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ARTICLE INFO ABSTRACT

Handling Editor: Dr Y Renaudineau Objectives: HLA-DRB1 is associated with an increased risk of cardiovascular disease in patients with rheumatoid

arthritis (RA). This study aimed to determine the effect of HLA-DRB1 on atherosclerotic cardiovascular disease

Keywords: (ASCVD) using a novel mouse model.

Rheumatoid z{rthritis Methods: Mice transgenic for HLA-DRB1*04:01 (DR4tg) were crossed with low density lipoprotein receptor
:;}ilre;;)lsi‘zrg:iz knock-out (Ldlr /™) mice that develop atherosclerosis when fed a high fat, high cholesterol (HFHC) diet. Male
HLA-DRB1 and female DR4tgLdlr /~ (n = 48), Ldlr /= (n = 24), DR4tg (n = 24), and C57B1/6 (B6) background (n = 24)

mice were fed HFHC or regular diet (RD) for 12 weeks. Blood samples were analyzed for serum lipoproteins using
a colorimetric assay. C-reactive protein (CRP) and oxidized LDL (OxLDL) were measured using ELISA. Athero-
sclerosis in the aortas was assessed using the lipid stain, Sudan IV. The presence of citrulline in atherosclerotic
plaque was determined by immunohistochemistry.

Results: Sera low-density lipoprotein cholesterol (LDL-C) levels were higher in HFHC-fed Ldlr~~ versus
DR4tgLdlr/~-; p = 0.0056, but the aortic plaque burden and degree of citrullination in the plaque were similar
for these two strains. The ratio of pro-atherogenic OXLDL to LDL levels was higher in DR4tgLdlr /= than Ldlr/
“mice; p = 0.0017. All mice had an increase in CRP when fed a HFHC diet, most pronounced for DR4tgLdlr/~; p
= 0.0009. There were no significant sex differences for DR4tgLdlr/~ mice; however, male Ldlr /~ mice had
worse atherosclerosis. B6 and DR4tg mice did not have significant elevations in serum cholesterol levels and did
not develop atherosclerosis.

Conclusions: Expression of HLA-DRB1 resulted in an elevation of OXxLDL and a reduction in the male bias for
atherosclerosis, mimicking what is observed in RA.
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1. Introduction
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The HLA-DRBI1 gene encodes the major histocompatibility complex
IT (MHCII) that binds and presents antigens to T cells. Several HLA-DRB1
alleles have been associated with various autoimmune and inflamma-
tory conditions, including rheumatoid arthritis, polymyalgia rheuma-
tica, giant cell arteritis, systemic lupus erythematosus, type I diabetes,
and atherosclerotic cardiovascular disease (ASCVD) [1-5]. The role of
HLA-DRB1 in the pathogenesis of immune dysfunction is best described
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for rheumatoid arthritis (RA), a chronic inflammatory arthritis affecting
approximately 0.5% of the global population with higher rates in North
America [6].

In RA, HLA-DRB1 alleles encoding MHCII molecules with a
consensus sequence in the antigen binding pocket known as the Shared
Epitope confer the strongest genetic risk for RA across diverse ethnic and
racial groups [7,8]. The Shared Epitope binds strongly to peptides
containing the post-translationally modified amino acid, citrulline
leading to the activation of T and B cells and subsequent production of
anti-citrullinated protein antibodies (ACPA) [1,9,10]. ACPA are detec-
ted in >70% of RA patients, strongly associated with the Shared Epitope,
highly specific for RA and predictive for erosive joint disease [1,11,12].
Although RA primarily affects synovial joints, ACPA may also directly
cause injury to tissues in multiple organ systems, including the cardio-
respiratory systems [13,14]. The risk of ASCVD in RA has been reported
to be 50% higher than in the general population and this increased risk is
more pronounced in RA patients expressing ACPA and/or the Shared
Epitope [15,16]. The mechanisms by which ACPA and/or the Shared
Epitope contribute to ASCVD in RA are unknown.

To better understand the role of HLA-DRBI1 in the pathogenesis of
atherosclerosis, we aimed to create and characterize a novel animal
model. We bred HLA-DRB1*04:01 transgenic mice (DR4tg) [17] with a
well-established model for atherosclerosis, low-density lipoprotein
(LDL) receptor knock-out (Ldlr /™) mice [18,19]. Herein we describe the
effect of HLA-DRB1*04:01 expression on lipid levels, systemic inflam-
mation and atherosclerosis severity on the Ldlr/~ mouse model.

2. Materials and methods
2.1. Mice

B6.12597-Ldlr™/J mice (referred to as Ldlr ™) on C57Bl/6 (B6)
background (The Jackson Laboratory, Maine, USA) and HLA-
DRB1%04:01 transgenic mice (DR4tg) on a B6 background [17] were
bred in-house. B6 mice were purchased from The Jackson Laboratory
(Maine, USA). DR4tg mice were crossed with Ldlr/"mice for 5 gener-
ations to establish a novel strain, DR4tg Ldlr/~. Genotyping was per-
formed at Lawson Health Research Institute, London, Ontario to confirm
the absence of the low-density lipoprotein receptor and the presence of
the HLA-DRB1*04:01 insert (Supplementary Fig. 1). All experiments
included male and female mice. Mice were housed and handled at the
Animal Care and Veterinary Services barrier facility at Western Uni-
versity according to the guidelines of the Canadian Council on Animal
Care. The study (protocol #2018-131) was approved by the Animal Care
and Use Committee (Western University, London, ON, Canada).

After weaning, mice were fed a regular diet (RD) (Envigo, 8904:
4.7% fat, 40.2% carbohydrate, 24.3% protein) until they were 6-8
weeks old, then randomized to a high sucrose, high fat, high cholesterol
diet (HFHC, Envigo: 21.2% fat, 48.7% carbohydrate, 17.3% protein,
0.2% cholesterol) or RD for 100 days and sacrificed. Mice were weighed
at the beginning and end of the study. At sacrifice, blood was collected,
and hind limbs, liver, heart, and aorta were harvested and fixed in 10%
buffered formalin (Fisher Scientific, 245-685). Additionally, fat pads
were dissected and weighed as a surrogate measure of centripetal
obesity.

2.2. Serum lipid and C-reactive protein levels

Serum cholesterol, low-density lipoprotein cholesterol (LDL-C), and
high-density lipoprotein (HDL-C) concentrations were determined using
a colorimetric assay kit (Abcam, ab65390). Serum oxidized low density
lipoprotein (OxLDL) was measured using ELISA (Lifeome Biolabs Inc,
E07933m-96). Samples were tested in duplicate. C-reactive protein
(CRP) serum concentrations were determined, in duplicate, using an
ELISA kit (Abcam, ab157712).
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2.3. Preparation of aorta

Periadventitial tissue was removed from the aortas. Aortic lipids
were then stained with 5 mg/mL Sudan IV (Sigma, 198,102) for 40 min
at 37 °C. Aortas were then washed in 70% isopropanol for 5 min at
37 °C, transferred to a dish containing 5% agarose and prepared en face.
Aortic plaque burden was quantified as plaque area divided by total
aortic area [20].

2.4. Histopathology

Formalin-fixed liver and aortic sinuses were sectioned at 5 pm
thickness and stained with hematoxylin (Leica Biosystems, 3801562)
and eosin (Fisher Scientific, E511) (HE). Liver sections were blindly
assessed for non-alcoholic fatty liver disease using a modified scoring
system based on Liang et al. [21]. In short, macrovesicular steatosis,
microvesicular steatosis, hepatocyte hypertrophy and inflammatory cell
foci were scored from 0 to 3 based on the area of involvement or number
of inflammatory foci per microscopic field (100x, 3.1 mmz), for a
maximum total score of 12. Hepatic fibrosis was not assessed in this
model. Citrullinated proteins were detected in the aortic sinus using an
anti-modified citrulline (AMC) detection kit (Sigma Canada, 17-347B).
Sections were permeabilized with a 0.25% triton-x solution in phosphate
buffered saline (PBS) for 10 min at room temperature (RT). Antigen
retrieval was performed using a trypsin retrieval kit (Abcam, ab970) at
RT for 20 min. Endogenous peroxidases were quenched using a 3% so-
lution of hydrogen peroxide and the samples were blocked with 10%
goat serum (Thermo Fisher Scientific, PCN5000) in PBS for 30 min. AMC
and a monoclonal human IgGl lambda isotype control (Abcam,
ab206203) were diluted in 1% goat serum to 0.0005 mg/mL and incu-
bated at 4° overnight. Then, the sections were treated with the sec-
ondary antibody provided with the AMC kit (1/200 dilution in PBS and
1% goat serum) for 30 min at RT. Modified citrulline was visualized
using ImmPact AMEC red substrate (Vector labs, SK-4285) and tissue
was counterstained with Harris Hematoxylin (Leica Biosystems,
3801562). Slides were mounted using water-based mounting media
(Vector, H-5501) and digitized on a Leica DM1000 (200x magnifica-
tion). The surface area of tissue containing modified citrulline within the
total plaque area was determined using ImageJ [22].

2.5. Statistical analyses

All statistical analyses were performed using GraphPad (version
9.2.0). Two-way ANOVA with multiple comparisons and Bonferonni’s
correction was used for analyses with >2 groups and Mann-Whitney to
compare two groups. A p-value of <0.002 was considered significant.

3. Results
3.1. Weight distribution in mice fed a HFHC diet

All mice gained weight regardless of diet. However, B6 mice fed a
HFHC diet compared to RD had significantly more weight gain (Fig. 1A):
% increase in median weight [95% confidence interval (CI)] of 49.7
[40-70.1] vs. 23.3 [14.3-29]; p < 0.0001. Fat pad mass was signifi-
cantly increased in Ldlr/~ on the HFHC diet vs. RD (Fig. 1B): 1.6
[1.1-1.91% vs. 0.6 [0.5-1.1]%; p = 0.0016. Similarly, HFHC-fed
DR4tgLdlr/~ mice had a larger increase in fat pad mass than those
fed RD: 1.4 [1.2-2.1]1% vs. 0.3 [0.3-0.4]%; p < 0.0001 (Fig. 1B). Male
and female mice had similar weight gain and fat pad mass (Fig. 1).

3.2. Effect of HLA-DR4 on circulating lipid levels, and CRP
As expected, the HFHC diet induced hypercholesterolemia in Ldlr /'~

with a median value [95% CI] of 2460.0 [1812-2643] mg/dL compared
to 289.6 [263.3-416.2] mg/dL in RD-fed mice of the same strain, p <
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Fig. 1. DR4tgLdlr /" mice fed a HFHC diet had an increase in fat pad mass.
Weight gain (A) and fat pad mass (B) of male (triangles) and female (circles)
mice fed a RD (grey; n = 6-10) or HFHC diet (black; n = 6-13). Data are
presented as median with 95% CI. Weight gain is reported as the % of weight
gain at 100 days from baseline weight. Fat pad mass is reported as the % of total
body weight at 100 days. **p < 0.002; ***p = 0.0007; ****p < 0.0001 by Two-
way ANOVA with Bonferroni correction.

0.0001 (Fig. 2A). B6 and DR4tg mice did not develop hyper-
cholesteremia when fed a HFHC diet. Total serum cholesterol levels in
HFHC-fed DR4tgLdlr/~ mice were elevated when compared to RD:
1265 [1046-1508] mg/dL and 249.4 [127.7-342] mg/dL, respectively;
p < 0.0001. Serum LDL-C was significantly increased in HFHC-fed Ldlr
~and DR4tnglr’/ ~ mice when compared to RD: 1502 [1286-1789] vs.
201.5 [154.3-276.1] mg/dL and 709.5 [654.7-1027] mg/dL vs. 127
[91.9-194.1] mg/dL, respectively; p < 0.0001 (Fig. 2C). However,
serum total cholesterol and LDL-C was significantly lower in
DR4tnglr_/ ~ compared to Ldlr~’~ mice fed a HFHC diet, p < 0.0001
(Fig. 2AC). Additionally, HFHC-fed DR4tgLdlr’~ mice had higher
serum HDL-C than those fed RD: 412.4 [312.1-552.8] vs. 172.9
[124.6-233.7] mg/dL, respectively; and the other mouse strains
regardless of diet (Fig. 2B); p < 0.001. The ratio of OxLDL to LDL-C was
significantly higher in HFHC-fed DR4tgLdlr/~ mice when compared to
HFHC-fed Ldlr 7~ mice: 53.31 [44.1-65.2] and 12.71 [0-31.6] nmol/
dL, respectively (Fig. 2D); p = 0.0017. Female Ldlr—/~mice were less
likely than female DR4tgLdlr '~ to have detectable OXLDL (2/6 vs. 6/6
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mice). There were no other differences in serum lipids detected between
sexes (Fig. 2E-H). CRP was elevated in all HFHC-fed animals, reaching
significance in the DR4tgLdlr /™ strain: 1.8 [1.3-2.4] pg/mL and 3.2
[2.7-4.1] pg/mL; RD vs HFHC respectively; p = 0.0009 (Fig. 3).

3.3. Liver histopathology in mice fed a HFHC diet

Mice fed a HFHC diet had the following histologic features that
distinguished them from RD mice: macrovesicular steatosis, micro-
vesicular steatosis, hepatocyte hypertrophy, and inflammatory infiltrate
(Fig. 4A). Based on a histopathologic scoring system [21], all HFHC-fed
mice had more severe non-alcoholic fatty liver disease (NAFLD) than
RD-fed mice; p < 0.0001 (Fig. 4B). There was an uneven distribution of
NAFLD phenotypes in HFHC-fed mice; inflammatory cell foci were
mostly detected in Ldlr’~ and DR4tgLdlr’. Hepatocyte hypertrophy
was infrequent in mice expressing HLA-DR4. Although all HFHC-fed
mice manifested liver steatosis, DR4tgLdlr /~ mice demonstrated a
higher degree of macrovesicular steatosis than of microvesicular stea-
tosis (Supplementary Fig. 2).

3.4. Atherosclerosis in mice fed a HFHC diet

Atherosclerotic plaque was only detected in Ldlr/~ and DR4tgLdlr
~ mouse strains (Fig. 5). The aortic sinus walls of HFHC-fed Ldlr~’~ and
DR4tgLdlr/~mice were markedly expanded by atherosclerotic plaques
characterized by lipid-rich cores containing acicular cholesterol clefts
mixed with variable amounts of mineralized material bordered by sheets
of foamy macrophages and fibrous cap. Extracellular citrullinated pro-
teins were identified within the lipid cores and intracellular citrullinated
proteins within macrophages (Fig. 5A). The area within the plaque that
contained citrullinated proteins was significantly higher in HFHC-fed
Ldlr’~ mice (28.6 [5.2-53.7]1%) and DR4tnglr’/’ mice (34.6
[15.1-48.8]%), compared to B6 (0 [0-1]1%) and RD fed mice (0 [0-1]%);
p < 0.0001. HFHC-fed Ldlr~/~ and DR4tgLdlr/~ mice had a similar
degree of citrullination and there were no significant sex differences
(Fig. 5B).

Aortic atherosclerotic plaque (Fig. 6A) was significantly higher in
HFHC-fed Ldlr/~ and DR4tgLdlr/~ mice compared to RD: 3.1
[2.3-5]% vs. 0.1 [0-0.1]1%; p < 0.0001 and 3.1 [2.7-4.6]% vs. 0.2
[0.1-0.4]%; p < 0.0001, respectively (Fig. 6B). There were no signifi-
cant differences detected between HFHC-fed Ldlr/~ and DR4tgLdlr /'~
mice. However, male Ldlr/~ mice had significantly more plaque than
female Ldlr /~ mice (p = 0.0008). This sex difference was not seen in
DR4tnglr’/ ~ mice (Fig. 6B).

4. Discussion

HLA-DRB1 Shared Epitope alleles are associated with increased
cardiovascular risk in patients with rheumatoid arthritis; however, the
mechanisms underlying this increased risk are poorly understood [16,
23]. In this study, we used a novel mouse model (DR4tgLdlr ") and
found that the expression of HLA-DRB1*04:01 resulted in altered serum
levels of LDL-C and HDL-C, but a similar degree of atherosclerosis
compared to HFHC-fed Ldlr~/~ mice. Unlike Ldlr/~ where males
developed more severe atherosclerosis, there were no detectable sex
differences in DR4tgLdlr 7/~

The Ldlr/~ mouse model is commonly employed to investigate the
pathogenesis of atherosclerosis [24]. LDLR is ubiquitously expressed
and is critical for the uptake and clearance of LDL-C from circulation.
Although LDL-C has important roles in cellular homeostasis, including
maintaining cell wall integrity, hormone synthesis and as a source of
energy, excess circulating LDL-C (for example from diets rich in fat and
cholesterol) leads to pathology in the liver and vascular tissues [25]. As
expected, in our study, HFHC-fed Ldlr /" mice developed elevated
serum LDL-C, liver steatosis with inflammatory foci and atherosclerotic
plaque when fed a HFHC diet.
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Fig. 2. Serum lipid levels are increased in DR4tnglr’/ ~ mice fed a HFHC diet. Total cholesterol (mg/dL) (A), HDL-C (mg/dL) (B), LDL-C (mg/dL) (C), and the
ratio of OxLDL to LDL-C (nmol/dL) (D) at day 100 in mice fed RD (grey squares; n = 12) or HFHC diet (black squares; n = 12-25). Total cholesterol (mg/dL) (E), HDL-
C (mg/dL) (F), LDL-C (mg/dL) (G), ratio of oxidized LDL to LDL-C (nmol/dL) (H) at day 100 in male (triangles) and female (circles) mice fed RD (grey; n = 6) or
HFHC diet (black; n = 6-13). Data are presented as median with 95% CIL. ***p = 0.0005; ****p < 0.0001 by Two-way ANOVA with Bonferroni correction, **p =
0.0017 by Mann-Whitney analysis.
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Fig. 3. CRP was elevated in DR4tgLdlr /~ mice fed a HFHC diet. Sera at day
100 were tested for CRP (pg/mL) in mice fed a RD (grey; n = 12) or HFHC
(black; n = 12) diet (male and female mice are represented by triangles and
circles, respectively). Data are reported as median with 95% CI. ***p = 0.0009
by Two-way ANOVA with Bonferroni correction.

Similarly, HFHC-fed DR4tgLdlr/~ developed non-alcoholic fatty
liver disease and atherosclerotic plaque. Interestingly, the degree of
hepatic and vascular disease was similar between Ldlr~/~ and
DR4tgLdlr /= despite the DR4tgLdlr/~ mice having lower serum levels
of LDL-C. This finding is reflective of what is observed in RA where there
is an inverse relationship between total cholesterol and ASCVD risk, a
phenomenon termed “the lipid paradox” [26]. A potential factor
contributing to the “lipid paradox” is the elevation of other more
pro-atherogenic lipoproteins, such as OxLDL [27]. Similar to RA, we

B6

Ldlir-I-

DR4tgLdlr-I-
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found a higher proportion of serum OxLDL in DR4tgLdlr '~ than in
Ldlr~’~ mice. Oxidation of lipids changes their properties, interfering
with cell membrane function, inhibiting enzymes, and leading to mo-
lecular instability with bioactive end-products, such as malondialde-
hyde (MDA) [28]. Elevated serum OxLDL and its by-products are
associated with worse atherosclerosis and cardiovascular events [29].
OxLDL is taken up more readily by macrophages in the endothelium via
scavenger receptors than unmodified LDL-C. The resulting foam cells
release pro-inflammatory mediators and proteases, which contribute to
the instability of plaque leading to rupture, thrombosis, and ischemic
events. Additionally, foam cells become necrotic, releasing reactive
oxygen species (ROS) and promoting further oxidation of lipoproteins,
resulting in a detrimental cycle [30]. In the liver, OXLDL is scavenged by
Kupffer cells leading to steatosis and inflammatory foci that predispose
to fibrosis [31].

The mechanism by which HLA-DRB1*04:01 contributes to increased
OxLDL is unknown. One study reported higher CRP in subjects
expressing HLA-DRB1, suggesting a potential role for HLA-DRB1 in
driving systemic inflammation, which promotes reactive oxygen species
(ROS) [5] and subsequently the production of OxLDL. In our study, we
detected significant CRP elevations in HFHC-fed DR4tgLdlr~, sup-
porting the hypothesis that increased systemic inflammation can lead to
oxidation of LDL-C.

In patients with RA, it has been reported that the association between
Shared Epitope alleles and ASCVD was compounded by smoking and the
expression of ACPA [16]. Smoking is frequent in RA patients and leads to
ROS, oxidation and citrullination [28]. ACPA targets proteins containing
citrulline, arginine post-translationally modified by peptidyl deiminase
(PAD). This enzyme becomes active in the presence of calcium, which is
tightly regulated within the cellular environment [32]. Calcium is also a
major component of the atherosclerotic plaque. It can be released
intra-cellularly under certain conditions present both in RA and
atherosclerosis, including immune cell activation and apoptosis [32,33].
Arecent study has proposed a direct role of MHCII containing the Shared
Epitope in promoting citrullination by its interaction with calreticulin,

Score

' &

Fig. 4. Mice fed a HFHC have evidence of NAFLD. Representative histological images of the livers from B6, DR4tg, Ldlr/~, and DR4tgLdlr /™ mice fed a RD versus
HFHC diet (A). The following features of NAFLD were identified: macrovesicular steatosis (filled arrow), microvesicular steatosis (thin arrow), hepatocyte hyper-
trophy (hollow arrow), and inflammatory foci (circle). The NAFLD score of mice fed a RD (grey squares; n = 8-9) or HFHC (black squares; n = 8-9) diet at 100 days
(B). Data are presented as median with 95% CI. RD vs. HFHC p < 0.0001 by Two-way ANOVA with Bonferroni correction. Scale bar represents 100 pm at a

magnification of 400x.
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Fig. 5. Citrullinated proteins are present in
atherosclerotic plaque. Representative histo-
logic sections of aortic sinuses at day 100 stained
for citrullinated proteins (brown), as denoted by
yellow arrows, and counterstained with hemo-
toxylin (A). Extracellular citrullinated proteins
are identified within the lipid cores and intra-
cellular citrullinated proteins within macro-
phages. Quantification of citrullinated proteins is
presented as the % surface area stained in brown
to total plaque area (B). Citrullinated proteins in
the plaque of male mice (triangles) and female
mice (circles) fed a RD (grey; n = 2-4) or HFHC
diet (black; n = 2-4) (B). Data are reported as
median with 95% CI. **p = 0.0012 by Two-way
ANOVA with Bonferroni correction. Scale bar
represents 200 pm at a magnification of 200x.
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an innate immune receptor that can initiate a signal transduction
cascade leading to calcium mobilization. This signaling cascade can also
lead to the production of nitrogen oxide with the potential for lipid
oxidation [34].

We detected citrullinated proteins extra-cellularly and within mac-
rophages, including lipid-laden macrophages (foam cells) in the
atherosclerotic plaque of HFHC-fed Ldlr/~and DR4tgLdlr /~ mice. This
is consistent with prior studies of Ldlr~/~ mice [35] and ASCVD patients
[14]. The extent of the citrullination did not appear to differ signifi-
cantly between Ldlr~/~ and DR4tgLdlr/~ mice; however, the study was
limited in that a semi-quantitative method was used. In addition, the
AMC antibody we used for detecting citrulline cannot distinguish it from
homocitrulline [36]. Thus, it is possible that the modified proteins
detected in the plaque with AMC contain homocitrulline, citrulline or
both. Two previous studies using mass spectrometry confirmed the
presence of citrullinated and homocitrullinated proteins separately
within atherosclerotic plaque of patients with ASCVD [14,37]. The

presence of these modified proteins may be reactionary to the inflam-
matory atherosclerotic processes. However, homocitrullinated and cit-
rullinated LDL-C were shown to promote foam cell formation in vitro
[37,38] and higher total serum homocitrullinated proteins were detec-
ted in patients with ASCVD compared to healthy controls [37], sug-
gesting that these post-translationally modified proteins/lipoproteins
may also directly contribute to atherosclerosis progression.
Atherosclerotic cardiovascular disease in the general population is
more common in males. In our study and other prior studies, athero-
sclerotic plaque was more prominent in HFHC-fed male versus female
Ldlr~/~ mice despite similar LDL-C levels [39]. Interestingly, there was
no difference in OXLDL levels for female and male DR4tnglr‘/ “mice,
whereas most female Ldlr/~ mice had undetectable OXLDL. Serum
levels of OxLDL may partially explain the less severe atherosclerotic
disease detected in female Ldlr/~ but not female DR4tgLdlr/~ mice
[40]. Thus, the DR4tgLdlr/~ mice appear to mimic what is seen in
human RA, where the effect of male sex on ASCVD risk is less
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Fig. 6. Atherosclerotic plaque is present in the aortas of DR4tgLdlr /'~

mice fed a HFHC diet. Representative photographs of dissected aortas prepared en face

and stained with Sudan IV from mice fed a RD or HFHC diet at day 100 (A). Arrows show lipid deposition stained in red within the aortic plaque. Quantification of
aortic atherosclerotic plaque is presented as the % surface area stained in red to total aortic area. Aortic plaque area in male mice (triangles) and female mice (circles)
fed a RD (grey; n = 3-6) or HFHC diet (black; n = 3-6) (B). Data are reported as median with 95% CI. ***p = 0.0008; ****p < 0.0001 by Two-way ANOVA with

Bonferroni correction. Scale bar represents 1 mm at 2x magnification.

pronounced than what is seen in the general population [41]. Longer
duration of HFHC diet may further accentuate these differences.

This study had some additional limitations. Lipoproteins other than
those measured in this study could have contributed to the observed
phenotype. For example, HDL-C was elevated in DR4tgLdlr/~, but we
did not measure subtypes of HDL-C, including “inflammatory HDL” that
has been reported in RA and are associated with atherosclerosis [42].
Although this study suggests that HLA-DR4tg affects oxidation of lipids,
particularly in female mice, the mechanism for this effect requires
further study.

5. Conclusions

We have developed a mouse model that recapitulates risk factors for
RA and cardiovascular disease, including the HLA-DRB1 gene, centrip-
etal obesity, and dyslipidemia. When fed a high fat, high cholesterol
diet, these mice developed atherosclerosis with the loss of male bias,
similar to what is seen in RA. Future work using this model can elucidate
mechanisms by which HLA-DRBI1 interacts with sex and the environ-
ment to contribute to ASCVD risk in RA and other inflammatory
conditions.
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Ldlr’~  Low Density Lipoprotein Receptor knock-out
MDA Malondialdehyde

MHCII  Major Histocompatibility Complex II
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RD Regular Diet
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ROS Reactive Oxygen Species
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