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SUMMARY

Atherosclerosis, a leading health concern, stems from the dynamic involvement of immune

cells in vascular plaques. Despite its significance, the interplay between chromatin remodeling
and transcriptional regulation in plaque macrophages is understudied. We discovered the

reduced expression of Baf60a, a component of the switch/sucrose non-fermentable (SWI/SNF)
chromatin remodeling complex, in macrophages from advanced plaques. Myeloid-specific Baf60a
deletion compromised mitochondrial integrity and heightened adhesion, apoptosis, and plaque
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development. BAF60a preserves mitochondrial energy homeostasis under pro-atherogenic stimuli
by retaining nuclear respiratory factor 1 (NRF1) accessibility at critical genes. Overexpression of
BAF60a rescued mitochondrial dysfunction in an NRF1-dependent manner. This study illuminates
the BAF60a-NRF1 axis as a mitochondrial function modulator in atherosclerosis, proposing the
rejuvenation of perturbed chromatin remodeling machinery as a potential therapeutic target.

In brief

Yang et al. uncover the critical role of BAF60a, a subunit of the SWI/SNF chromatin remodeling
complex, in maintaining macrophage mitochondrial homeostasis during atherogenesis. Their
findings reveal a dysregulated chromatin remodeling-metabolic crosstalk and propose a potential
approach for treating atherosclerosis by restoring impaired BAF60a-NRF1 communication.
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INTRODUCTION

Atherosclerosis is a complex pathological process characterized by the accumulation

of plaques within arterial walls, resulting in inflammation, calcification, and potential
plaque rupture. As the underpinning pathology of many cardiovascular diseases (CVDs),
atherosclerosis is a primary health concern worldwide. Serious clinical manifestations of
this pathology include myocardial infarction and stroke.1-2 Despite advances in therapeutic
strategies, notably low-density lipoprotein (LDL)-lowering agents such as statins and
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PCSK9 inhibitors, residual cardiovascular risk remains a significant challenge.34 Further,
the utility of anti-inflammatory therapies in atherosclerosis has been predominantly confined
to individuals with elevated systemic inflammatory markers, underscoring the need for
alternative therapeutic avenues.>6

Epigenetics, which encompasses changes in gene expression without underlying DNA
sequence alterations, plays roles in various diseases, including CVDs. While genetic studies
have unveiled variants associated with CVD risk, emerging evidence implicates epigenetic
modifications—such as DNA methylation, histone modification, and ATP-dependent
chromatin remodeling—as critical regulators of atherosclerosis.”~4 These epigenetic shifts
are often modulated by the disease microenvironment, impacting diverse cells, notably
immune cells residing within the atherosclerotic plaques.

Among the implicated immune cells, macrophages are of paramount importance. These cells
are not merely bystanders in atherosclerosis; they actively participate in all facets of plaque
development, from initiation to progression and regression.1-2! Their multifaceted roles
encompass lipid uptake, secretion of inflammatory mediators, and modulation of the local
cellular environment within plagues.2?

Interestingly, macrophage functionality and phenotype are closely tied to metabolic
and epigenetic modifications.23:24 Environmental cues can elicit distinct metabolic
and epigenetic reprogramming within macrophages, emphasizing the importance of
understanding the interplay between these processes in atherosclerosis.24-29

The mammalian switch/sucrose non-fermentable (SWI/SNF) chromatin remodeling complex
plays a pivotal role in modifying the chromatin landscape and thereby regulating gene
expression.30-32 Of note, we and others have reported that the three mutually exclusive

and often adaptive BAF60a, BAF60b, and BAF60c subunits bridge the interaction between
tissue-specific transcription factors (TFs)/co-factors and the SWI/SNF core complex to
regulate gene-expression changes in response to various complications.10:11.32-36 Qur focus
on BAF60a, in particular, stems from its emerging significance in various disease contexts
and preliminary findings hinting at its pivotal role in macrophage functions. To date, the
interaction of macrophage BAF60a with specific TFs within the atherosclerotic milieu has
remained largely uncharted.

In the present study, we aimed to elucidate this intricate interaction. We delineate the
consequences of Baf60a deficiency in macrophages, particularly its impact on mitochondrial
function and atherosclerotic plaque development. By shedding light on the epigenetic-
metabolic crosstalk in macrophages within the atherosclerotic environment, our findings
unveil potential innovative avenues for therapeutic intervention.
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RESULTS

Downregulation of Baf60a in advanced atherosclerotic plaque macrophages exacerbates
atherosclerosis in ApoE~~ hypercholesterolemic mice

To explore the potential shifts in Baf60a expression in plaque macrophages, aortic cells
from ApoE'~ mice fed a Western diet (WD, Figure 1A) were isolated using fluorescence-
activated cell sorting (FACS). We identified a significant reduction in Baf60a expression
in CD45/Galectin-3 (Mac2) double-positive macrophages at 16 weeks relative to 8 weeks
(p = 0.0005). The decrease was exclusive to Baf60a, as Baf60b and Baf60c levels
remained stable. Also importantly, this reduction was specific to macrophages in advanced
atherosclerosis, as Baf60a expression in mixed aortic cells and pan-leukocyte populations
remained unchanged (Figure 1B).

To emulate this downregulation and study its impact on atherosclerosis, we developed
Baf604™KO/ ApoE~ mice and used Baf604"T1 ApoE~'~ mice as littermate controls. Upon
confirming the Baf60a deletion in bone marrow-derived macrophages (BMDMs), we
detected no changes in other SWI/SNF complex components (Figures 1C, 1D, and

S1A). After 16 weeks on WD, we observed a 34% increase in atherosclerotic lesions in
Baf604"O] ApoE~~ mice (p = 0.0097, Figures 1E and 1G). The staining of the aortic root
region using hematoxylin and eosin (H&E), oil red O (ORO), and Picrosirius red (PSR)
revealed upregulation in lesion (p = 0.0131), necrotic core (p = 0.088, Figure 1H), lipid
deposit (p = 0.0453, Figure 11), and fibrosis (p = 0.0108, Figure 1J) in Baf604"0/ ApoE'~
mice.

Interestingly, while plasma triglycerides increased in Baf604™"<°/ ApoE"~ mice (Figure
S1F), no significant differences were noted in cholesterol content across various
lipoproteins, body weight, fasting glucose levels, inflammatory cytokines, or blood cell
components (Figures S1B-S1D, S1G, S1H, and S1K). In accordance with no difference

in systemic inflammatory cytokines, most inflammatory genes, apart from Cc/2, were
unaltered in BMDM s isolated from Baf604™KC and 16-week WD-fed Baf60a"<C/ ApoE'~
mice compared to controls (Figures S11I and S1J). The lack of effect on inflammation
compared to the previous report by Kong et al.36 partially suggested the inducible nature of
epigenetic architecture, which required specific stimuli and microenvironment to generate
context-specific responses.

In exploring the link between Baf60a deficiency in myeloid cells and lipid metabolism, we
examined the liver and epididymal white adipose tissue (eWAT). No statistically significant
alterations were observed in adipocyte hypertrophy, inflammation, or lipid levels in the liver
(Figures S2A-S2G). Moreover, inflammatory gene expression and apolipoprotein B levels in
the liver were consistent between both groups (Figures S2H and S21).

Notably, the findings in male mice were repeated in female Baf604™<%/ApoE~'~ mice,
revealing increased atherosclerotic lesions without changes in plasma cholesterol or
triglycerides (Figures S2J-S2M). This emphasizes the significance of factors other than
systemic lipid levels in atherosclerosis exacerbated by Baf60a deficiency in macrophages.

Cell Rep. Author manuscript; available in PMC 2024 February 05.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Zhao et al.

Page 5

These findings suggest that BAF60a is downregulated in advanced atherosclerotic

plagque macrophages, and its deficiency exacerbates atherosclerosis in Apo£’~
hypercholesterolemia mice. Moreover, the effect of myeloid BAF60a is mainly vascularly
localized and manifests in both male and female sexes.

Myeloid Baf60a deletion augments immune cell vascular recruitment

Enhanced inflammation in plaques is a defining trait of atherosclerosis.3” We observed an
upregulation in Mac2-positive macrophage cells in the aortic root of Baf604"<O/ ApoE"~
mice compared to the Baf604"" 1 ApoE"~ group by immunofluorescence (p = 0.012, Figures
2A and 2B).

Probing further, we assessed whether BAF60a influences cellular differentiation and
maturation. Bone marrow cells from both Baf604"" and Baf604™<C mice were analyzed
over time using FACS. There was no significant change in the expression of CD45, CD11b,
or F4/80 markers at days 0, 5, and 7 post isolation (Figures 2C and S3A). Additionally, a
5-ethynyl-2”-deoxyuridine (EdU) assay performed on Baf60a-knockdown RAW?264.7 cells
displayed no shift in DNA synthesis rates (Figure S3B).

Given the notable contribution of circulating monocytes to plague macrophages,38 we
examined the influence of BAF60a on monocyte adhesion. RNA sequencing (RNA-seq) and
gene set enrichment analysis (GSEA) of BMDMSs unveiled significant enrichment of high-
rank genes related to adhesion upon Baf60a deletion (normalized enrichment score [NES] =
2.025, false discovery rate [FDR] = 0.012, Figures 2D and 2E; Table S2). Furthermore,
Baf60a deficiency induced upregulation in adhesion-related gene expression, including
Integrin subunit alpha-4 (Itgad), Integrin beta-1 (/tgbl), ST3 beta-galactoside alpha-2,3-
sialyltransferase 3 (St3gal3), and Golgi apparatus protein 1 (Glgl), which also recapitulated
in primary peripheral blood mononuclear cells (PBMCs) (Figures 2F and S3D), THP-1
monocytes (Figure 2G), and day-5 BMDMs (Figure S3E). Moreover, intravital microscopy
revealed enhanced leukocyte-endothelium interactions in the Baf604"<O/ ApoE~'~ mice post
lipopolysaccharide (LPS) injection (Figure S3C).3% Adhesion assay using THP-1 cells

and tumor necrosis factor a. (TNF-a)-treated human aortic endothelial cells (HAECS)
further showcased heightened monocyte retention with BAF60a suppression under activated
conditions, but not at baseline (Figures 2H and S3F).

In conclusion, our results underscore the role of BAF60a in modulating cell adhesion,
suggesting that its absence intensifies immune cell vascular recruitment.

Baf60a-deficient macrophages exhibit diminished mitochondrial content under pro-
atherogenic stress

Mitochondria, essential for oxidative phosphorylation (OXPHOS), are central to
macrophage functions, and their dysfunction can exacerbate atherosclerotic plaque
formation.40-45 RNA-seq analyses of BMDMs from mice on a 16-week WD highlighted

a pronounced OXPHOS-related gene enrichment in Baf604" 1 ApoE~'~ compared to
Baf604™KO ApoE~ mice (NES = 1.627, FDR = 0.004, Figures 3A and 3B; Table S3).
This trend manifested as a marked drop in the oxygen consumption rate (OCR) in oxidized
LDL (oxLDL)-treated Baf604"<C BMDM:s and in macrophages from Baf604"<C/ ApoE'~
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aortas sorted using F4/80 magnetic activated cell sorting (MACS), relative to their respective
controls (Figures 3C and 3D).

Mitochondrial DNA (mtDNA) to nuclear DNA (nDNA\) ratio, a parameter for examining
mitochondrial copy number, revealed diminished mtDNA in oxLDL-exposed Baf60a
deficient day-5 and day-7 BMDMs (Figure 3E) and in F4/80* aortic macrophages from
atherosclerotic mice, while the non-macrophage counter-part remained unaffected (Figure
3E).

While basal mitochondrial-function-related protein levels—including mitochondrial
transcription factor A (mtTFA), cytochrome ¢ oxidase (COX 1V), pyruvate dehydrogenase
complex (PDH), and nuclear respiratory factor 1 (NRF1)—remained stable post Baf60a
deletion (Figure S4A), an oxXLDL challenge precipitated a decrease in the protein levels of
mtTFA, COX IV, and PDH in Baf60a-deficient BMDMs (Figure 3F). This underscores the
pivotal role of the atherosclerotic environment in potentiating mitochondrial anomalies upon
Baf60aloss.

Atherosclerotic signals exacerbate mitochondrial dysfunction, reactive oxygen species
production, and apoptosis in Baf60a-deficient macrophages

Oxidatively modified lipoproteins such as oxLDL are integral to the intricate
microenvironment in plaque.*6 While Baf60a deficiency diminishes mitochondrial proteins
during oxLDL exposure, it remains unaffected at basal levels. We hypothesize that oxLDL-
induced stress precipitates BAF60a-related mitochondrial dysfunction in BMDMs.

Transmission electron microscopy (TEM) imaging of Baf60a-deficient BMDMs treated with
oxLDL (100 pg/mL, 48 h) showed a decline in mitochondrial count (p = 0.0307) and a
surge in autophagosomes encapsulating deteriorating mitochondria (p < 0.0001, Figure 4A)
compared to the control. The depolarized mitochondrial membrane potential and enhanced
proton leak, indicative of mitochondrial dysfunction, elevate reactive oxygen species (ROS)
associated with mitochondria, exemplified by increased MitoSOX accumulation, which was
heightened in Baf60a-deficient BMDMs under oxLDL exposure (50 ug/mL, 48 h, Figures
4B and 4D) and was independent of lipid-uptake alterations (Figures 4C and S4B-S4D).

Persistently impaired mitochondria can instigate autophagy and, eventually, apoptosis.
Recognized for inciting macrophage damage during atherosclerosis, the primary oxysterol
constituent of oxLDL, 7-keto cholesterol (7-KC),4748 was investigated. After a 24-h
exposure to 10 pg/mL 7-KC, Baf604"KO BMDMs displayed elevated damage-associated
lactate dehydrogenase (LDH) release (Figure 4E) and a rise in annexin V-positive/propidium
iodide (PI)-negative apoptotic cells (Figure 4F) when compared to controls.

In vivo analyses substantiated these observations. Mac2 and TUNEL co-staining pinpointed
an amplified apoptosis signal overlaying the plaque macrophage region upon Baf60a
deficiency (Figure 4G). Likewise, MACS-sorted F4/80* aortic macrophages from the
Baf604"O] ApoE '~ atherosclerotic mouse model also showed an increase of MitoSOX,
annexin V, and PI signals compared to Baf604" | ApoE~'~ macrophages, and a decrease of
mitochondria membrane potential sensitive tetramethylrhodamine (TMRM) signal compared
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to the aortic macrophages from control mice (Figure S4D). Moreover, adenovirus-induced
BAF60a overexpression alleviated atherosclerotic-triggered mitochondrial ROS (Figure
SAE), LDH release (Figure S4F), and cellular apoptosis (Figure S4G).

Correlation of BAF60a expression and mitochondrial gene expression in plague
macrophages from human subjects

As a chronic inflammatory and progressive disease, the intrinsic plasticity and
heterogeneity of the plague environment confer drastic plasticity to the plague macrophage
populations.3738 Historically, membrane protein expression-based analyses have delineated
a minimum of eight atherosclerosis-associated macrophage subtypes with diverse functional
roles, including inflammation propagation, phagocytosis, lipid metabolism, and plaque
repair.37:49-56 More recent techniques utilizing single-cell transcriptomics, CyTOF
(cytometry by time of flight), and CITE-seq (cellular indexing of transcriptomes and
epitopes by sequencing) divide plaque macrophages into four major clusters: inflammatory,
resident-like, interferon (IFN)-induced, and triggering receptor expressed on myeloid cells 2
(TREM2) foamy macrophages.38-57-62

Having observed exacerbated atherosclerosis and mitochondrial dysfunction under pro-
atherogenic conditions in Baf604™C mice, we hypothesized a similar regulatory
mechanism potentially underlying plaque formation and macrophage plasticity in humans.
Pursuing this hypothesis, we reevaluated published single-cell RNA-seq (SCRNA-seq) data
(GEO: GSE159677),53 comprising 51,721 cells from three atherosclerotic plaque samples
and their matched controls. A rigorous quality control and normalization process ensued,
followed by an unsupervised shared nearest neighbor-based clustering to categorize cell
types.54 This analysis, when focused on macrophages, uncovered 14 distinct clusters with
four identified macrophage subtypes, labeled M¢1 through Me4 (Figures 5A, 5B,and
S5A). Although BAF60c expression was predominant in smooth muscle cells, BAF60a
and BAF60b expressions spanned across various cell types. Notably, within the macrophage
subsets, the Mg4 cluster predominantly showed elevated BAF60a expression, while M3
was presented with relatively lower levels (Figures 5A and S5B).

Pathway enrichment analysis of macrophage subpopulations using gene ontology (GO)
and the Kyoto Encyclopedia of Genes and Genomes (KEGG) further illuminated the
functional implications of these differences. Mg4 macrophages, which expressed BAF60a
at high levels, exhibited a surge in chromatin-remodeling-related genes, hinting at
potential BAF60a-driven chromatin activities (Figures 5C and S5D). Conversely, the M¢3
subset, characterized by lower BAF60a levels, displayed upregulated genes governing cell
communication and adhesion (Figures 5C and S5D)—an observation aligning with the
heightened immune cell recruitment and monocyte adhesion in Baf60a-deficient mice.

Drawing parallels between human and murine macrophage populations, we discerned
the human Mgl cluster to exhibit attributes resonating with inflammatory, IFN-induced,
and resident-like macrophage signatures from mice (Figure S5E). The M¢2 subset
closely mirrored the TREM2-high foamy cell profile. Intriguingly, M¢3 and Me4,
constituting approximately a quarter of the macrophage population, demonstrated
distinctive transcriptional attributes from the primary macrophage clusters found in
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plaques, particularly marked by differential expression of genes governing mitochondrial
functionality and OXPHOS (Figure 5D).

Broadening our analytical scope to address potential variabilities arising from limited
sample sizes, we employed deconvolution on 126 bulk human plaque microarray samples
sourced from the Biobank of Karolinska Endarterectomy using single-cell gene expression
as the reference matrix (Figure S5F).5% The analysis depicted a robust positive association
between BAF60a expression and Me4 prevalence (B = —0.455, p = 0.042) and an inverse
relationship with M¢3 abundance (B = 0.461, p = 0.002, Figure 5E). Collectively, our
findings fortify the role of BAF60a as a potential pivotal regulator in orchestrating plaque
macrophage mitochondrial dynamics, immune response modulation, phenotype switching,
and the overarching progression of atherosclerosis.

Baf60a deficiency alters NRF1 transcriptional dynamics in response to atherosclerotic
stress and attenuates NRF1-regulated gene activity

BAF60a is recognized for its pivotal role in modulating gene expression by orchestrating

its interactions with TFs and influencing the specific recruitment of the SWI/SNF complex
to select genomic locales.3* To demystify the underlying molecular processes responsible
for the mitochondrial dysfunction linked to Baf60a deficiency, we performed an assay

for transposase-accessible chromatin sequencing (ATAC-seq). This was performed on cells
derived from oxLDL-exposed (50 pg/mL for 48 h) BMDMs from Baf604™<C/ ApoE~!~ and
Baf604""1 ApoE"~ mice. Our results showcased that Baf60a deficiency does not alter overall
chromatin accessibility (Figure S6A), yet it does reduce the number of discerned peaks
within the 3-kb promoter region (Figure 6A).

Exploration of the transcriptional footprint revealed changes to various TF activities in
response to atherogenic conditions and Baf60a absence (Figure 6B). Intriguingly, the
footprint of NRF1—a TF governing mitochondrial biogenesis—was heightened under
oxLDL exposure (Figure S6C) but substantially repressed upon Baf60a removal (Figures 6C
and S6B-S6D). Concurrently, Baf60a depletion in oxLDL-challenged BMDMSs (50 pg/mL
for 48 h) did not modify the transcriptional dynamics of well-known BAF60a-interacting

or regulatory TFs, such as ATF3, and PGCla-regulated ESRRA or PPARG (Figure
S6D),10:33.36,66 emphasizing the context-dependent behavior of BAF60a. Additionally,
HOMER motif enrichment analysis distinctly highlighted an under-representation of NRF1
in Baf604™<O macrophages compared to the control (Figure 6D).

Using a genome browser, we juxtaposed signals from ATAC-seq with data from previously
reported Nrfl chromatin immunoprecipitation sequencing (ChlP-seq) (GEO: GSE208936)
and Brgl, H3K27ac, and H3K4mel CUT&RUN sequencing (CUT& RUN-seq) (GEO:
GSE192777) on the promoter region of NRF1 target genes. Specifically examining 7/b1m,
we noticed congruence between ATAC-seq chromatin-accessible regions and NRF1 TF
binding sites, which receded in the context of Baf60a deficiency. This points toward the
synergistic involvement of BRG1 and histone modification in the TF binding processes
(Figure 6E). Subsequent ChIP assays corroborated the reduced affinity of both NRF1 and
BRGL to anticipated promoter regions in 7/b1m, specifically within the chrl7:3,557,648—
3,557,842, mm10 segment (Figure 6F). Furthermore, we identified that the absence of
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Baf60a precipitated the downregulation of NRF1-influenced gene transcription pertaining
to mitochondrial dynamics. This encompasses primary NRF1 targets as well as secondary
downstream targets in the pathway, notably Mitochondrial transcription factor-A ( Tfam),
-BI1(Tfbim), and - B2 (Tfb2m), Heat shock protein family D member 1 (HspdZ), and
Pyruvate dehydrogenase E1 subunit alpha 1 (Pdhal). However, Nrfl expression remained
unaffected (Figure 6G). Collectively, these findings underscore the instrumental role of
BAF60a in safeguarding mitochondrial functionality through its interaction with NRF1,
thereby facilitating chromatin accessibility at critical mitochondrial-associated genes.

BAF60a interacts with NRF1, and its overexpression relies on NRF1 to rectify
mitochondrial impairment

We noted a direct physical bond between BAF60a and NRF1, underscoring their intertwined
functionality (Figures 7A and S7A). Additionally, this interaction appears direct, without the
mediation of the transcription co-factor Pgcla (Figure S7B).

Seeking insights into whether repairing the compromised epigenetic-metabolic crosstalk
can rectify macrophage anomalies, we probed: (1) the extent to which Baf60a ablation
suppresses NRF1-driven mitochondrial biogenesis; and (2) the underlying mechanism by
which BAF60a affords protection to macrophages under atherosclerotic conditions.

For this purpose, RAW264.7 cells were subjected to transfection with siNT/siBaf60a and
pcDNA/NRF1 through nucleofection, followed by exposure to control or oxLDL conditions
(50 pg/mL for 24 h, Figure 7B). Our observations revealed that the upregulation of NRF1 (p
= 0.0001) considerably mitigated the dip in mitochondrial-associated proteins, notably COX
IV (p = 0.0008) and mtTFA (p = 0.0205, Figure 7C), in Baf60a-deficient macrophages upon
oxLDL stimulation. Furthermore, the protective role offered by BAF60a against the decline
of mitochondrial-centric genes in oxLDL-exposed Baf604™"<O BMDMs was reduced upon
downregulating the key macrophage SWI/SNF ATPase unit, BRG1. This protective effect
was entirely neutralized with NRFI depletion (Figure 7D). Notably, we also detected an
increased defense against mtDNA decrease either by re-establishing Baf60a expression (p <
0.0001, Figure 7E) or by amplifying NRFI levels (F(2,27) = 31.1, p = 0.0072, Figure 7E).

DISCUSSION

Our study revealed the critical role of BAF60a-mediated chromatin remodeling in

protecting macrophages under atherogenic stress. Specifically, we have found that the
interaction between BAF60a and NRF1 is crucial for maintaining a physiological level

of mitochondrial function in macrophages. However, this interaction is likely disrupted in
plaque macrophages when the NRF1-dependent adaptive response machinery is activated,
but BAF60a-dependent chromatin accessibility is reduced due to exacerbated atherosclerotic
stress and its associated factors, causing a reduction in BAF60a. The dysregulation disrupts
mitochondrial biogenesis, leading to increased ROS leakage, macrophage apoptosis, and
further plaque progression (Figure 7E).

Epigenetic modifications and chromatin remodeling have been linked to various
physiological and disease-associated conditions that regulate differential gene expression in
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response to disease progression.8” Understanding the coordination of environmental factors
that alter chromatin structure and gene expression in the context of vascular diseases and
their crosstalk with cells in the vasculature is crucial for identifying therapeutic targets for
CVDs. This is especially relevant in atherosclerosis, considering the high residual risks for
current therapy that mainly focuses on classical lipid profile, inflammation, and lifestyle
management. To date, four major ATP-dependent chromatin remodeler families have spiked
the highest study interest, SWI/SNF, ISWI, CHD, and INO80, with SWI/SNF being the
largest, most multifunctional, and evolutionarily conserved complex.58

The SWI/SNF chromatin remodeling complex represents a class of multiunit complexes
connecting to various genomic positions, including distal enhancers, promoters, and CTCF
binding sites, where they facilitate and maintain DNA accessibility to control gene
transcription and are often associated with transcriptional activation.89 Changes in SWI/SNF
ATPase subunits BRG1 and BRM have been linked to the primary and secondary responses
to stress in BMDM s through alterations of chromatin accessibility.”%."1 BAF60s are unique
among all the SWI/SNF subunits, since they operate as a bridge connecting the SWI/SNF
complex and specific TFs.”2 The differential controls exerted by BAF60s in the context of
metabolic and inflammatory diseases have been demonstrated in previous studies, including
ours.10.11,33-36.73 | the present work, we solved the puzzle of how BAF60a controls
macrophage metabolic homeostasis in atherosclerosis. We showed that the expression of
Baf60a is downregulated in macrophages during advanced atherogenesis and confirmed
that myeloid Baf60a deletion exacerbates atherosclerosis plaque formation in mice at least
partially through induction of mitochondrial dysfunction.

The mitochondrion is the primary powerhouse of most cells, including macrophages.*! Fatty
acids, amino acid metabolites, and pyruvate derived from glycolysis enter the tricarboxylic
acid cycle in the mitochondrial matrix, which carries protons to the electron transport
chain, producing chemical gradients at the intermembrane spaces that generate ATP in a
process known as OXPHOS. Changes in the microenvironment that shift the mitochondria
energy balance between OXPHOS and glycolysis have been closely linked to different
macrophage subtypes and functions in inflammatory and metabolic diseases such as
atherosclerosis.*2-44.74-77 Conversely, changes in macrophage metabolism and epigenetic
modifications have been proposed to alter macrophage phenotype and are potentially
associated with disease conditions. Recent research has uncovered that atherosclerotic
plaque has a complicated metabolic milieu, and it has been reported that cells within

the unstable plaque have a higher glycolysis rate, increased amino acid utilization, and
suppressed fatty acid oxidation compared to stable plaques.’® In alignment with the
previous observation between BAF60a and macrophages portraying high expression of
mitochondrial-related genes, we report robust mitochondrial dysfunction upon Baf60a
deletion through a series of /n vitro and /n vivo functional and structural assays. Moreover,
we identified that mitochondrial dysfunction occurs when the cell senses the atherosclerotic
environmental cues and further induces cell toxicity and apoptosis which, as a result, is
known to promote advanced plaque necrosis directly.”9.80

As a chronic inflammatory and progressive disease, the complex microenvironment of the
atherosclerotic plaque assigns drastic plasticity to the plaque immune cell populations,
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especially macrophages.38 Despite the initial observation that a binary categorical
classification of LPS/INF-y-induced pro-inflammatory M1 macrophages and interleukin-4
(IL-4)/1L-13-induced anti-inflammatory M2 macrophages exist and seemingly align well
with the responses to T helper 1 (Th1) and Th2,81 continuous evidence has proved

that there is often a lack of clearly defined corresponding subsets /n vivo. Furthermore,

the binary classification overlooks the complexity of pathological situations.3”:82 There
have been macrophage subtype disparities overwhelmingly reported in atherosclerosis and
CVDs, as recently reviewed.38 However, the major determinants for their polarization/
differentiation and how these diverse subpopulations contribute to atherosclerosis are poorly
understood. By reanalyzing publicly available human plagque scRNA-seq data and applying
it to deconvolute cell composition in the human plaque microarray results, we report a
positive association between BAF60a and the M4 population, which showed a high level
of expression of mitochondrial-related genes and a negative association between BAF60a
and the M¢3 population, which is enriched in genes related to cell-cell communication and
adhesion. Our results suggest the potential involvement of BAF60a in plaque macrophage
diversity and establish its predictive roles in regulating mitochondrial function and immune
cell adhesion in both human and mouse atherosclerosis.

Morphological and functional alterations in mitochondria are precisely controlled by a
group of TFs, including NRF1, the master regulator of mitochondrial biogenesis.83 In
smooth muscle cells NRF1 participates in the synthesis of miR-378a, and its deficiency
induces smooth muscle synthetic phenotype contributing to atherosclerosis.84 In patients,
the expression of MRF1 and its downstream target 7FAM were decreased in carotid
atherosclerotic plagues.8> Additionally, specific NRFI polymorphisms (rs12706898T and
rs1882094T allele) were associated with an increased risk of ischemic stroke, a major
event of ruptured atherosclerosis.86 However, the function of NRF1 in plague immune
cells and their contribution to atherosclerosis remain elusive. The present work points to
the contribution of macrophage NRF1 in atherosclerosis. We found that mechanistically,
Baf60a deficiency reduces the NRF1 binding to essential mitochondrial-related genes under
atherosclerotic stress. This regulation is likely through a physical interaction between
BAF60a and NRF1, as evidenced by the co-IP assay between NRF1 and intact/truncated
BAF60a. As a result, we confirmed that restoring the disrupted epigenetic-metabolic
crosstalk through BAF60a overexpression rescues macrophage mitochondria loss in an
NRF1-dependent manner, while overexpression of AirfZ also functionally compensates for
the mitochondrial dysfunction caused by the loss of Baf60a.

Interestingly, it is increasingly apparent that the role of SWI/SNF complex and BAF60a in
various disease conditions is highly context dependent. For example, recent research showed
that Baf60a decreased in the white adipose tissue macrophage (ATM) of diabetic mice.38

Its deficiency induced the pro-inflammatory activation of ATM due to disrupted interaction
between BAF60a and ATF3 and caused obesity and diabetic syndrome.3® In contrast, in

the context of atherosclerotic stress, we found that aortic macrophages, although showing
reduced OXPHQOS, resemble neither classical activated M1 nor alternative activated M2
macrophage gene signatures, and oxLDL-treated Baf60a deficiency BMDMs also showed
no changes in ATF3 activities. It is worth noting that macrophages express high levels of
ApoE, which is not only a primary component of lipoproteins but is also renowned for
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its anti-inflammatory properties.8” Therefore, the absence of inflammation-related effects
linked to BAF60a and ATF3 might be influenced, at least in part, by the background of
ApoE deficiency. This aspect should be thoroughly examined in future studies by additional
experiments including bone marrow transplantation and utilizing mice in LDLR-deficient
background.

In conclusion, we identified that BAF60a is required for macrophage mitochondrial energy
homeostasis under pro-atherosclerotic stress by preserving adaptive NRF1 accessibility to
essential nuclear mitochondrial genes in an SWI/SNF-complex-dependent way. Our results
suggest that targeting mitochondrial homeostasis and restoring physiological epigenetic-
metabolic crosstalk may hold great potential for treating diseases such as atherosclerosis.

Limitations of the study

We studied the role of BAF60a in regulating cell adhesion, suggesting heightened immune
cell recruitment upon its deficiency. The precise interplay between NRF1 and BAF60a,
particularly its impact on monocyte adhesion, remains to be elucidated in detail. Meanwhile,
a recent work by Kong et al. illuminated the role of BAF60s, especially BAF60a, in ATM
activation tied to obesity and metabolic inflammation.3¢ Questions are raised about whether
and to what extent metabolic shifts from BAF60a deficiency contributed to its influence

on atherosclerosis. Additionally, the inherent exclusivity of the three BAF60 subunits

within the SWI/SNF complexes underscores the need for a deeper understanding of how
these individual BAF60 subunits orchestrate and co-function during disease progression.
Furthermore, to a broader extent, the mammalian SWI/SNF complex subunits converge to
form three distinct BAF complexes: the canonical BAF, polybromo-associated BAF, and
non-canonical BAF complexes.32 The relative abundance of these complexes in different
cell types and their preferential activity in atherosclerosis and other cardiovascular diseases
remain pivotal questions that are largely unaddressed. To conclude, the multifaceted role of
BAF60a across a spectrum of disease conditions and its intricate downstream regulatory
pathways, including its interaction with NRF1, present numerous potential therapeutic
opportunities. However, the transition from controlled /n vitro findings to the dynamic realm
of in vivo applications, particularly in the context of targeted therapeutic strategies, remains
a challenging endeavor that requires sophisticated refinements in future investigations.

STARXMETHODS
RESOURCE AVAILABILITY

Lead contact—*Further information and requests for resources and reagents should be
directed to and will be fulfilled by the Lead Contact, Jifeng Zhang (jifengz@umich.edu).

Materials availability—All unique/stable reagents generated in this study are available
from the lead contact with a completed Materials Transfer Agreement.

Data and code availability

. The raw reads and processed data pertaining to RNA-Seq and ATAC-Seq are
accessible via the Gene Expression Omnibus database (GEO) under accession
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number GSE224668. Pre-existing SCRNA-Seq, ChlP-Seq, and CUT&RUN-Seq
data from prior publications are accessible via GSE159677,%3 GSE192777,% and
GSE208936, respectively. Raw data has been deposited at Mendeley (https://
doi.org/10.17632/2v6vfjw8j4.1).

. This paper does not report original code.

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

EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS

Animal studies—C57BL/6J background Baf60a floxed (Baf604"") mice34 maintained

in lab were crossbred with ApoE~~ (B6.129P2- ApoEt™1Uncidy and Lyz2Cre (B6.129P2-
Lyz2tmlcre)ifoly mice purchased from the Jackson Laboratory to generate the Baf604™"<C/
ApoE~~ and Baf604!" 1 ApoE'~ littermate control. All mice were kept on a regular 12h
light/12 h dark cycle at 22°C in a pathogen-free environment. Mice at 10 to 12-week-age
were fed a high-cholesterol Western diet, referred to as WD (Envigo, TD.88137) to induce
hypercholesterolemia for an additional 8, 12, or 16 weeks, varying by experiments. Both
male and female sexes were used in the study and specified in the figure legends. All animal
procedures protocols were approved by the Institutional Animal Care & Use Committee at
the University of Michigan.

Cell culture—Bone marrow cells were harvested from the femur and tibia of mice aged

6 to 12 weeks. These cells were then cultured in differentiation medium (comprising 10%
FBS Gibco IMDM, 1X Non-Essential Amino Acids, 1mM Sodium Pyruvate, and 20 ng/mL
M-CSF) for a duration of up to 7 days to facilitate their differentiation into Bone marrow-
derived macrophages (BMDMs) and then transferred to standard 10% FBS DMEM. THP-1
cells were purchased from ATCC and cultured in RPMI11640 with 10% FBS. RAW264.7
cells were purchased from ATCC and cultured in DMEM with 10% FBS. Human aortic
endothelial cells (HAECs) were purchased from Lonza and cultured in EC growth media-2
from passages 4 to 8. AD-293 cells were purchased from Agilent and cultured in DMEM
with 10% FBS.

METHOD DETAILS

Histology—ATfter euthanasia, mice were perfused with ice-cold saline through the left
ventricle. Aortic root, liver, and eWAT tissue were dissected, fixed in formalin, embedded

in paraffin or frozen OCT, followed by sectioning. The H&E Staining, Oil Red O, Picro
Sirius Red Stain, and F4/80 immunohistochemistry were performed by the /n-Vivo Animal
Core (IVAC) at the University of Michigan. For the TUNEL assay, paraffin-embedded
aortic sections were stained using the ApopTag Peroxidase /n Situ Apoptosis Detection Kit
(Millipore Sigma, S7100). In addition, en-face staining of the whole aorta was conducted
through excising the aorta from the heart to the iliac bifurcation, removing adventitial tissue,
and staining with ORO before imaging.®8 Lobular inflammation was quantified using FILP
algorithm.®9 Quantification of histological staining was done using ImageJ.
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Lipoprotein fractionation and quantification—Fast protein liquid chromatography
(FPLC)Y was used to determine the amount of cholesterol contained in specific lipoprotein
particle fractions. Pooled fasting plasma from all Baf604"KC/ ApoE~'~ and Baf604"T
ApoE~ mice was eluted into 40 fractions. Cholesterol content in all fractions were
analyzed using a cholesterol fluorometric test kit (Cayman Chemical, 10007640).

Plasma lipid, glucose, and complete blood count (CBC)—~Fasting plasma total
cholesterol (TC) and triglyceride levels were measured using a colorimetric-based assay
(Fujifilm Wako Diagnostics, 999-02601 and 290-63701). Fasting blood glucose was
measured using a glucometer and glucose test strips (Ascensia, 0193-7308-50). CBC was
performed by the IVAC at the University of Michigan.

Isolation of mouse peripheral blood mononuclear cells (PBMCs)—Fresh blood
was collected into BD Microtainer Tubes with K2EDTA, mixed immediately to prevent
aggregation and further supplemented with 20 uL of 0.5M EDTA. The blood was then
diluted with an equal volume of DPBS. This diluted sample was carefully layered over 3 mL
of Ficoll-Paque media in a 15 mL centrifuge tube and centrifuged at 400 g for 30-40 min

at 18°C-20°C without braking. The plasma-containing upper layer was removed, leaving the
mononuclear cell layer undisturbed. The mononuclear cells were then transferred to a sterile
centrifuge tube, diluted with three volumes of DPBS, and resuspended by gentle pipetting.
After centrifugation at 400-500 x g for 10-15 min at 18°C-20°C, the supernatant was
discarded and cells were resuspended in 3 mL of balanced salt solution. For further RBC
removal, 1 mL RBC lysis buffer was added, incubated for 10 min at room temperature, and
halted with 10 mL balanced salt solution. After another centrifugation round, the cell pellet
was resuspended in suitable media for CD11b MACS enrichment.

Lipid extraction from liver—Immediately after procurement, tissues were weighed,
homogenized, and mixed with a chloroform and methanol solution in a 2:1 ratio, using
20pL of this solvent mixture per 1mg of tissue. This mixture was then centrifuged at 2400
rpm for a duration of 5-10 min. Lipid-enriched supernatant was carefully decanted into a
fresh tube. Next, double-distilled water, amounting to 0.2 times the volume of the original
solution, was added to the supernatant and mixed thoroughly. Following another round of
centrifugation at 2400 rpm for 5-10 min, the aqueous and organic phases were segregated.
The organic phase, constituting the bottom layer and containing the extracted lipids, was
collected, ensuring an upper to lower layer volume ratio of about 2:3. The organic phase was
then dried with gentle heating at 37°C and redissolved in a suitable volume of assay buffer
for lipid detection.

Western blot (WB)—Tissue or cells were lysed in RIPA buffer (Thermo Fisher Scientific,
89901) with protease inhibitor (Roche, 11873580001). Protein extracts were resolved in
SDS-PAGE gels and transferred to nitrocellulose membranes. Membranes were blocked
with 5% milk or BSA for 1 h at room temperature, followed by incubation with

primary antibody (4°C overnight) and then fluorescence-labeled secondary antibody (Li-Cor
Bioscience, 1:5,000 to 10,000 dilution) at room temperature for 1-2h. The membrane was
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scanned using the LI-COR DLx Odyssey imaging system. Quantification was performed
using LI-COR Empiria Studio.

Quantitative real-time PCR (gPCR)—Total RNA from tissue was first purified using
TRIzol (Invitrogen, 15596018) and RNeasy Mini Kit (Qiagen, 74106). mRNA from

cells was isolated using RNeasy Mini Kit directly. mRNA was reverse transcribed with
SuperScript I kit (Thermo Fisher Scientific, 18080051) using random hexamer. cDNA
abundance was measured in BioRad Real-time PCR Detection System, using SYBR Green
Fast gPCR Mix (Abclonal, RK21203). Unless otherwise specified, gene expression level
was normalized to the internal control, GAPDH. gPCR primers are listed in Table S1.

Plasma cytokine enzyme-linked immunosorbent assay (ELISA)—Plasma MCP-1
and IL-6 levels in Baf604™<C/ ApoE'~ mice and Baf604"" 1 ApoE~'~ mice were measured by
the Cancer Center Immunology Core at the University of Michigan.

Aortic cell digestion followed by fluorescence-activated cell sorting (FACS)
or magnetic-activated cell sorting (MACS)—Mice were euthanized and perfused
with ice-cold PBS containing 2% heparin through the left ventricle. Aortas were digested

in a cocktail of 450 U/mL collagenases (Gibco, 17100-017 and Sigma-Aldrich, C7657),

60 U/mL hyaluronidase (Sigma-Aldrich, H3606), and DNase-1 (Roche, 10104159001,
37°C, 90 min).190 Suspensions were filtered by a 100 um cell strainer to isolate single

cells. 1) For FACS: Cells were further blocked in Fc blocker (eBioscience, 14-0161-85)

for 5 to 10 min on ice and then incubated with fluorochrome-conjugated antibodies for
additional 30 min. Cells were fixed and sent to the Flow Cytometry Core at the University
of Michigan.100 Antibodies used for flow cytometry were as follows: CD16/CD32 for

Fc blocking (eBioscience, 14-0161-85), eFluor 450 isotype control (rat IgG2b kappa,
eBioscience, 48-4031-82), APC conjugated isotype control (rat IgG2a kappa, eBioscience,
17-4321-81), PerCP-cy5.5 isotype control (eBR2a, eBioscience, 45-4321-80), FITC isotype
control (Biolegend, 400110), APC-Cy7 isotype control (BioLegend, 400623), eFlour 660
isotype control (rat IgG2a Kappa, eBioscience, 50-4321-82), CD45 (EF450, eBioscience,
48-0451-82), Mac2 (EF660, eBioscience, 50-5301-82), Ly6G (FITC, BioLegend, 127605),
F4/80 Rat anti-mouse (APC, TONBO 130-102-471), CD11b (APC-Cy7, BioLegend,
101225), CD19 (FITC, BD Biosciences, 557398), CD3 (PerCP-Cy5.5, eBioscience, 45—
0031). 2) For MACS: Single aortic cells were passed through anti-F4/80 (130-110-443), or
anti-CD11b MicroBeads (130-049-601) from Miltenyi Biotec (Gaithersburg, MD) following
the manufacturer’s protocol. Macrophages and flowthrough control cells were either
cultured in Seahorse medium for OCR assay, used for quick DNA extraction, or stained
with Mac2 (EF660, eBioscience, 50-5301-82) and other fluorescent indicators. FACS data
were analyzed using FlowJo v10.6.1.

Cell adhesion assay—HAECs at confluence were treated with TNFa (2 ng/mL) for 6h,
followed by washing with PBS and re-culturing in Opti-MEM medium (Gibco, 31985062)
for an additional 10h. THP-1 with siControl or siBAF60a were stained with 1uM Calcein
A/M and seeded onto the HAECs for 5h. The cells were washed with cold PBS three
times, stained with NucBlue (Thermo Fisher Scientific, R37605), and visualized using
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a fluorescent microscope (Keyence, BZ X800). The retention rate was quantified by
normalizing the Calcium A/M positive area post-washing to the prewashing area in each
well. Fiji ImageJ analyzer was used for quantification.

Nucleofection of siRNAs and plasmids—Nucleofection of siRNAs (30-50 nM) and
plasmids in macrophages were performed in a Nucleofector 2b Device, using Human
Monocyte Nucleofector Kit (VPA-1007) and Nucleofector Program Y-001, for 1 x 108 to 2
x 107 cells per 100uL transfection solution.

Leukocyte adhesion—Eight weeks old male Baf604™KC and Baf604"" mice were IP
injected with 50 pg/kg LPS. Four hours later, mice were injected with rhodamine 6G
chloride to label the leukocyte population. After anesthetization, the cremaster muscle was
separated from the tissues around it. Intravital microscopy was used to track the leukocyte
movement and took illustration pictures.101

Oxygen consumption rate measurement by seahorse—Agilent Seahorse XFe96
Analyzer was used to measure the oxygen consumption rate (OCR). F4/80+ aortic
macrophages isolated from the Baf604"<C/ ApoE™~ and Baf604""| ApoE~'~ mice, and
BMDMs from Baf604™<O and Baf604" mice were cultured in the 96-well culture plates.
The sequential administration of drugs occurred as follows: A) 10 mM glucose +1 mM
sodium pyruvate; B) 1 uM oligomycin; C) 2 uM FCCP; and D) 0.5 uM rotenone +0.5 uM
antimycin A.

Mitochondrial DNA copy number—F4/80* aortic macrophages isolated from the
Baf604™KO ApoE~ and Baf604""1 ApoE™~ mice, and BMDMs from Baf60a™KO and
Baf604" mice were digested with proteinase K. Genomic (nDNA, B2M), and mitochondrial
DNA (mtDNA) were extracted using Phenol:Chloroform: Isoamyl Alcohol (25:24:1,v/v,
Thermo Fisher Scientific, 15593049). The aqueous phase was further purified in cold 70%
ethanol. mtDNA to nDNA ratio numbers were quantified by qPCR, using B2M and mtDNA
specific primers listed in Table S1.17

Transmission electron microscopy (TEM)—BMDMs from Baf604"<O and Baf604"t
mice were treated with oxLDL (100ug/mL) for 48 h in DMEM, followed by fixation and
TEM imaging in the Microscopy Core of the University of Michigan.

Annexin V/Pl assay—BMDMs from Baf604™KC and Baf604"" mice were treated with
7-KC (10pg/mL, 24 h) in Opti-MEM medium (Gibco, 31985062). The cells were first
dissociated with 0.25% trypsin and stained with the FITC Annexin V Apoptosis Detection
Kit | (BD Biosciences, 556547). In general, the cells were washed with cold PBS, followed
by suspension in a 1x binding buffer, and then labeled with FITC Annexin V and Propidium
lodide (P1) for 10 to 15 min at room temperature.191 Quantification was done by FACS at
the University of Michigan core facility.

Lactate dehydrogenase (LDH) activity assay—BMDMs from Baf604™C and
Baf604" mice were treated with 7-KC (10pg/mL) for 24 h in Opti-MEM medium. LDH
assay was performed using the LDH kit (MAKO066) from Sigma-Aldrich.
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Cell and mitochondrial staining—BMDMs from Baf60a"KC and Baf604f mice were
treated with oxLDL (50pg/mL) for 48 h in DMEM, followed by staining with 1X working
concentration MitoTracker Deep Red FM (M22426), MitoSOX Red (M36008), HCS
LipidTOX Green (H34475), NucBlue, or TMRM (T668) from Thermo Fisher Scientific.
Cells were visualized using a fluorescent microscope (Keyence, BZ X800) and quantified by
FACS in the Flow Cytometry Core at the University of Michigan. Data were analyzed using
FlowJo v10.6.1.

Co-immunoprecipitation assay—Co-immunoprecipitation (Co-IP) assays were
performed by lysing RAW264.7 cells or Ad293 cells using Cell Lysis Buffer (CST, 9803)
supplemented with PMSF (CST, 8553). Immunoprecipitation was achieved by incubating
the lysate with Protein G Magnetic Beads (CST, 7024) or antibodies against HA or
antibodies against HA (ABclonal-AE008 for RAW264.7 cells or CST-3724 for Ad-293
cells) overnight at 4°C with rotation. The pellet was resuspended in SDS sample buffer and
heated to 95°C-100°C for 5 min. The supernatant, comprising the sample, was isolated for
next-step Western blot assay.

RNA sequencing (RNA-Seq) analysis—RNA was collected from BMDMs of either
Baf604"O and Baf604"" mice or after 16-week WD feeding of Baf604"<C/ ApoE~'~ and
Baf604" 1 ApoE™"~ mice using the procedure as described for qPCR, and treated with RNase-
free DNase | (QIAGEN, 79254) at room temperature for 10 min before sequencing. RNA
was sent to the advanced genomic core at the University of Michigan for library preparation
and sequencing. DeSeq2%* tool was used to perform differential expression analysis. In
addition, GO and KEGG enrichment analyses were performed using GSEA v4.3.2.

Single-cell RNA sequencing (ScCRNA-Seq) analysis—Single-cell RNA sequencing
(scRNA-seq) data of 51,721 cells from three human atherosclerotic plaque samples and
matched controls was extracted from GSE159677 and followed by QC, normalization,
clustering, and generating expression matrix using Seurat 4.0.54 GO and KEGG analysis
were performed using ClusterProfiler.%5 Cell type deconvolution was performed in
CIBERSORTX.5% The microarray of 126 bulk human plague samples was from the Biobank
of Karolinska Endarterectomy (BiKE).

Chromatin immunoprecipitation (ChIP) assay and transposase-accessible
chromatin using sequencing (ATAC-Seq) assay—BMDMs from Baf604"KO/
ApoE~~ and Baf604"1 ApoE~'~ mice were treated with vehicle control or oxLDL (50pg/mL,
48 h). For ChIP assay, chromatin regions were immunoprecipitated with antibodies against
BRG1(Abcam, ab110641)19 and NRF1 (Thermo Fisher Scientific, PA5-27854) followed
by gPCR analysis. ATAC-Seq of nuclei isolated from the cell was performed by the
Epigenomics Core at the University of Michigan and CD Genomics. After quality control
(FastQC)92 and alignment to the corresponding genome (Bowtie2,88 mm10), bam files were
indexed and filtered against the blacklist region using Samtools.89 MACS29! was used

for peak calling in Bedtools® sorted bam files. DeepTools192 was used for peak merge,
subtraction, and generating bigwig files for visualization. ChlPseeker was used for peak
annotation and analyzing peak distribution.93 For ATAC-Seq, motif enrichment analysis

Cell Rep. Author manuscript; available in PMC 2024 February 05.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Zhao et al.

Page 18

was performed using HOMER, 103 and transcription factor footprints were analyzed via
HINT-ATAC.104

QUANTIFICATION AND STATISTICAL ANALYSIS

Statistical analysis was performed using GraphPad Prism 9. Data were checked for
normality using the Shapiro-Wilk test and for “normality vs. lognormality” when normalized
to the control. Outliers were identified using ROUT with a Q value of 1% for raw data.

To compare the difference between the two means, an unpaired Student’s t-test was used.
To compare means from more than two groups, one-way ANOVA, and for data with two
independent variables, nonlinear regression or two-way ANOVA were used. To compare
individual means, Sidak posthoc tests were used. For data that failed normality tests, we
used the Mann-Whitney U test or Kruskal-Wallis test, followed by Dunn’s comparisons as
alternatives. All tests were performed with a two-tailed approach. Unless otherwise stated,
continuous variables were presented as mean * standard error of the mean (SEM). Results
with p < 0.05 were considered statistically significant. All /n vitro results with statistics
represented at least three independent experiments.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights
Baf60a downregulation in macrophages exacerbates atherosclerosis
Baf60a deficiency affects macrophage mitochondrial homeostasis
NRF1 transcriptional response to stress is altered by Baf60a deficiency

BAF60a-NRF1 interaction counters mitochondrial impairment under
atherosclerosis
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Figure 1. Downregulation of Baf60a in advanced atherosclerotic plaque macrophages
exacerbates atherosclerosis in ApoE_/_ hypercholesterolemic mice

(A) FACS isolation of single aortic cells from atherosclerotic ApoE~~ mice at 8 or 16 weeks
post WD feeding.

(B) gPCR measurement of mMRNA abundance for Baf60a, Baf60b, and Baf60c. Each data
point represents pooled samples from three mice (n = 4).

(C and D) (C) Immunoblotting and (D) quantification of BAF60a, BAF60b, BAF155,
BRD9, and B-actin protein abundance in BMDMs isolated from Baf604"KC and Baf604"t
mice (n = 7; membranes were reused in Figure S4A).
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(E-J) Male Baf604"" | ApoE~~ and Baf60a"C/ ApoE~~ mice were fed a WD for 16 weeks
(n = 13-15 per group). (E) En-face ORO staining of the aortic tree. (F) H&E, ORO, and PSR
staining of the aortic root. Scale bars, 200 um. (G) Quantification of en-face ORO staining of
the aortic tree. (H) H&E staining of the aortic root followed by quantification of lesion and
necrotic core area. (1) Quantification of ORO-positive aortic root area. (J) Quantification of
PSR-positive fibrotic region in the aortic root.

Data are presented as mean = SEM. Two-way ANOVA followed by Holm-Sidak multiple
comparisons for (B) and (D); Student’s t test for (G)—(J).
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Figure 2. Myeloid Baf60a deletion induces vascular immune cell recruitment
Male Baf604™KC/ ApoE~'~ and Baf60d""1 ApoE~'~ mice were fed a WD for 16 weeks.

(A and B) Immunofluorescence staining at the aortic root region demonstrating Mac2-
positive macrophage and immune cell content, followed by quantification (B).
(C) FACS histogram of dynamic changes in CD45 expression during 7 days of BMDM

differentiation.

(D) RNA-seq of BMDM from Baf604™KO and Baf604"" mice (n = 4) followed by GSEA.
(E) Heatmap of adhesion-related gene expression from (D).
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(F) gPCR of the adhesion-related genes in CD11b-positive PBMCs from Baf604™<C or
Baf604" mice (n = 6).

(G) gPCR of the adhesion-related genes from THP-1 cells transfected with siNT or
siBAF60a at 72 h post transfection (n = 4).

(H) Representative figures of Calcein AM-stained THP-1 cell attached to TNF-a.-activated
HAECs. Scale bar, 100 um.

Data are presented as mean + SEM. Student’s t test for (B), (F), and (G) (left); two-way
ANOVA followed by Holm-Sidak post hoc analysis for (G) (right).
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Figure 3. Mitochondrial content decreased in Baf60a-deficient atherosclerotic macrophages
(A) RNA-seq of BMDM s isolated from 16-week WD feeding atherosclerotic Baf604™<O/

ApoE~!~ and Baf604""| ApoE~'~ mice followed by GSEA.

(B) Heatmap of OXPHOS-related gene expression from (A).

(C) Upper: Seahorse measurement of OCR in Baf60a"KC and Baf604"f BMDMs treated
with oxLDL (50 pg/mL, 48 h, n = 26-30 per group). Lower: Seahorse measurement of OCR
in F4/80* aortic macrophage from 16-week WD-fed Baf604"KO/ ApoE~'~ and Baf604""
ApoE~ mice (n = 42-60 per group).

(D) Quantification of basal and maximal OCR.

(E) Upper: gPCR quantification of mtDNA/NDNA ratio in Baf604™KC and Baf604*

bone marrow-derived monocytes or macrophages treated with oxLDL (50 pg/mL, 48 h,

n = 8). Lower: gPCR quantification of mtDNA/nDNA ratio in FACS-sorted F4/80*

aortic macrophages and non-macrophages from 16-week WD-fed Baf604"<C/ ApoE~'~ and
Baf604" 1 ApoE~ mice (n = 8 per group).

Cell Rep. Author manuscript; available in PMC 2024 February 05.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Zhao et al.

Page 31

(F) Immunoblotting and quantification of BAF60a, PDH, mtTFA, COX IV, and p-actin
protein abundance in BMDMSs from Baf604™<O or Baf604"" mice treated with oxLDL (50
pg/mL, 48 h, n = 4-7 per group).

Data are presented as mean £ SEM. Two-way ANOVA followed by Holm-Sidak post hoc
analysis for (D) and (F); Student’s t test for (E).
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Figure 4. Atherosclerotic environmental cues link Baf60a deficiency to mitochondria
dysfunction, ROS generation, and apoptosis

(A) TEM imaging of BMDMs from Baf604™<C or Baf604"" mice treated with oxLDL (100
mg/mL, 48 h), followed by quantification of individual mitochondrion and autophagosome
numbers (n = 6-7 per group). Scale bar, 800 nm.

(B) Hoechst, LipidTOX, MitoSOX, and MitoTracker staining of BMDMs isolated from
Baf604"O or Baf604"" mice and treated with oxLDL (50 pg/mL, 48 h). Scale bar, 100 um.
(C) gPCR quantification of MRNA extracted from Baf60a"<O or Baf604!f BMDMs and
treated with oxLDL (50 pg/mL for 48 h, n = 4-5 per group).

(D) Density plot and FACS analysis of BMDMs from Baf604"KO or Baf604"f mice treated
with oxLDL (50 pg/mL, 48 h) and stained with MitoSOX (n = 8).
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(E) LDH release from vehicle control or 7-KC (10 pg/mL, 24 h)-treated BMDM s isolated
from either Baf604™KC or Baf604"" mice (n = 15).

(F) Dot plot and FACS analysis of BMDMSs from Baf604™KC or Baf604"" mice treated with
7-KC (10 pug/mL, 24 h) and stained with annexin V/PI to quantify apoptotic cell number (n =
5).

(G) Immunofluorescence illustration of aortic sinus from 16-week WD-fed Baf60a"KO/
ApoE~~ and Baf604"1 ApoE~'~ mice co-stained with DAPI, Mac2, and TUNEL. Scale bar,
50 pm.

Data are presented as mean + SEM. Student’s t test for (A) and (D)—(F); two-way ANOVA
followed by Holm-Sidak post hoc analysis for (C) and (E).
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Figure 5. Correlation between BAF60a expression and mitochondrial gene expression in plague
macrophages from human patients

(A) UMAP (uniform manifold approximation and projection) plot of different cell types
defined by human plaque scRNA-seq (GEO: GSE159677) and corresponding cluster-wise

BAF60a expression.

(B) Violin plot of common macrophage marker expression in M¢l to Me4 clusters.

(C) Gene ontology (GO) enrichment analysis of gene expression in Mgl to Me4 clusters.
(D) Heatmap of normalized mitochondria-related gene expression in Mgl to Me4 clusters.
(E) Bulk plaque sequencing deconvolution using a curated single-cell signature matrix,
followed by Pearson correlation analysis (n = 126).
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Figure 6. BAF60a deficiency impairs NRF1 transcriptional response to atherosclerotic stress and
reduces NRF1 targeted gene expression

BMDM s from Baf604"<C1 ApoE~'~ or Baf60d"" 1 ApoE~ mice were treated with either
vehicle control or oxLDL (50 pg/mL, 48 h).
(A) Peak feature distribution across different chromatin regions.
(B-D) ATAC-seq followed by transcription factor (TF) footprint and motif analysis (n = 2
for each condition). (B) Volcano plot of TF footprints with top differential activities. (C)
NRF1 footprint within 100 bp of the seed region. (D) HOMER motif enrichment analysis of
top five differentially enriched motifs based on p value.
(E) Genome track view of chromatin accessibility around selected NRF1-targeted 77/61m
gene loci by Baf60a"KO/ ApoE"~ or Baf604"T1 ApoE~'~ BMDMs ATAC-seq, Nrfl ChiP-
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seq (GEO: GSE208936), and CUT&RUN-seq for Brgl, H3K27ac, and H3K4mel (GEO:
GSE192777).

(F) ChlP assay of BRG1 and NRF1 binding on the peak region of 776Zm promoter
determined above.

(G) gPCR quantification of potential BAF60a-interacting TF/co-factors and NRF1-regulated
mitochondria genes (n = 3).

Data are presented as mean £ SEM. Two-way ANOVA followed by Holm-Sidak post hoc
analysis for (F) and (G). ns, none significant; *p < 0.05; **p < 0.01.
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Figure 7. BAF60a interacts with NRF1, and its overexpression requires NRF1 to alleviate

mitochondrial dysfunction

(A) Co-IP of the physical interaction between NRF1 and BAF60a in RAW264.1 cells

overexpressing HA-NRF1, with immunoglobulin G (IgG) as a negative control.

(B) Immunoblotting of RAW?264.7 cells co-transfected with siNT/siBaf60a and pcDNA/

NRFI for 48 h followed by treatment of either control or oxLDL (50 pg/mL, 24 h).
(C) Quantification of mitochondrial-related protein changes in response to NRF1
overexpression in (B) (n = 4).
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(D) BMDM s from Baf60a™O mice were infected with either AdLacZ or AdBAF60a and
transfected with vehicle, siBrgl, or siNrfl for 48 h before treatment with oxLDL (50 pg/mL,
48 h). qPCR was performed to quantify Nrfl-regulated gene expression (n = 3).

(E) mtDNA-to-nDNA ratio quantified by gPCR. Left: BMDMSs from Baf604"KC mice were
infected with either AdLacZ or AdBAF60a for 24 h and treated with oxLDL (50 pg/mL, 48
h, n = 5). Right: RAW264.7 cells were co-transfected with siNT/siBaf60a and pcDNA/Nrf1
for 48 h and treated by either control or oxLDL (50 pg/mL, 24 h, n = 10).

(F) Schematic model of BAF60a regulation of plaque macrophage and mitochondria
homeostasis in atherosclerosis.

Data are presented as mean = SEM. Student’s t test for (C) and (E) (left); ordinary one-way
ANOVA by Tukey’s post hoc analysis for (E) (right); two-way ANOVA followed by Holm-
Sidak post hoc analysis for (D). ns, none significant; *p < 0.05; **p < 0.01; ***p < 0.001,
****p < 0.0001.

Cell Rep. Author manuscript; available in PMC 2024 February 05.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Zhao et al.

KEY RESOURCES TABLE

REAGENT or RESOURCE SOURCE IDENTIFIER

Antibodies

Rabbit anti-BAF60a antibody Abcam Cat#ab245222; RRID:AB_3065059
Rabbit anti-BAF60b antibody Abcam Cat#ab220164; RRID:AB_2904257
Rabbit anti-BRG1 antibody Abcam Cat#ab110641; RRID:AB_10861578

Rabbit anti-BAF155 antibody

Rabbit anti-BRD9 antibody

Rabbit anti-PDH antibody

Mouse anti-B-actin antibody

Rabbit anti-DYKDDDDK antibody
Rabbit anti-HA antibody

Rabbit anti-TFAM antibody

Rabbit anti-NRF1 antibody

Rabbit anti-Apolipoprotein B antibody
Rat anti-Galectin 3 (Mac2) antibody

Rat anti-CD16/CD32 (Fc blocker) antibody
EF450 Rat anti-CD45 Monoclonal antibody
EF660 Rat anti-Galectin 3 antibody
PerCP-Cy5.5 Rat anti-CD3 antibody
Mouse anti-BAF60a antibody

FITC Rat anti-mouse CD19 antibody
Rabbit anti-COX4 antibody

680RD Donkey anti-rabbit IRDye
800CW Donkey anti-rabbit IRDye
680RD Donkey anti-mouse IRDye
800CW Donkey anti-mouse IRDye
Alexa Fluor 594 donkey anti-rat antibody
FITC Rat anti-mouse Ly-6G antibody
APC Rat anti-CD11b antibody

APC F4/80 Rat anti-mouse antibody
Mouse anti-HA antibody

anti-F4/80 MicroBeads

anti-CD11b MicroBeads

Cell Signaling Technology
Cell Signaling Technology
Cell Signaling Technology
Cell Signaling Technology
Cell Signaling Technology
Cell Signaling Technology
Thermo Fisher Scientific
Thermo Fisher Scientific
Thermo Fisher Scientific
Thermo Fisher Scientific
Thermo Fisher Scientific
Thermo Fisher Scientific
Thermo Fisher Scientific
Thermo Fisher Scientific
BD Biosciences

BD Biosciences

Novus Biologicals
LI1-COR Biosciences
LI-COR Biosciences
LI1-COR Biosciences
LI1-COR Biosciences
Jackson ImmunoResearch
BioLegend

BioLegend

Cytek Biosciences/Tonbo
ABclonal

Miltenyi Biotec

Miltenyi Biotec

Cat#11956; RRID:AB_2797776
Cat#71232; RRID:AB_2799798
Cat#3205; RRID:AB_2162926
Cat#3700; RRID:AB_2242334
Cat#14793S; RRID:AB_2572291
Cat#3724; RRID:AB_1549585
Cat#PA5-68789; RRID:AB_2688635
Cat#PA5-27854; RRID:AB_2545330
Cat#MA5-35458; RRID:AB_2849359
Cat#14-5301-82; RRID:AB_837132
Cat#14-0161-85; RRID:AB_467134
Cat#48-0451-82; RRID:AB_1518806
Cat#50-5301-82; RRID:AB_11220276
Cat#45-0031-82; RRID:AB_1107000
Cat#611728; RRID:AB_2192143
Cat#557398; RRID:AB_396681
Cat#NB110-39115; RRID:AB_789419
Cat#926-68073; RRID:AB_10954442
Cat#926-32213; RRID:AB_621848
Cat#926-68072; RRID:AB_10953628
Cat#926-32212; RRID:AB_621847
Cat#712-585-153; RRID:AB_2340689
Cat#127605; RRID:AB_1236488
Cat#101225; RRID:AB_830641
Cat#20-4801; RRID:AB_2621602
Cat#AEQ08; RRID:AB_2770404
Cat#130-110-443; RRID:AB_2858241
Cat#130-049-601; RRID:AB_2927377

Bacterial and virus strains

Ad-Flag-hBAF60a Lab prep N/A
Ad-LacZ Lab prep N/A
Biological samples

Low-Density Lipoprotein (LDL) Lee Biosolutions Cat#360-10
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REAGENT or RESOURCE SOURCE IDENTIFIER
Oxidized LDL Lap prep N/A
Chemicals, peptides, and recombinant proteins

Recombinant human TNFa R&D Systems Cat#210-TA
7-Keto cholesterol Cayman Chemical Cat#16339
Calcein AM Cayman Chemical Cat#14948
Recombinant Mouse M-CSF Thermo Fisher Scientific Cat#416-ML

Collagenases |

NucBlue™

Phenol:Chloroform: Isoamyl Alcohol (25:24:1,v/v)
MitoTracker™ Deep Red FM

MitoSOX™ Red

HCS LipidTOX™ Green

TMRM

Hoechst

TRIzol

ProLong™ Gold Antifade Mountant with DAPI
Lipofectamine 2000

Lipofectamine RNAi Max

Protease inhibitor cocktail

PhosSTOP phosphatase inhibitors

RIPA buffer

Non Fat Dry Milk

USDA HI FBS

MEM NEAA

Sodium pyruvate

eFluor 450 isotype control (rat IgG2b kappa)
APC conjugated isotype control (rat 1gG2a kappa)
PerCP-cy5.5 isotype control (eBR2a)

eFlour 660 isotype control (rat IgG2a Kappa)
4% Paraformaldehyde in PBS

10% Buffered Formalin

TRYPSIN 0.25% EDTA

Collagenase from Clostridium histolyticum
Hyaluronidase

DNase-I

Lipopolysaccharides from Escherichia coli 0111:B4
Ficoll-Paque PREMIUM 1.084

Bovine Serum Albumin

Donkey Serum

Qil red O

Thermo Fisher Scientific
Thermo Fisher Scientific
Thermo Fisher Scientific
Thermo Fisher Scientific
Thermo Fisher Scientific
Thermo Fisher Scientific
Thermo Fisher Scientific
Thermo Fisher Scientific
Thermo Fisher Scientific
Thermo Fisher Scientific
Thermo Fisher Scientific
Thermo Fisher Scientific
Thermo Fisher Scientific
Thermo Fisher Scientific
Thermo Fisher Scientific
Thermo Fisher Scientific
Thermo Fisher Scientific
Thermo Fisher Scientific
Thermo Fisher Scientific
Thermo Fisher Scientific
Thermo Fisher Scientific
Thermo Fisher Scientific
Thermo Fisher Scientific
Thermo Fisher Scientific
Thermo Fisher Scientific
Thermo Fisher Scientific
Sigma-Aldrich

Sigma-Aldrich

Sigma-Aldrich

Sigma-Aldrich

Sigma-Aldrich

Sigma-Aldrich

Sigma-Aldrich

Sigma-Aldrich

Cat#17100-017
Cat#R37605
Cat#15593049
Cat#M22426
Cat#M36008
Cat#H34475
Cat#T668
Cat#H3570
Cat#15596018
Cat#P36935
Cat#1668019
Cat#13778150
Cat#11873580001
Cat#4906845001
Cat#89901
Cat#NC9121673
Cat#10438026
Cat#11140050
Cat#11360070
Cat#48-4031-82
Cat#17-4321-81
Cat#45-4321-80
Cat#50-4321-82
Cat#AAJ19943K2
Cat#23-245685
Cat#25200-056
Cat#C7657
Cat#H3606
Cat#10104159001
Cat#L.2630
Cat#GE17-5446-02
Cat#A8806
Cat#S30-100ML
Cat#00625
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REAGENT or RESOURCE SOURCE IDENTIFIER
Phosphate Buffered Saline Sigma-Aldrich Cat#P3813
Protein G Magnetic Beads Cell Signaling Technology ~ Cat#70024
Cell Lysis Buffer Cell Signaling Technology  Cat#9803
PMSF Cell Signaling Technology  Cat#8553
Rabbit 1gG Cell Signaling Technology — Cat#2729
RNase-free DNase | QIAGEN Cat#79254
O.C.T. Compound Tissue-Tek Cat#4583
SYBR Green Fast gPCR Mix Abclonal Cat#RK?21203
Nucleic Acid Transfection Enhancer InvivoGen Cati#lyec-nate
FITC isotype control Biolegend Cat#400110
APC-Cy7 isotype control Biolegend Cat#400623
Heparin UMHS pharmacy Cat#6543
Tris/Glycine/SDS Bio-Rad Cat#1610772
Tris/Glycine Bio-Rad Cat#1610771
10% Tween 20 Bio-Rad Cat#1610781
Accutase Stemcell technologies Cat#07920
Critical commercial assays

EdU Assay Abcam Cat#ab222421
Cholesterol fluorometric test kit Cayman Chemical Cat#10007640

Colorimetric-based Cholesterol E assay
Colorimetric-based Triglyceride assay

Glucose test strips

RNeasy Mini Kit

SuperScript 11 kit

Human Monocyte Nucleofector™ Kit

Seahorse XFp Cell Mito Stress Test Kit

Fujifilm Wako
Diagnostics

Fujifilm Wako
Diagnostics

Ascensia

Qiagen

Thermo Fisher Scientific
Lonza Biosciences

Agilent Technologies

Cat#999-02601

Cat#290-63701

Cat#0193-7308-50
Cat#74106
Cat#18080051
Cat#VPA-1007
Cat#103010-100

FITC Annexin V Apoptosis Detection Kit | BD Biosciences Cat#556547
ApopTag Peroxidase /n Situ Apoptosis Detection Sigma-Aldrich Cat#S7100
Kit

LDH assay kit Sigma-Aldrich Cat#MAKO066
SimpleChIP Enzymatic Chromatin IP Kit (Magnetic ~ Cell Signaling Technology ~ Cat#9003S
Beads)

Deposited data

RNA-seq (original)
ChlP-seq (original)
ATAC-seq (original)

Raw data (original)

Gene Expression Omnibus
Gene Expression Omnibus
Gene Expression Omnibus

Mendeley Data

GSE224664, GSE224665
GSE224666

GSE224667
https://doi.org/10.17632/2v6vfjw8j4.1

Experimental models: Cell lines
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REAGENT or RESOURCE SOURCE IDENTIFIER
AD-293 Agilent Technologies Cat#240085
THP-1 ATCC Cat#TIB-202
RAW 264.7 ATCC Cat#TIB-71

Human Aortic Endothelial Cell (HAEC)

Lonza Biosciences

Cat#CC-2535

Mouse bone marrow-derived macrophages Lab prep N/A

Mouse peripheral blood mononuclear cell (PMBC) Lab prep N/A

Experimental models: Organisms/strains

Mouse: B6: C57BL/6J The Jackson Laboratory JAX: 000664

Mouse: ApoE~~: B6.129P2- Apoe!™Ure|] The Jackson Laboratory JAX: 002052

Mouse: Lyz2*: B6.129P2-Lyz2tmi(cre)ifol] The Jackson Laboratory JAX: 004781

Mouse: Baf60d""; B6.Cg-Smarca1tm2-17ddl)) Lab bred/The Jackson JAX: 036171
Laboratory

Mouse: Baf60a™<: Baf604"ILyz2+ Lab bred N/A

Mouse: Bar60a4™<C/ApoE~"- Lab bred N/A

Mouse: Bar604""1ApoE~"~ Lab bred N/A

Oligonucleotides

siSmarcdl Dharmacon Cat#L-046893-01-0005

siSMARCD1 Dharmacon Cat#L-017244-00-0005

SiNrfl Dharmacon Cat#J-041037-09-0002

siSMARCA4 Dharmacon Cat#J-041135-05-0002

siControl pool2 Dharmacon Cat#D-001206-14-05

gPCR primers Table S1 N/A

Recombinant DNA

pCMV3-N-HA-NRF1 SinoBiological MG52011-NY

pcDNA3.1+ Lab maintained N/A

pcDNA3.1-N-Flag-BAF60a Lab prep N/A

pcDNA3.1-N-Flag-BAF60ap1-114) Lab prep N/A

pcDNA3.1-N-Flag-BAF60ap1-176) Lab prep N/A

pcDNA3.1-N-Flag-BAF603(p115-515) Lab prep N/A

pcDNA3.1-N-Flag-BAF60ap130-515) Lab prep N/A

pcDNA3.1-N-Flag-BAF60a(p;77-515) Lab prep N/A

pcDNA3.1-N-Flag-BAF60ap307-515) Lab prep N/A

pcDNA3.1-N-Flag-BAF60a(p177-306) Lab prep N/A

PcDNA3.1-N-Flag-BAF60apag7-422) Lab prep N/A

Software and algorithms

Prism

Fiji: ImageJ

GraphPad Software
NIH/LOCI

https://www.graphpad.com/features
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REAGENT or RESOURCE

SOURCE

IDENTIFIER

Empiria Studio

FlowJo

Seahorse Wave Desktop

LI-COR

BD Biosciences

Agilent

https://www.licor.com/bio/empiria-
studio

https://www.flowjo.com/

https://www.agilent.com/en/product/
cell-analysis/real-time-cell-metabolic-
analysis/xf-software/seahorse-wave-
desktop-software-740897

FastQC Babraham Institute https://
www.bioinformatics.babraham.ac.uk/
projects/fastqc/

TrimGalore Babraham Institute https://
www.bioinformatics.babraham.ac.uk/
projects/trim_galore/

Cutadapt NBIS (National https://github.com/marcelm/cutadapt

Bioinformatics
Infrastructure Sweden)

Bowtie2 Langmead and Salzberg et  https://github.com/BenLangmead/

al 88 bowtie2

Picard Broad Institute https://github.com/broadinstitute/picard

Samtools Lietal8® https://www.htslib.org/

Bedtools Quinlan and Hall et al.% https://bedtools.readthedocs.io/en/
latest/

Macs2 Zhang et al .t https://pypi.org/project/MACS2/

DeepTools Max Planck Institute https://github.com/deeptools/deepTools

for Immunobiology and
Epigenetics

MultiQC Ewels et al.92 https://multigc.info/

Ataqv The Parker Lab https://github.com/ParkerLab/ataqv

ChlPseeker Yu, Wang, and He et al.%8 https://guangchuangyu.github.io/
software/ChlPseeker/

HOMER University of California http://homer.ucsd.edu/homer/motif/

San Diego
HINT-ATAC Regulatory Genomics https://github.com/Costalab/reg-gen
Toolbox

DESeq2 Love et al.% https://bioconductor.org/packages/
release/bioc/html/DESeq2.html

GSEA University of California https://www.gsea-msigdb.org/gsea/

San Diego/Broad Institute  index.jsp
Seurat Satija lab https://satijalab.org/seurat/
CIBERSORTXx Alizadeh Lab and https://cibersortx.stanford.edu/
Newman Lab

ClusterProfiler Yu et al.9 https://guangchuangyu.github.io/
software/clusterProfiler/

Other

Western diet (WD) Envigo Cat#TD.88137

Iscove’s Modified Dulbecco’s Media GIBCO Cat#12440053

Dulbecco’s Modified Eagle Medium GIBCO Cat#11965092

Roswell Park Memorial Institute (RPMI) 1640 GIBCO Cat#11875093

Medium

Dulbecco’s phosphate-buffered saline (DPBS) GIBCO Cat# 14190250
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REAGENT or RESOURCE SOURCE IDENTIFIER
EGM™-2 Endothelial Cell Growth Medium-2 Lonza Cat# CC-3162
BulletKit™
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