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Abstract

Macrophages are the principal component of the innate immune system. They play very crucial
and multifaceted roles in the pathogenesis of inflammatory vascular diseases. There is an
increasing recognition that transcriptionally dynamic macrophages are the key players in the
pathogenesis of inflammatory vascular diseases. In this context, the accumulation and aberrant
activation of macrophages in the subendothelial layers govern atherosclerotic plague development.
Macrophage-mediated inflammation is an explicitly robust biological response that involves broad
alterations in inflammatory gene expression. Thus, cell-intrinsic negative regulatory mechanisms
must exist which can restrain inflammatory response in a spatiotemporal manner. In this study,

we identified CBP/p300-interacting transactivator with glutamic acid/aspartic acid-rich carboxyl-
terminal domain 2 (CITED2) as one such cell-intrinsic negative regulator of inflammation. Our

in vivo studies show that myeloid-CITED2 deficient mice on the Apoe'~ background have

larger atherosclerotic lesions on both control and high-fat/high-cholesterol diets. Our integrated
transcriptomics and gene set enrichment analyses studies show that CITED2 deficiency elevates
STAT1 and IRF1 regulated pro-inflammatory gene expression in macrophages. At the molecular
level, our studies identify that CITED2 deficiency elevates IFN-y-induced STAT1 transcriptional
activity and STAT1 enrichment on IRF1 promoter in macrophages. More importantly, SiRNA-
mediated knockdown of IRF1 completely reversed elevated pro-inflammatory target gene
expression in CITED2 deficient macrophages. Collectively, our study findings demonstrate that
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CITED?2 restrains the STAT1-IRF1 signaling axis in macrophages and limits the development of
atherosclerotic plaques.
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Introduction

The process of inflammation is a robust biological response that involves the recruitment
of immune cells to eliminate foreign agents, helps in tissue repair, and maintains tissue
homeostasis (1). The monocyte-derived macrophages are the principal innate immune cells
that provide the first line of defense against infection/injury and serve as key players

in orchestrating innate and adaptive immune responses (2). Inflammatory macrophages
recognize foreign agents by utilizing pattern recognition receptors, including Toll-like
receptors (TLRs) (3). The TLRs are the conserved single-pass membrane-spanning receptors
on the sentinel cells and effectively distinguish molecular ligands of viral and microbial
pathogens such as lipoproteins, bacterial flagellin, single/double-stranded RNA, and
bacterial DNA (3). Similarly, macrophages recognize host-derived inflammatory signals by
utilizing a battery of cell surface receptors, including interferon receptors. These receptors
convey extracellular cues to the cytoplasm and nucleus to shape the appropriate immune
response at cellular and molecular levels (4). Typically, these cell surface receptors recruit
signaling adapters and initiate a range of intracellular signaling pathways that result in the
activation of several transcriptional factors such as NFxB, HIFla, STAT1, and IRFs (4).
These transcription factors control inflammatory and metabolic gene programs that shape
robust pro-inflammatory macrophage activation. However, exaggerated and uncontrolled
macrophage inflammatory response could lead to excessive cytokine production, impaired
tissue functions, development of chronic diseases, organ failure, and death (5). These are
evident in many chronic and acute inflammatory disease conditions, including arthritis,
atherosclerosis, lupus, inflammatory bowel diseases, and sepsis (5). However, macrophages
contain several cell-intrinsic negative regulatory mechanisms to constrain and resolve
uncontrolled pro-inflammatory gene expression in a spatiotemporal manner (6). Thus,
identifying such cell-intrinsic negative regulatory mechanisms will help us to better
understand pro- and anti-inflammatory signaling dynamics that are operative in disease
pathogenesis. This in turn, could aid in developing new therapeutic approaches in the
treatment of human ailments.

In this study, we have identified macrophage Cbp/p300 interacting transactivator with
Glu/Asp rich carboxy-terminal domain 2 (CITED2) as a quintessential cell-intrinsic negative
regulator of inflammatory gene expression and restrain progression of inflammatory
vascular wall disease. CITED?2 is exclusively localized in the nucleus and is a member of
the CBP/p300-interacting transactivator with Glu/Asp-rich carboxy-terminal domain family
of transcriptional modulators (7). Studies over the years have shown that CITED2 plays a
critical role in cellular development and differentiation (8). Previous studies have shown that
mutations in the human C/TEDZ2 gene is associated with congenital heart defects (9). These
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observations were recapitulated in genetically engineered Cited2 null mice that exhibited
congenital heart defects, as well as disruption in the left-right patterning of the body axis
(10). Indeed, Cited?knockout mice exhibit embryonic lethality in utero around mid to late
gestation due to multiple developmental anomalies, including malformations of the adrenal
gland, liver, lung, placenta, and neural tube defects (11). Studies have also shown that
CITED?2 plays a crucial role in maintaining the hematopoietic stem cell pool in the bone
marrow and the process of hematopoiesis (12). Indeed, conditional deletion of CITED2

in the hematopoietic system resulted in substantial loss of adult hematopoietic stem cells
and primitive progenitor cells that result in bone marrow failure (12). In addition, CITED2
deficient hematopoietic stem cells also exhibited impaired quiescence and reconstitution
capacity (13). Our previous studies have demonstrated that CITED2 is predominantly
expressed in human and murine macrophages (14). Myeloid-specific CITED2 deficient
mice are highly susceptible to zymosan-induced lung inflammation (15) and LPS-induced
endotoxic shock syndrome (14). At the molecular level, our previous reports have shown
that CITED2 cooperates with PPARy to elevate anti-inflammatory targets while repressing
HIFla and the NFxB functions in macrophages (14, 15). However, whether myeloid-
CITED?2 deficiency alters the gene programs that are involved in the development or
progression of inflammatory vascular wall disease has not been previously examined. In
this study, we provide evidence that CITED2 restrains the STAT1-IRF1 signaling axis in
macrophages and limits the development of atherosclerotic plaques /n vivo.

Materials and Methods

Experimental mouse models and atherosclerosis studies

All animal procedures were approved by the Institutional Animal Care and Use Committee
at Case Western Reserve University and conformed to the American Association for
Accreditation of Laboratory Animal Care guidelines. All mice were bred and maintained
under pathogen-free conditions, fed standard laboratory chow, and kept on a 12-h light/
dark cycle. Myeloid CITED2-specific null mice were generated in our laboratory as
described in our previous study (14). Briefly, the control (Lyz2¢"¢/¢re on C57BL/6J
background) and myeloid-specific Cited? deficient (Cited 2™ [ yz2¢re/ce on C57BL/6J
background) were generating by breeding male and female Cited2™~ : Lyz2¢re/cre mice.

The Cited2™": [ yz2cre/cre mice contained two Cited2 floxed and two Lyz2 Crealleles
(C57BL/6J background). Mice with two Crealleles (Lyz2°"/¢) were used as the control
group (C57BL/6J background). For the atherosclerosis studies, 8-week-old male and female
Lyz2erelcre: Apoe'= (C57BL/6J) and Cited 2™ [ yz2cre/ere - Apoe~'~ (C57BL/6J) mice were
fed a Western-style diet (TD 88137, Harlan Teklad: 21.2% fat, 0.2% cholesterol) for 20
weeks. These study mice received randomly numbered ear tags, and investigators were
blinded to mice genotype information. At the end of the feeding period, total blood samples
were collected for plasma cytokine and cholesterol analyses. Next, these study mice were
euthanized and perfused with saline. The aortic sinuses, ascending and descending aorta
were collected. The entire aorta was stained with Sudan IV, and excessive adventitial tissues
were removed. For en face aortic lesion quantifications, aortas were dissected by removing
all branching vessels down to the femoral bifurcation and then sliced ventrally. The images
of the aortas next to a ruler were digitally captured by using Canon EOS Rebel T6 DSLR
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camera. Lesion areas within the entire length of the aorta were quantified using ImageJ
software. Results were expressed as absolute aortic surface plaque area as well as percent
lesion area relative to the total aortic surface area.

Further, aortic sinuses were cryosectioned using a Sakura Tissue-Tek Cryo 2000 cryostat

at a thickness of 10 um. The serial sections were taken starting at the aortic valve plane

and covering 450 um in intervals of 50 um. The serial sections were placed on Superfrost
Plus microscope slides, and the sections were stored at —20°C until use. These sections were
stained with Oil Red O/hematoxylin staining for aortic root plaque quantification. Further,
aortic sinuses cryosections were fixed with 10% of buffered formalin. These sections were
subjected to antigen retrieval steps with antigen unmasking solution. Samples were treated
with 0.3% of H,0, for 30 minutes at room temperature, and the nonspecific binding was
blocked with a blocking buffer. Samples were incubated with rabbit anti-F4/80 antibody at
4°C for overnight. These tissue sections were subsequently incubated with biotin-conjugated
goat anti-rabbit IgG for 30 minutes at room temperature. Samples were incubated in ABC
reagent, and the immunostaining was visualized using a DAB reagent. Images were acquired
using a microscope, and Image J software was utilized for quantification of aortic sinus
plague and macrophage area. These quantifications included at least seven sections for each
mouse. The quantification of histological data and statistical analyses were performed by
two independent investigators who are blinded to sample genotypes and/or treatments.

The bone marrow-derived macrophages (BMDMs) were generated by ex vivo differentiation
of bone marrow cells. Briefly, bone marrow cells from 8-week-old Lyz2¢"¢/c¢ and
Cited 2" yz2¢re/cre mice were harvested from the femur and tibia. The isolated bone-
marrow cells were cultured in Dulbecco’s modified Eagle medium (DMEM) supplemented
with recombinant mouse macrophage colony-stimulating factor (M-CSF) for seven days.
The resulting BMDMs were harvested and utilized for indicated experiments. RAW264.7
cells were cultured in Dulbecco’s modified Eagle medium (DMEM) supplemented with
10% fetal bovine serum (FBS), 100 U/ml penicillin, 10 pg/ml streptomycin, and 2 mM
glutamine in a humidified incubator (5% CO5 and 37°C). Mouse thioglycolate-elicited
peritoneal macrophages (PMs) were obtained by inducing peritonitis with 3% thioglycolate
broth in 8- to 12-week-old mice. These primary peritoneal macrophages were cultured

in serum-supplemented DMEM as described above. Human monocytes were isolated

from unfractionated peripheral blood mononuclear cells by CD14 negative selection using
magnetic beads (Miltenyi Biotec, San Diego, CA). These cells were cultured in complete
DMEM supplemented with recombinant human M-CSF (50 ng/ml) for 7 days to generate
primary macrophages. These macrophages were utilized for indicated experiments. All
experiments involving human samples were approved by the Case Western Reserve
University Institutional Review Board. The primary macrophages from atherosclerotic
aortic plaques were obtained 20 weeks after the initiation of control or Western-style

diet (TD 88137, Harlan Teklad). Briefly, the entire aortic structure was collected, and
periaortic adipose tissues were removed by microdissection. These aortae were washed with
a copious amount of sterile, ice-cold phosphate-buffered saline to remove red blood cells.
The aortic tissues were minced with scalpel blades and were incubated with 3 mg/mL
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collagenase-dispase mixture for 4 hours at room temperature with gentle shaking. The
cellular suspension was collected by using a tissue strainer. The anti-F4/80 microbeads
(130-110-443; Miltenyi Biotec, Auburn, CA) were used to purify macrophages from these
cellular suspensions. The total RNA samples derived from these macrophages were utilized
for RT-qPCR analyses.

RNAseq analysis

Total RNA from primary macrophages were obtained using the High Pure RNA

Isolation Kit. Quality control of RNA isolated was assessed using Qubit (Invitrogen) for
quantification and Agilent 2100 BioAnalyzer analysis to determine the quality using a
cut-off of RIN > 7.0 to select specimens for further analysis. cDNA library for RNAseq
was generated from 150 ng of total RNA using the Illumina TruSeq Stranded Total RNA
kit with Ribo Zero Gold for rRNA removal according to the manufacturer’s protocol. The
resulting purified mMRNA was used as input for the lllumina TruSeq kit, in which libraries
are tagged with unique adapter-indexes. Final libraries were validated on the Agilent 2100
BioAnalyzer, quantified via gPCR, and pooled at equimolar ratios. Pooled libraries were
diluted, denatured, and loaded onto the Illumina NextSeq 550 System using a high output
flowcell. STAR Aligner was used for mapping the sequencing reads to the mm10 mouse
reference genome. The aligned reads were then analyzed with Cuffdiff to obtain gene-level
expression data using the GENCODE gene annotation for mm10 and reported as fragments
per kilobase per million reads mapped (FPKM). Differential expression analysis was also
performed using the Cuffdiff package and significantly differentially expressed genes were
defined using an adjusted P-value < .05 (FDR corrected). Gene expression tables for relevant
pairwise comparisons were analyzed for gene set enrichment (GSEA) using GenePattern
(Broad Institute) (16). We specifically utilized TFT data sets for current studies. A gene
set was considered to be significantly enriched using an FWER cutoff <0.05. Heatmaps
were generated using ClustVis. The sequencing data reported in this manuscript has been
deposited in Gene Expression Omnibus (GSE147943).

RNA extraction, Real-time Quantitative PCR, and Western blot

Total RNA was isolated from indicated samples using the High Pure RNA Isolation

Kit. The total RNA samples (one g each) were reverse-transcribed using M-MuLV

reverse transcriptase in the presence of random hexamers and oligo-dT primers. Real-time
quantitative PCR was performed using Universal SYBR Green PCR Master Mix or TagMan
Universal Master Mix on Applied Biosystems (Foster City, CA) Step One Plus real-time
PCR system in the presence of gene-specific primers. The list of primers utilized in this
study is provided in table S1.

The primary cells and cell lines were lysed after indicated treatment in ice-cold RIPA buffer
containing protease and phosphatase inhibitors. Protein concentration was measured by the
bicinchoninic acid (BCA) protein assay. Equal amounts of protein lysate samples were
electrophoresed using 8% or 4-15% Mini-PROTEAN TGXTM precast gels (Bio-Rad) and
transferred to nitrocellulose membranes. These membranes were blocked with 5% non-fat
dry milk or 5% bovine serum albumin in TBS-T for one hour at room temperature. These
blots were further incubated with primary antibodies diluted in 5% non-fat dry milk in
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TBS-T. After overnight incubation, primary antibodies were removed by washing with TBS-
T. These blots were incubated for one hour at room temperature in horseradish peroxidase-
conjugated secondary antibodies. Blots were visualized using enhanced chemiluminescence
Western Blotting Substrate. The densitometry analyses were performed utilizing ImageJ
software. The primary antibodies were used at the following dilutions. CITED2 (1:1000),
IRF1 (1:1000); STAT1, p-STAT1, (1:2500); and B-ACTIN (1:5000).

Transient transfection, luciferase assay, and Chromatin immunoprecipitation (ChlP)

Transfection of RAW264.7 cells and mice BMDMs were performed using Lipofectamine
transfection reagents (Life Technologies, Carlsbad, CA) according to the manufacturer’s
instructions. Transfected cells were stimulated with IFN+y (10 ng/ml) or PBS and used for
indicated experiments. RAW264.7 cells were transfected with STAT1 cis consensus-driven
luciferase reporter plasmid or were co-transfected with pCMV~Cited2 plasmid or Cited2
specific SiIRNA using Lipofectamine transfection reagent. These cells were exposed to 10
ng/ml IFN~y for 18h. Luciferase reporter activity was measured and normalized according to
the manufacturer’s instructions. Results are presented as relative luciferase activity over the
control group.

Chromatin immunoprecipitation (ChlP) analyses were performed using the EZ-Magna
ChIP G Kit according to the manufacturer’s instruction. Briefly, Lyz2¢€/"€ and
Cited2™1: y726re/cre mice BMDMs were stimulated with 10 ng/ml IFN-y. Chromatin
immunoprecipitations were performed using anti-STAT1 or anti-CITED2 antibodies.
Chromatin samples from these experiments were evaluated by real-time quantitative
RT-PCR. DNA levels were first normalized to the internal control region in the first

intron of the mouse Actb gene (forward: 5" -CGTATTAGGTCCATCTT GAGAGTAC-3’,
reverse: 5'-GCCATTGAGGCGTGATCGTAGC-3"). Primer pairs flanking the STAT1
gamma interferon activation site (GAS) element were targeted to amplify the mouse /rf1
(FW, 5'-GGGAGTGGAGTGGAGCAAG-3’; REV, 5'-CCACTCGGCCTCATCATTT-3")
promoter region. ChIP performed using isotype 1gG was used as a negative control. Relative
enrichment was calculated by dividing the normalized levels of ChIP DNA to that of input
DNA at the corresponding locus.

Quantitative and statistical analyses

All phenotype data was analyzed by groups using a combination of letter and number codes
that did not specify genotypes, sex, or diet. Thus data acquisition was blinded. All data,
unless indicated, are presented as the mean + SD. All data were normally distributed passing
the KS and/or D’ Agostino and Pearson normality tests. Therefore, parametric statistics were
used in this study. The statistical significance of differences between the two groups were
analyzed by using two-way AVOVA with Bonferroni correction for multiple comparison
tests. A p-value less than 0.05 were considered significant.

Supporting information

Key reagents and resources, including the source of antibodies, chemicals, reagents, and
primer sequence are listed in Table S1 in the Supporting Information.
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CITED2 deficiency augments TLR4 mediated IRFs signhaling in macrophages

TLR4 signaling is conserved across mammalian species (17). They play a central role

in the recognition and effective expulsion of foreign agents. Thus, activation of TLR4
signaling activates broad inflammatory gene programs in immune cells. In this context,

our previous studies have shown that CITED2 restrains LPS-induced HIF1a and NFxB
signaling in macrophages (14, 15). However, whether CITED2 targets specific transcription
factors to restrain broad inflammatory gene expression programs has not been examined. To
evaluate this notion, we have utilized gene expression profiles derived from LPS challenged
bone marrow-derived macrophages (BMDMs) from Lyz2"re and Cited 2T [ yz2cre/cre
mice. Western blot analyses confirmed a substantial reduction in CITED2 protein levels

in Cited2™™. | yz2cre/ere mice BMDM s (Fig. 1A). To identify specific transcription factor
signaling pathways that are dysregulated due to CITED2 deficiency, RNAseq data were
subjected to transcription factors targets (TFT) analyses using the BROAD-Gene Set
Enrichment Analysis (GSEA) program (16). Our analyses show that LPS exposure broadly
enriched IRF1, IRF2, IRF_Q6, and STAT3 transcription factors target gene expression in
CITED?2 deficient macrophages (Fig.1B-E). As anticipated, LPS exposure significantly
elevated gene expression for a large number of IRF1, IRF2, common IRFs (IRF_Q6),

and canonical IRF1 (18) targets in Lyz2€/c"¢ mice BMDMs (Fig.1F—H). Interestingly,
expression of these IRF1, IRF2, common IRFs (IRF_Q6), and canonical IRF1 targets were
significantly and robustly elevated in CITED2 deficient BMDMs following LPS exposure
(Fig.1 F—=H). Next, we examined whether CITED2 deficiency altered the expression of

key dysregulated transcription factors following LPS challenge. Our analyses show that
LPS challenge robustly elevated /rfI expression in CITED2 deficient BMDMs (Fig.2A).

In addition, CITED2 deficiency also modestly elevated /rf2 and Irf9 expression following
challenge (Fig.2B). However, CITED?2 deficiency did not significantly alter LPS-induced
Stat3 expression in macrophages (Fig.2C). Further, we probed whether CITED2 deficiency
altered LPS-induced IRF1 target expression in macrophages. Accordingly, Lyz2¢¢/ere and
Cited2"". [ yz2cre/cre mice BMDMs were stimulated with LPS, and expression of classical
IRF1 target genes were evaluated by RT-gPCR analyses. As shown in figure 2D-F, LPS
stimulation robustly induced IRF1 target gene expression (Batf2, Ccl8, 1sg15, Ifi47, Slamf8,
Irg1, Mmp13, Dnase1l3, Kynu, Gbp3, Gbp2, and Gbp5) in Lyz2°"¢/ce mice BMDM.S.
However, CITED2 deficient BMDMSs exposure to LPS exhibited significant and substantial
increases in these IRF1 target gene expression compared to Lyz26¢/¢"¢ mice BMDMSs
(Fig.2D-F). Taken together, these results demonstrate that CITED2 deficiency augments
TLR4 signaling mediated IRF1 target gene expression in macrophages.

CITED2 deficiency promotes IFNy-induced STAT1 and IRFL1 targets in macrophages.

Past studies have established that IFN-y and TLR4 signaling utilize STAT1 to induce IRF1
expression that orchestrates broad pro-inflammatory gene programs (19). However, whether
CITED?2 deficiency affects IFNy-induced STAT1 or IRF1 signaling has not been examined.
Our analyses above (Fig.1 and 2) show that CITED2 deficiency elevates TLR4-mediated
IRFs target gene expression in macrophages. Therefore, we hypothesized that CITED?2
might restrain IFNy-induced STAT1 and IRF1 target gene expression in macrophages. To
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test this hypothesis, Lyz2"/ce and Cited2™": [ yz2¢ré/cre mice BMDMs were stimulated
with IFN+y, and total RNA samples were obtained to perform gene expression profiling
studies. The RNAseq data were evaluated for the enrichment of STAT1 (20) and IRF1 (18)
gene targets in CITED2 deficient BMDMs utilizing the BROAD-GSEA program (16). Our
analyses show that STAT1 and IRF1 inflammatory gene targets are highly enriched and
elevated in IFNy-induced CITED2 deficient BMDMSs compared to £yz2"/"¢ mice BMDMs
treated with IFNy (Fig. 3A and B). As envisioned, IFNvy challenge significantly heightened
a large number of STAT1 and IRF1 target gene expression in Lyz2"c"e mice BMDMs
(Fig.3C and D). Expression of these STAT1 and IRF1 target genes were significantly

and robustly upregulated in CITED2 deficient BMDMs following IFN+y challenge (Fig.3C
and D). Overall, these results demonstrate that CITED2 deficiency elevates IFN-y-induced
STAT1 and IRFL1 target gene expression in macrophages. Next, we assessed whether
CITED?2 deficiency influences the expression of critical transcription factors following IFNy
challenge. Our analyses show that IFN-y exposure vigorously and significantly elevated /rf1
expression in CITED2 deficient BMDMs (Fig.4A). Surprisingly, CITED2 deficiency did not
significantly affect IFNy—induced /r72, Irf9, Stat1, and Stat3 expression in macrophages
(Fig.4 B and C). Further, we evaluated whether CITED2 overexpression affects IFNvy-
induced IRF1 and its target expression in macrophages. As shown in figure-4D, CITED?2
overexpression significantly attenuated IFN-y-induced /rfZ expression in macrophages.
Concordantly, CITED2 overexpression also substantially curtailed IFNy-induced IRF1
target gene expression (/rg1, F3, Tmem140, and Dnase1l3) in macrophages (Fig.4E).
Collectively, these results show that CITED2 plays a critical role in IFN-y-induced IRF1

and its target gene expression in macrophages.

CITED2 deficient macrophages are hyperresponsive to IFNy

Inflammatory diseases are generally accentuated by the presence of IFN-y, which
increases the production of inflammatory cytokines in macrophages. Thus, IFNvy has

long been recognized as a signature pro-inflammatory cytokine that plays a central role

in inflammation and disease pathogenesis (21). Our RNAseq and GSEA studies show
that IFNy substantially elevates STAT1 and IRF1 target gene expression in CITED2
deficient macrophages (Fig.3A-D). Owing to the importance of STAT1 (22) and IRF1
(23) regulated inflammatory gene expression in vascular diseases, we assessed whether
CITED?2 deficiency alters IFNy-induced pro-inflammatory gene expression in macrophages.
Therefore, the differentially expressed STAT1 and IRF1 target gene profiles (Fig.3A-D)
were utilized as a pointer to probe the dysregulated inflammatory gene expression in
CITED2 deficient macrophages. Accordingly, Lyz2"e/e and Cited2™" | yz2cr€/ere mice
BMDMs were stimulated with IFN-y, and expression of classical inflammatory gene
targets were evaluated by RT-gPCR analyses. Our analyses show that IFN+y challenge
significantly elevated expression of /sg15, Cmpk2, Irgl, Ccl5, PtgsZ, Dnasell3, Ddit3,
1112rb2, Tmem140, Pfkfb3, F3, B2m, Ifit2, Ifi44, Eanl, Plau, Mmpl13, Cxcl2, I/1a, and
/11b expression in Lyz2€/re mice BMDMs (Fig.5A-E). Interestingly, CITED2 deficient
BMDMs challenged with IFN+y show a significant and substantial increase in these
inflammatory target gene expression compared to Lyz2"®¢"e mice BMDM s (Fig.5A—E).
Collectively, these results show that CITED2 deficient macrophages are sensitive to IFN-y
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challenge and express substantially high levels of inflammatory mediators following the
inflammatory insult.

Myeloid-CITED2 deficiency exacerbates experimental atherogenesis

Prior studies have shown that defects in TLR4 (24), IFNy (25), IRF1 (23), or STAT1 (22)
signaling significantly curtail atherosclerotic plague development /n vivo. In this context,
our analyses show that CITED2 deficiency significantly elevates TLR4, IFN+y, IRF1, and
STAT1 signaling in macrophages (Fig. 1-4). However, whether myeloid-CITED2 plays

any role in the development of atherosclerotic plaques has not yet been investigated. First,
we examined whether high-fat diet (HFD) feeding altered /fny or CitedZ2 expression in
atherosclerotic plaque macrophages. Interestingly, the HFD challenge significantly elevated
Ifny levels while repressing Cited2 expression in atherosclerotic plague macrophages (Fig.
6A and B). More importantly, IFN-y exposure significantly attenuated Cited2 expression

in murine as well as human primary macrophages (Fig. 6C and D). Next, we intended to
examine whether myeloid-CITED2 deficiency affects the development of atherosclerotic
plaques /n vivo. Accordingly, at eight weeks of age, male and female myeloid-CITED2
deficient (Cited2™1: [ yz2cre/ere: Apoe™=) and control (Lyz25"e:Apoe'~) mice on Apoe™~
background were challenged with a high-fat diet (HFD) for 20 weeks. The magnitude of
aortic surface atherosclerotic plaques development was assessed by en face preparation of
aorta and Sudan 1V staining. The quantification of aortic surface plaques area shows that
myeloid-CITED2 deficient mice exhibited a significant increase in atherosclerotic lesion
area in both sexes when compared to the control group (Fig.6E and F). To accommodate
variations arising due to differences in total aortic surface area, the percent lesion area of the
entire aortic surface area was calculated. As shown in figure-6G, myeloid-CITED2 deficient
mice challenged with HFD displayed a significantly higher percentage of atherosclerotic
lesion area when compared to the respective control group. Collectively, these results
demonstrate that myeloid-CITED2 deficiency heightens atherosclerotic disease burden in
Vivo.

Elevated pro-inflammatory milieu in CITED2 deficient mice atherosclerotic plagques

The aortic root are highly susceptible to developing atherosclerotic lesions and exhibit
hallmark changes associated with disease progression. Thus, we examined whether myeloid-
CITED?2 deficiency affects the architecture of atherosclerotic lesions /n vivo. Accordingly,
serial aortic root sections from Cited2™-1 yz2cre/cre: Apoe~'~ and Lyz2°r¢/cre:Apoe'~ mice
fed on control or HFD (20 weeks) were assessed for lipid-filled atherosclerotic plaque
development with oil red O staining. Our analyses show that myeloid-CITED2 deficiency
significantly elevated atherosclerotic plaque development in male and female mice fed

on the control diet or HFD (Fig.7A and B). Next, we examined whether elevated
cholesterol levels contribute to enhanced atherosclerotic plaque formation in myeloid-
CITED?2 deficient mice. Surprisingly, our analyses show that myeloid-CITED2 deficiency
did not significantly impact HFD-induced total cholesterol levels (Fig.7C). Clinical and
experimental studies support an important role for macrophages in the development and
progression of atherosclerotic plaques (26). A hallmark event in atherosclerotic plaque
development is the accumulation of inflammatory macrophages in the subendothelial
layers of affected blood vessels (27). Therefore, we examined whether myeloid-CITED2
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deficiency alters macrophage abundance in atherosclerotic plaque lesions. Our analyses
show that myeloid-CITED2 deficiency significantly elevates macrophage abundance in
aortic root atherosclerotic plaques on control as well as on HFD (Fig. 7D and E). The
inflammatory macrophages are known to accelerate the progression of atherosclerotic plaque
development by producing copious amounts of inflammatory cytokines, chemokines, and
matrix remodeling enzymes (27). Thus, we examined whether myeloid-CITED2 deficiency
alters IRF1 regulated inflammatory gene expression in atherosclerotic plaque macrophages.
As shown in figure-8A, myeloid-CITED2 deficiency (Cited2™1: [ yz2cre/cre - Apoe!-)
significantly and substantially elevated HFD challenged expression of /rfZ and IRF1-
regulated pro-inflammatory gene targets such as //1a, /116, Ccl5, Plau, F3, Mmp13, and
Cxcl2 expression in atherosclerotic plague macrophages. Next, we assessed whether this
shift in the inflammatory milieu was observed at a systemic level. Accordingly, blood
plasma samples derived from Cited 2" yz2cre/cre ;Apoe™!~ and Lyz26e/e: Apoe'~ mice
fed on control or HFD (20 weeks) were evaluated for inflammatory cytokines levels. As
shown in figure-8B, the blood plasma level of IL1a, IL1B, TNF, and IL6 were significantly
elevated in myeloid-CITED2 deficient mice (Cited2f:1 yz2cre/ere . Apoe'~) compared

to the control mice group (Lyz2°¢"e :Apoe™'~) following HFD challenge. Together,

these results show that myeloid-CITED2 deficiency significantly elevates IRF1-regulated
pro-inflammatory gene expression in atherosclerotic plaque macrophages, establishes
systemic pro-inflammatory milieu, and promoters macrophage abundance in lipid-filled
atherosclerotic plaques.

CITED2 deficiency boosts STAT1 mediated IRF1 expression in macrophages

Our studies thus far have demonstrated that CITED2 deficiency elevates IRF1 target gene
expression in cultured as well as atherosclerotic plaque macrophages (Fig.1-5 and 8).
Therefore, we examined whether CITED2 deficiency affects IFN-y-induced IRF1 protein
expression in macrophages. Accordingly, Lyz2¢¢/e and Cited2 [ yz2¢re/ce mice BMDMs
were stimulated with IFNy and IRF1 protein levels were evaluated by western blot
analyses. As shown in figure-9A, CITED2 deficient BMDMs exposure to IFN-y displayed
a robust and substantial increase in IRF1 protein expression compared to Lyz2ere/ere

mice BMDMs (Fig.9A). Prior reports have established that TLR4 and IFNy signaling
utilize STAT1 to induce IRF1 expression (19). Therefore, we hypothesized that CITED?2
deficiency enhances STAT1 activation in macrophages. To test this notion, Lyz2°"¢cre and
Cited2™1. [ y7267e/cre mice BMDMs were stimulated with IFN+y, and total protein extracts
were evaluated for expression and phosphorylation status of STAT1 (Fig.9B). Densitometry
analyses of phospho-STAT1 western blots show that CITED2 deficiency did not alter
IFN-y-induced phosphorylation (Tyr-701) or expression of STAT1 in macrophages (Fig.9C).
Our earlier data (Fig.1 and 3) show that CITED2 regulates STAT1 and IRF1 functions.
Therefore, we examined whether altering CITED2 levels affects IFN-y-induced STAT1
transcriptional activity in macrophages. Accordingly, RAW264.7 cells were cotransfected
with STAT1 cis element-driven luciferase reporter plasmid in the presence of Cited?
specific SiIRNA or pCMV- CitedZ plasmid. These cells were stimulated with IFN+y, and
luciferase activities were recorded. Our analyses show that CITED2 knockdown augments
and CITED2 overexpression attenuates IFN-y-induced STAT1 luciferase reporter activity in
macrophages (Fig.9D and E). Collectively, these results indicate that CITED2 restrains
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STAT1 functions without modulating the phosphorylation status of STAT1. Previous

studies show that transcriptional activation domains (TADs) of the STAT1 directly interact
with the transcriptional adaptor zinc-binding 1 (TAZ1) domain of CBP/p300 to initiate
IFNy-induced transcription (28, 29). The CITED2 TAD domain binds to the TAZ1

domain of CBP/p300 with very high affinity (30). This high-affinity CITED2 binding

could potentially displace STAT1 interaction with coactivator CBP/p300 and subsequently
eject STAT1 from the transcriptional complex. Therefore, we evaluated whether CITED2
deficiency alters IFN-y-induced STAT1 enrichment on target gene promoter. Accordingly,
Lyz2 cré/cre and Cited2™1: [ yz2 cré/cre mice BMDMSs were stimulated with IFN-y, and
chromatin immunoprecipitation (ChlP) was performed using anti-STAT1 and anti-CITED2
antibodies (Fig.9F). The ChIP samples were analyzed for STAT1 and CITED2 enrichment
on the IRF1 promoter (—63 to —214) region by using site-specific primers. Our analyses
show that CITED2 deficiency significantly enhances IFNy-induced STAT1 enrichment on
Irf1 promoter (Fig.9F). The IFN-y challenge also elevated CITED2 recruitment on IRF1
promoter (-63 to —214) in Lyz2 €%’ mice BMDMs, and these effects were not observed in
Cited2: | y72 €re/cre mice BMDMs (Fig.9F). Collectively, our analyses show that CITED2
deficiency enhances STAT1 enrichment on IRF1 promoter and elevates IRF1 mRNA/protein
expression in macrophages.

Inhibition of IRF1 abates inflammatory response in CITED2-deficient macrophages

Our analyses so far show that CITED2 deficiency elevates IFNy-induced IRF1 mRNA/
protein expression and attendant pro-inflammatory gene expression in macrophages.
Therefore, we assessed whether elevated pro-inflammatory gene expression in CITED2-
deficient macrophages are IRF1 dependent. We employed siRNA knockdown approaches
to attenuate IRF1 expression in primary macrophages. Accordingly, Lyz2 €"¢/cré and
Cited 21 yz2 cre/cre mice BMDMs were transfected with IRF1-specific siRNA. These
BMDMs were stimulated with IFNy, and classical IRF1 target gene expression was
analyzed by RT-gPCR (Fig.9G). As anticipated, IFNvy challenge dramatically elevated the
IRF1 target gene ( 7mem140, Dnasell3, F3, and /rg1) expression in CITED2-deficient
macrophages (Fig.9G). Interestingly, loss of functional IRF1 signaling was sufficient to
attenuate heightened 7memi140, Dnasell3, F3, and /rg1 expression in CITED2 deficient
macrophages (Fig.9G). Collectively, these results demonstrate that CITED2 limits pro-
inflammatory gene programs by restraining STAT1-IRF1 signaling axis in macrophages
(Fig.10).

Discussion

The principal findings of this study are as follows: (7) CITED2 deficiency augments

TLR4 mediated IRFs target gene expression in macrophages, (7/) CITED2 deficiency

boosts LPS-induced IRF1-regulated pro-inflammatory gene expression in macrophages, (7/f)
CITED?2 deficiency heightens IFNy-induced STAT1 and IRF1 target gene expression in
macrophages, (7v) CITED2 deficient macrophages are hyperresponsive to IFNy-challenge,
(v) Myeloid-CITED2 deficiency exacerbates atherogenesis in vivo, (vi) Myeloid-CITED2
deficiency enhances macrophage abundance, and atherosclerotic lesion development in
atheroprone aortic sinus regions, (v/) myeloid-CITED2 deficiency elevates IRF1-regulated
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pro-inflammatory gene expression in atherosclerotic plague macrophages and establishes
systemic pro-inflammatory milieu, (viii) CITED2 deficiency promotes STAT1-regulated
IRF1 expression in macrophages, (7x) CITED2 deficiency elevates IFNy-induced STAT1
enrichment on /rfZ promoter, and (x) IRF1 knockdown reverts elevated pro-inflammatory
gene expression in macrophages. Overall, our study findings show that CITED2

curtails STAT1-IRF1 axis-mediated inflammatory gene expression and curb diet-induced
atherogenesis /n vivo (Fig.10).

Macrophages are the principal component of the innate immune system. Macrophage
inflammatory response primarily depends on the tissue microenvironment that dictates

their functional phenotype (31). Macrophages that are exposed to foreign agents such

as inflammatory cytokines, bacterial endotoxins or DNA, robustly elevate transcriptional
machinery to elicit an effective inflammatory response (31). Multiple negative regulatory
mechanisms must exist in the cellular system to constrain inflammatory response in a
spatiotemporal manner and curtail unwanted activation of macrophages in the resting stage
to maintain the quiescence state. In this context, our previous studies have demonstrated
that CITED?2 serves as a cell-intrinsic negative regulator of inflammatory gene expression
in macrophages and neutrophils (15). Specifically, our prior studies have shown that
CITED?2 deficiency elevates LPS-induced NFxB and HIF1a transcriptional activity in
macrophages (14, 15). Further, we have also documented that CITED2 deficiency elevates
NFxB or HIF1a dependent pro-inflammatory gene expression in innate immune cells

(14, 15). In addition, our earlier studies have also shown that CITED2 interacts with
PPARy to promote IL4-induced anti-inflammatory gene expression in macrophages (14).
Loss of functional CITED2 dramatically attenuated IL4 or rosiglitazone-induced PPAR-y
transcriptional activity and target gene expression in macrophages (14). These observations
provide strong evidence that macrophages utilize CITED? as a cell-intrinsic negative
regulator inflammatory response. At the transcriptional level, it is also important to

note that CITED2 interacts with a wide variety of transcription factors/modulators such

as peroxisome proliferator-activated receptor alpha/gamma (PPARa/y) (14), hepatocyte
nuclear factor 4 alpha (HNF4a) (32), hypoxia-inducible factor 1 alpha (HIF1a) (33),
histone deacetylase 1 (HDAC1) and estrogen receptor (ER) (34), and thereby affecting gene
expression. In this context, our previous gene expression profiling studies have indicated
that CITED2 deficiency elevates IFNy as well as IFNa response in macrophages (15).
These observations provided the initial notion that CITED2 could regulate IFN-y-induced
inflammatory response in macrophages. It is well established that IFNy utilizes STAT1-IRFs
signaling to facilitate pro-inflammatory gene expression in macrophages. In this study, our
GSEA of transcriptomics studies have shown that CITED2 deficiency significantly elevates
IRF1, IRF2, and STAT3 target gene expression in macrophages. Further, our additional ex
vivo analyses also show that the LPS challenge robustly elevated a large number of classical
IRF1 targets in CITED2 deficient macrophages. Broadly, these results indicate that CITED2
restrains TLR4 mediated IRF1 pro-inflammatory target gene expression in macrophages.

IFNYy is a host-derived potent pro-inflammatory agent that essentially regulates all
components of inflammatory disease pathogenesis (21). The binding of IFNy to its cell
surface receptors triggers tyrosine phosphorylation of STAT1, which translocates into the
nucleus, and binds to the gamma interferon activation site (GAS) sequences on the target
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gene promoter (19). This results in the induction of a large number of inflammatory

genes, including IRFs in target cells (20). The activated STAT1 could engage with IRF1

to maintain the heightened expression of inflammatory genes in macrophages. Our previous
studies have implicated that CITED2 deficiency could elevate IFN-y/IFNa signaling in
macrophages (15). However, whether CITED2 regulates IFNy-induced STAT1, or IRF1
functions has never been addressed. In this context, our studies observed that CITED2
deficiency did not affect basal or IFN-y-induced STAT1 expression or STAT1 tyrosine
phosphorylation in macrophages. Instead, we have identified that CITED2 deficiency
elevates STAT1 mediated IRF1 mRNA/protein expression in macrophages. This resulted

in an overall increase in IRF1-regulated inflammatory gene expression in CITED2 deficient
macrophages. Prior biochemical studies have shown that transcriptional activation domains
(TADs) of the STAT1 directly interact with the transcriptional adaptor zinc-binding 1
(TAZ1) domain of CBP/p300 to initiate the effective target gene transcription (28, 29).
However, the CITED2 TAD domain also binds to the TAZ1 domain of p300/CBP with

a very high affinity (30). This results in the displacement of STAT1 interaction with CPB/
p300 and rapid attenuation of target gene expression. However, whether CITED2 deficiency
affects STAT1 enrichment on target gene promoters in primary macrophages has not been
previously reported. In this regard, our current report shows that the IFN-y challenge elevates
CITED?2 recruitment on IRF1 promoter and restrained STAT1 recruitment. Thus, CITED2
deficiency resulted in robust and sustained recruitment of STAT1 on the IRF1 promoter.
This resulted in a substantive increase in STAT1 and IRF1 regulated inflammatory gene
expression in CITED2 deficient macrophages. Thus, we postulated that CITED2 suppresses
IFN-y-induced STAT1-IRF1 signaling axis in macrophages. Further, IFN+y signaling could
also synergize with TLR-signaling to increase the expression and stability of mRNAs
encoding for inflammatory mediators. Thus, our observations might be applicable to other
inflammatory disease conditions where IFNy and TLR signaling are operative in disease
pathogenesis. Previous studies have shown that CITED? interacts with HDAC1 following
TGF-p stimulation and potentiate MY C-HDAC1 complex formation (35). However, MYC
expression in macrophages are associated with anti-inflammatory gene expression (36).
Pro-inflammatory cytokine exposure significantly attenuated MY C protein expression in
macrophages. It is possible that anti-inflammatory cytokine exposure could induce CITED2
interaction with HDACL1 to modulate anti-inflammatory gene expression in macrophages.
Further studies are needed to clarify this concept.

Earlier studies have implicated a role for IFN+y-signaling in atherogenesis (25). Immune
cells within the atherosclerotic plaques produce a copious amount of IFNy. Atherogenic
effects of IFNy have been demonstrated in murine models where exogenous administration
of IFNy enhances atherosclerotic plaque formation (25) while genetic deficiency of

IFNy reduced plaque size (37). IFNvy within the plaques affects many cell types,

including macrophages, T-cells, endothelial cells, and smooth muscle cells (38). IFNy
exposure elevates cell surface adhesion molecules in leukocytes as well as endothelial

cells that facilitate leukocyte rolling, binding to endothelial cells, and extravasation of
leukocytes (38). IFNy also contributes to the destabilization of mature lesions by blocking
the proliferation of smooth muscle cells and collagen synthesis while elevating matrix
metalloproteinase synthesis (38). In this context, our analyses show that CITED2 deficiency
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robustly elevates IFN-y-induced pro-inflammatory gene expression in macrophages. Further,
myeloid-CITED2 deficiency significantly elevated basal and diet-induced aortic surface
atherosclerotic lesions formation 7n vivo. Similarly, heightened macrophage abundance

and atherosclerotic lesion formations were observed in aortic sinuses of myeloid-CITED2
deficient mice.

It is important to note that IFN-y and TLR4 ligands exert pro-inflammatory effects through
STAT1 activation (19). Recent reports have shown that STAT1 acts as a central nexus point
for the integration of TLR4 and IFNy signaling to promote pro-atherogenic responses in
human atherosclerosis (39). Prior studies have shown that STAT1 deficiency attenuates
aortic root and aortic surface atherosclerotic lesions formation /n vivo (22). Interestingly,
STAT1 also interacts with IRF1 to facilitate the expression of pro-inflammatory gene targets.
However, recent studies have also demonstrated that IRF1 deficiency is protective against
diet-induced atherogenesis (23). In this regard, our analyses show that the number of

IRF1 regulated pro-inflammatory target genes are significantly elevated in myeloid-CITED2
deficient mice atherosclerotic plaques. Interestingly, our analyses also show that some of

the non-IRF1 inflammatory target gene expression were not significantly altered in these
atherosclerotic plaque macrophages (data not shown). Therefore, our future studies will
evaluate whether genetic or pharmacological inhibition of IRF1 in CITED2 deficient could
reverse elevated atherosclerotic plague formation 7 vivo. In addition, our studies have not
identified any specific mechanisms for increased macrophage numbers that are observed

in CITED2 deficient mice atherosclerotic plagues. Number of processes such as increased
systemic inflammation, cellular migration, proliferation, survival, and reduced apoptosis and
cellular clearance could account for these differences. CITED2 deficiency also augmented
STAT1 and IRFL1 target gene expression following inflammatory challenge. At the molecular
level, CITED2 restrains STAT1 recruitment on the IRF1 promoter and attenuates IRF1
mRNA/protein expression in macrophages. Indeed, inhibition of IRF1 reversed elevated
pro-inflammatory gene targets in CITED2 deficient macrophages. Collectively, our current
studies show that CITED? restrains STAT1-IRF1 signaling in macrophages and alleviates
diet-induced atherogenesis.
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Figure 1. CITED2 deficiency augments | RF target gene expression in macrophages.
(A) Total protein extracts from Lyz2¢"¢/¢re and Cited 2™ -1 yz2¢¢/c¢ mice BMDMSs were

evaluated for CITED2 expression by western blot. (n=3). Actin was used as housekeeping
gene. (B) Lyz2cre/cre and Cited 2" yz2¢¢/c¢ mice BMDMs were challenged with 100
ng/ml of LPS for four hours. The total RNA samples were subjected to RNAseq

analyses. The RNAseq data were subjected to gene set enrichment analyses (GSEA) using
transcription factors targets (TFT) gene sets. FWER P-value less than 0.05 was considered
significant (n=3). (C-E) The enrichment plots of indicated gene set were obtained by
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comparing Lyz2¢"é/cre and Cited2"f: [ yz2¢re/cre mice BMDMs RNAseq data following LPS
treatment in the GSEA program (n = 3). (F-H) Heatmaps of genes that are IRF1-IRF2
targets (F), IRF_Q6 targets (G), and canonical IRF1 targets (H) and are significantly
upregulated in LPS-induced Cited2™:1 yz2¢re/cre mice BMDMs compared to Lyz2ere/ere
mice BMDMs treated with LPS. (n=3). FWER P-value *P < 0.05; **P < 0.01; ***P < 0.001.
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Figure 2. CITED2 deficiency boosts | RF1 target gene expression.
Lyz2cre/ere and Cited21:1 yz26re/ce mice BMDMs were stimulated with 100 ng/ml of LPS

for four hours. (A-C) Total RNA samples were evaluated for expression of /rf1 (A), Irf2

and /rf9(B), and Stat3(C) by RT-qPCR analysis. (D-F) Lyz2e¢/e and Cited2™:1 yzocre/ere
mice BMDMs were stimulated with 100 ng/ml of LPS for four hours. Total RNA samples
were evaluated for expression of Batf2, Ccl8, 1sg15, Ifi47, Slamf8, Irgl, Mmpl13, Dnasell3,
Kynu, Gbp3, Gbp2, and Gbp5by RT-gPCR. 36B4 was used as a housekeeping gene for
RT-gPCR analysis. All the experiments were performed four independent times with four
replicates. Values are reported as mean + SD. Data were analyzed by ANOVA followed by
Bonferroni post-testing. *£< 0.05, **P< 0.01 and ***P,<0.001.
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Figure 3. CITED2 deficiency exalts STAT1 and | RF1 targetsin macrophages.
Lyz2erelere and Cited 21 yz2¢re/cre mice BMDMs were challenged with 10 ng/ml of

IFNy for six hours. The total RNA samples were subjected to RNAseq analyses. (A

and B) The RNAseq data were subjected to gene set enrichment analyses (GSEA) using
previously identified STAT1 and IRF1 gene targets. The enrichment plots of STAT1 (A)
and IRF1 (B) gene sets that were obtained by comparing IFN<y-induced Lyz2¢7€/6re and
Cited2™1-1 yz26re/ere mice BMDMSs RNAseq data are shown. FWER P-value less than 0.05
was considered significant (n=3). (C and D) Heatmaps of STAT1 target genes (C) and IRF1
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target genes (D) that are significantly upregulated in IFN-y-induced Cited2™1 yz2cre/ere
mice BMDMs compared to IFNYy treated Lyz2"¢C"¢ mice BMDMs. (n=3).
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Figure 4. CITED2 modulates | FNy-induced |RF1 expression.
(A-C) Lyz2ere/cre and Cited21:1 yz2cre/ere mice BMDMs were stimulated with 10 ng/ml of

IFNy for five hours. Total RNA samples were evaluated for expression of /rf1 (A), /172,
1rf9 (B), and Stat and Stat3 (C) by RT-gPCR analysis (n=4). (D and E) RAW264.7 cells
were transfected with control or pCMV6-Cited? plasmid were stimulated with 10 ng/ml of
IFNy for five hours. Total RNA samples were analyzed for expression of /rf1 (D), Irg1, F3,
Tmem140and Dnasell3 (E) by RT-gPCR (n=3). 36B4 was used as a housekeeping gene.
Values are reported as mean + SD. Data were analyzed by ANOVA followed by Bonferroni
post-testing. N.S.- Not significant, **~< 0.01 and ***/~<0.001.
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Figure 5. CITED2 deficient macrophages are hyperresponsiveto | FNy.
(A-E) Lyz2ere/ere and Cited 2™ yz2¢r/cre mice BMDMSs were stimulated with 10 ng/ml of

IFNy for five hours. Total RNA was obtained and evaluated for expression of /sg15, Cmpk2,
Irg1, Ccl5, Ptgs2, Dnasell3, Ddit3, 1112rb2, Tmem140, Pfkib3, F3, B2m, Ifit2, Ifi44, Ednl,
Plau, Mmp13, Cxcl2, I/1a, and //1bby RT-gPCR. 36B4 was used as a housekeeping gene for
RT-gPCR analysis. All the experiments were performed three independent times with three
replicates. Values are reported as mean + SD. Data were analyzed by ANOVA followed by
Bonferroni post-testing. *~ < 0.05, **P< 0.01 and ***P<0.001.
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Figure 6. Myeloid-CI TED2 deficiency aggravates ather osclerotic plaque development.
(A and B) Atherosclerotic plague macrophages were obtained from Apoe-null mice fed

on a western-style high-fat diet (HFD) or control diet for 20 weeks. Expression of

Ifny and Cited2 were analyzed by RT-gPCR analyses. (C and D) Mouse thioglycolate-
elicited peritoneal macrophages (C) and human monocyte-derived macrophages (D) were
stimulated with 20ng/ml IFN-y for 8 hours. Total RNA samples were evaluated for
CITED2 expression by RT-gPCR analyses. (E) Female and male Lyz2°"é/e:Apoe'~

and Cited2™. | yz2cre/re . Apoe=/~ mice were fed on a western-style high-fat diet for 20
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weeks. Aortas were harvested at the end of the feeding period and stained for lipid-filled
atherosclerotic plaques by using Sudan IV stain. Representative en face preparation of entire
aortas stained with Sudan IV are shown. The atherosclerotic plaques are stained in orange/
red. (F and G) Quantification of atherosclerotic lesion area (F) and percent lesion area (G)
of the entire isolated en face aortic area was calculated. The dot plot represents the mean
with standard deviation. (n=12). Data were analyzed by ANOVA followed by Bonferroni
post-testing. *** p < 0.001. Scale bar=0.5 cm.
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Figure 7. Effects of Myeloid-CI TED2 deficiency on aortic root atherosclerotic lesion formation.
Eight weeks old male and female Lyz2""e:Apoe™~ and Cited2™T. [ yz2cr¢/cre - Apoe'=

mice were fed on a western-style high-fat diet or control diet for 20 weeks. Aortic

sinuses were harvested at the end of the feeding period and embedded in the optimal
cutting temperature compound. (A and B) The aortic sinus serial sections were stained for
lipid-filled atherosclerotic lesions with Oil Red O and counterstained with hematoxylin.
Representative images of Oil red O stained aortic root sections from control and high-fat

at the end of 20 weeks are shown (A). Scale bar represents 0.5 mm. The quantification

of the aortic root lesions area were performed by using ImageJ software. The graph on

the right represents quantification of the Oil Red O-positive lesion area in control and
high-fat diet-fed Lyz2"€’ere:Apoe!~ and Cited 2" [ yz2cre/cre - Apoe™~ mice (B). (n=10).
(C) Blood samples were collected at the end of the feeding period and total plasma
cholesterol levels were quantified (n=10). The dot plot represents the mean with standard
deviation. (D and E) The aortic sinus serial sections were stained for macrophages by using
an anti-F4/80 antibody. Representative images of F4/80 stained aortic root sections from
control and high-fat at the end of 20 weeks are shown (D). Scale bar represents 0.5 mm. The
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graph on the right represents quantification of the macrophage area in control and high-fat
diet-fed Lyz2c¢e:Apoe™'~ and Cited2™": L yz2¢¢/ce: Apoe™'~ mice (E). (n=10). The box
plot represents the median with first and third quartiles, and whiskers represent minimum/
maximum. Data were analyzed by two-way AVOVA. *P< 0.05, **P< 0.01 and ***P
<0.001.
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Figure 8. CITED2 deficiency elevates ather osclerotic plaque inflammatory milieu.
Eight weeks old Lyz2"e:Apoe™'~ and Cited2™": | yz26r¢/ere; Apoe!~ mice were fed on

a western-style high-fat diet or control diet for 20 weeks. (A) Atherosclerotic plaque
macrophages were obtained by using anti-F4/80 microbeads (n=5). Total RNA samples
derived from these macrophages were evaluated for expression of /rf1, I/1a, I/1b, Ccl5, Plau,
F3, Mmp13, and Cxc/2by RT-gPCR analyses. 36B4 was used as a housekeeping gene. (B)
Blood plasma samples from these mice were assessed for IL1a, IL1B, TNF, and IL6 levels
by using ELISA kits (n=5). Data were analyzed by two-way AVOVA. *P< 0.05, **P< 0.01
and ***P<0.001.
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Figure9. CITED2 restrains | FNy-induced STAT 1-IRF1 signaling in macr ophages.
Lyz2cre/ere and Cited 2™ yz2¢€/ere mice BMDMs were stimulated with 10 ng/ml IFN-y.

(A-C) Total protein samples were analyzed for the expression of IRF1 (A), phospho-
STATL, and total STAT1 (B) by western blot. (n=3). The phospho-STAT1 levels were
quantified by densitometry analyses (C). (D and E) RAW264.7 cells were transfected with
a STAT1-driven luciferase reporter construct in the presence of Cited2-specific sSiRNA (D)
or pCMV6-Cited2 plasmid (E). These cells were stimulated with 10 ng/ml of IFN-y for

18 hours, and cell lysates were analyzed for luciferase activity. (n=3). (F) Lyz2°"¢/¢ and
Cited2™1: y72¢re/cre mice BMDMs were stimulated with 10 ng/ml of IFN+y for one hour,
and ChlIP analysis was performed on /rfI promoter (—63 to —214) utilizing anti-STAT1,
anti-CITED2 antibodies (n=3). ChIP analyses performed using isotype 1gG were used as a
negative control. (G) Lyz2"®¢re and Cited2"1:[ yz2¢ré/cre mice BMDMs were transfected
with control or /rfi-specific SiIRNA. These cells were stimulated with 10 ng/mL of IFNy
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for 3 hours. Total RNA samples from these experiments were analyzed for expression

of Tmem140, Dnasel1l3, F3, and /rg1 by RT-qPCR (n=3). Actin and 36B4 were used

as housekeeping genes for western blot and RT-gPCR analyses, respectively. Values are
reported as mean + SD. The box plot represents the median with first and third quartiles,
and whiskers represent minimum/maximum. Data were analyzed by ANOVA followed by
Bonferroni post-testing. NS not significant; *P < 0.05; **P < 0.01; ***P < 0.001
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STAT1 and IRF1 targets
Pro-inflammatory genes [—
Vascular disease pathogenesis

Figure 10. CITED2 alleviates inflammatory disease pathogenesis.
CITED?2 attenuates inflammatory agent-induced STAT1-IRF1 signaling axis, pro-

inflammatory gene expression, and inflammatory vascular disease pathogenesis /n vivo.
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