF155 (D7F8S) Rabbit mAb antibody
BRG1 (D1Q7F) Rabbit mAb antibody
SMARCC2/BAF170 antibody
SMARCE1/BAF57 (E6H5J) Rabbit mAb
SMARCB1/BAFA47 (D9C2) Rabbit mAb
SMARCD1/BAF60A (E7W9W) Rabbit mAb
Lamin B1 (D9V6H) Rabbit mAb

Anti-rabbit 1gG, HRP-linked antibody

Normal Rabbit IgG

CEBPB Polyclonal antibody

GATA-1 Antibody (N6)

BD Biosciences

Thermo Fisher Scientific
BioLegend

BioLegend

BioLegend

BioLegend

BioLegend

BioLegend

BioLegend

BD Biosciences
BioLegend

BD Biosciences
BioLegend

BioLegend

BioLegend

BioLegend

Cell Signaling Technology
Cell Signaling Technology
Cell Signaling Technology
Cell Signaling Technology
Cell Signaling Technology
Cell Signaling Technology
Cell Signaling Technology
Cell Signaling Technology
Cell Signaling Technology
Proteintech

Santa Cruz Biotechnology

Cat# 740687; RRID:AB_2740373
Cat# 11-0341-82; RRID:AB_465021
Cat# 101332; RRID:AB_2650889
Cat# 101337; RRID:AB_2565637
Cat# 104905; RRID:AB_2076267
Cat# 105715; RRID:AB_1595594
Cat# 105717; RRID:AB_1877142
Cat# 127603; RRID:AB_1186105
Cat# 140313; RRID:AB_10640826
Cat# 553086; RRID:AB_394616
Cat# 108704; RRID:AB_313391
Cat# 553672; RRID:AB_394985
Cat# 108104; RRID:AB_313341
Cat# 109820; RRID:AB_492872
Cat# 110730; RRID:AB_1134168
Cat# 110706; RRID:AB_313495
Cat# 11956; RRID:AB_2797776
Cat# 49360; RRID:AB_2728743
Cat# 8829; RRID:AB_11141240
Cat# 33360; RRID:AB_2799034
Cat# 8745; RRID:AB_10950321
Cat# 35070; RRID:AB_3096176
Cat# 13435; RRID:AB_2737428
Cat# 7074; RRID:AB_2099233
Cat# 2729; RRID:AB_1031062
Cat# 23431-1-AP; RRID:AB_2879278
Cat# sc-265; RRID:AB_627663

Chemicals, peptides, and recombinant proteins

Proteinase K

Poly(I:C) (HMW) VacciGrade™
5-Fluorouracil
Cyclophosphamide monohydrate
G-CSF (Filgrastim)

Thermo Fisher Scientific
InvivoGen
Millipore-Sigma
Millipore-Sigma

Amgen
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Cat# EO0491
Cat# vac-pic
Cat# F6627
Cat# C0768
N/A
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REAGENT or RESOURCE SOURCE IDENTIFIER
DMEM Thermo Fisher Scientific Cat# 1196509
RMPI 1640 Gibco Cat# 11875-085
FBS Millipore-Sigma Cat# 12103C
0.25% trypsin-EDTA Gibco Cat#25200-056
L-Glutamine Gibco Cat#35050061
Penicillin-streptomycin Gibco Cat# 15140122

Sodium Pyruvate
2-Mercaptoethanol

Matrigel

ACK lysing buffer

BSA

Collagenase-II

Collagenase-I11
Deoxyribonuclease |

Dispase-11

BrdU

FxCycle™ Violet Stain
StemSpan™ SFEM Il
MethoCult3434

Recombinant Murine SCF
Recombinant Murine Flt3-Ligand
Interleukin-3 (IL-3) supernatant
Recombinant Murine TPO
Recombinant Murine IL-6
Recombinant Murine 1L-11
Recombinant Murine M-CSF
Recombinant Murine GM-CSF
Protease inhibitor cocktail

ECL chemiluminescence substrate
10% solution Nonidet P-40 substitute
Tween 20

Digitonin

Dimethyl Formamide

Tagment DNA Enzyme 1

2x NEBNext Master Mix
Ampure XP beads

4200 TapeStation High Sensitivity D1000 ScreenTape
4200 TapeStation High Sensitivity D1000 Reagents

Thermo Fisher Scientific
Millipore-Sigma
Corning

Gibco

Millipore-Sigma
Worthington
Worthington
Worthington
Millipore-Sigma
Millipore-Sigma
Thermo Fisher Scientific
Stem Cell Technologies
Stem Cell Technologies
PeproTech

PeproTech

This paper

PeproTech

PeproTech

PeproTech

PeproTech

PeproTech

Sigma

Thermo Fisher Scientific
Abcam
Millipore-Sigma
Promega
Millipore-Sigma
Illumina

New England Biolabs
Beckman Coulter
Agilent Technologies
Agilent Technologies

Cat# BW17-613E
Cat# M-6250
Cat# 354248
Cat# A10492-01
Cat# BSAV-RO
Cat#1.S004176
Cat#1.S004182
Cat#L.5002139
Cat# D6693
Cat# B5002
Cat# F10347
Cat# 09655
Cat# M3434
Cat# 250-03
Cat# 250-31L
N/A

Cat# 315-14
Cat# 216-16
Cat# 220-11
Cat# 315-02
Cat# 315-03
Cat#11836170001
Cat#32106

Cat# ab142227
Cat# 11332465001
Cat# G9441
Cat# D4551
Cat# 20034197
Cat# M0541
Cat# A63880
Cat# 5067-5584
Cat# 5067-5583

Critical commercial assays

Mouse Direct PCR Kit

Bimake
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REAGENT or RESOURCE

SOURCE

IDENTIFIER

LIVE/DEAD™ Fixable Blue Dead Cell Stain Kit

Tumor Dissociation Kit, mouse

BD Cytofix/Cytoperm™ Fixation/Permeabilization Kit

Intracellular Fixation & Permeabilization Buffer Set

Foxp3/Transcription Factor Staining Buffer Set
PE Mouse Anti- BrdU Set

FITC Mouse Anti-Ki-67 Set

PE Annexin V Apoptosis Detection Kit
Nuclear Extraction Kit

SimpleChIP® Plus Enzymatic Chromatin IP Kit
DNA Clean and Concentrator-5 Kit

Qubit dsDNA HS Assay Kit

Deposited data

All sequencing data generated in this study

Thermo Fisher Scientific
Miltenyi Biotec

BD Biosciences

Thermo Fisher Scientific
Thermo Fisher Scientific
BD Biosciences

BD Biosciences

BD Biosciences

Abcam

Cell Signaling Technology
Zymo Research

Thermo Fisher Scientific

This study

Cat# L34961
Cat# 130-096-730
Cat# 554714
Cat# 88-8824-00
Cat# 00-5523-00
Cat# 556029
Cat# 556026
Cat# 559763
Cat# ab113474
Cat#9005

Cat# D4014
Cat# Q32851

GEO: GSE240585

Experimental models: Cell lines

PyMT-B6 (Barisas DAG et al.)%3 N/A

1956 sarcoma cells (Kabir AU et al.)5 N/A

Experimental models: Organisms/strains

Bar155" (Choi J et al.)?® N/A

Vav-Cre Jackson Laboratories RRID: IMSR_JAX:008610
Mx1-Cre Jackson Laboratories RRID: IMSR_JAX:003556
CD45.1 Jackson Laboratories RRID: IMSR_JAX:002014
CD45.2 Jackson Laboratories RRID: IMSR_JAX:000664

C57B16/J Wild Type

Jackson Laboratories

RRID: IMSR_JAX:000664

Oligonucleotides

ChIP-gPCR primers: see Table S6

This paper

N/A

Software and algorithms

FlowJo software version 10.10.0

Graphpad Prism version 10.2.3 (347)

R(v3.6.1)

Seurat (v3.2.3)
ArchR (v1.0.1)
Cellranger-arc (v2.0)

AIAP (v1.1)

deepTools (v3.5.0)

TreeStar Inc.

Graphpad Software, LLC.

R Foundation
(Hao Y et al.)5®
(Granja JM et al.)®

10x genomics
(Liu S et al.)®”

(Ramirez F et al.)%8
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https://www.flowjo.com

https://www.graphpad.com/scientific-
software/prism/

https://www.r-project.org/
https://satijalab.org/seurat/
https://www.archrproject.com/

https://www.10xgenomics.com/
support/software/cell-ranger-arc/latest

https://github.com/Zhang-lab/ATAC-
seq_QC_analysis

https://github.com/deeptools/
deepTools
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https://www.10xgenomics.com/support/software/cell-ranger-arc/latest
https://www.10xgenomics.com/support/software/cell-ranger-arc/latest
https://github.com/Zhang-lab/ATAC-seq_QC_analysis
https://github.com/Zhang-lab/ATAC-seq_QC_analysis
https://github.com/deeptools/deepTools
https://github.com/deeptools/deepTools
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REAGENT or RESOURCE SOURCE IDENTIFIER
DESeq2 (v1.26.0) (Love Ml et al.)®® https://bioconductor.org/packages/
release/bioc/html/DESeq2.html
WashU Epigenome Browser (v54.0.6) (LiDetal)™ https://epigenomegateway.wustl.edu/
browser/
Code used for sequencing data analyses This study https://doi.org/10.5281/

zeno0do.11992331
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