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Abstract

Background: Although the role of thrombin in atherothrombosis is well studied, its role in the
pathogenesis of diet-induced atherosclerosis is not known.

Methods: Using a mouse model of diet-induced atherosclerosis and molecular biological
approaches, here we have explored the role of thrombin and its G protein-coupled receptor
(GPCR) signaling in diet-induced atherosclerosis.

Results: In exploring the role of GPCR signaling in atherogenesis, we found that thrombin
triggers foam cell formation via inducing CD36 expression and these events require Parl-mediated
Gal12-Pyk2-Gab1-PKC6-dependent ATF2 activation. Genetic deletion of PKC8 in ApoE™" mice
reduced western diet (WD)-induced plaque formation. Furthermore, thrombin induced Pyk2,
Gabl, PKC6 and ATF2 phosphorylation, CD36 expression and foam cell formation in peritoneal
macrophages of ApoE”- mice. On the other hand, thrombin only stimulated Pyk2 and Gab1 but
not ATF2 phosphorylation or its target gene CD36 expression in the peritoneal macrophages of
ApoE7:PKCO- mice and it had no effect on foam cell formation. In addition, the aortic root cross
sections of WD-fed ApoE" mice showed increased Pyk2, Gab1, PKC6 and ATF2
phosphorylation and CD36 expression as compared to ApoE”:PKC67- mice. Furthermore, while
the monocytes from peripheral blood and aorta of WD-fed ApoE~ mice were found to contain
more of Ly6CM cells than Ly6C!° cells, the monocytes from WD-fed ApoE"":PKCO7- mice were
found to contain more of Ly6C!° cells than Ly6Chi cells. Interestingly, the Ly6CNi cells showed
higher CD36 expression with enhanced capacity to form foam cells as compared to Ly6C'° cells.
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Conclusions: The above findings reveal for the first time that thrombin-mediated Parl-Ga.12
signaling via targeting Pyk2-Gab1-PKC6-ATF2-dependent CD36 expression might be playing a
crucial role in diet-induced atherogenesis.
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INTRODUCTION

Atherosclerosis is a chronic inflammatory disease of the arterial wall driven by innate and
adaptive immune responses and is an intrinsic cause of heart disease and stroke worldwide
(1, 2). Inflammatory leukocytes and macrophages are the predominant cells present in the
atherosclerotic plaques (3). One of the first indications of vascular complication is
endothelial cell dysfunction and leukocyte infiltration (4, 5). These events lead to the
trafficking of lymphocytes and monocytes into the arteries (5). Previous observations
indicate that circulating monocytes that enter into the arterial intima were further
differentiated into foamy macrophages thereby leading to acceleration of atherosclerotic
plaques (4). Macrophage buildup within the vascular wall is a salient feature of
atherosclerosis (6). However, recent studies have upended this notion by implying that
macrophage proliferation within the plaque leads to lesion macrophage buildup (7).
Macrophage scavenger receptors are thought to play an important role in atherosclerotic
foam cell formation because of their ability to bind and internalize oxidized LDL (oxLDL)
(8-11). Macrophages internalize oxLDL through scavenger receptors such as CD36 and are
trapped in the arterial intima (12). The interaction between CD36 and oxLDL also induces
the secretion of cytokines that recruit additional immune cells into the arterial intima (13)
and the arterial inflammation provoked by foam cells induces plaque formation, establishing
atherosclerotic lesions (12). Thrombin, a serine protease, which is involved in blood
coagulation plays a critical role in the formation of stable clots via activation of platelets and
conversion of procofactors to active cofactors leading to cleavage of fibrinogen to fibrin
(14). Thrombin is produced at the sites of vascular injury by the interaction of tissue factor
with circulating factor VII (15). It was also reported that the expression of factor VII and
factor X is increased in macrophages within the atherosclerotic lesions (16). Although many
studies have provided ample evidence for the role of the coagulation pathway in
atherogenesis and atherothrombosis (17-19), the mechanisms by which thrombin influences
atherogenesis are unknown.

Thrombin mediates its effects via its cell surface receptors called protease-activated
receptors (Pars) (20). Pars are G protein-coupled receptors (GPCRS) that are uniquely
activated by proteolytic cleavage of their N-terminal ends (21). Emerging evidence suggests
that thrombin besides its haemostatic effects promotes inflammation and Pars connect its
bidirectional effects (22, 23). In fact, a recent study showed that inhibition of thrombin
attenuates high fat diet-induced weight gain (24). The presence of Pars in endothelial cells,
vascular smooth muscle cells, leukocytes and macrophages may suggest the involvement of
thrombin in the pathophysiology of atherosclerosis (20, 21, 23). Protein kinase Cs (PKCs), a
serine/threonine protein kinase family of intracellular enzymes, are expressed ubiquitously
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in almost all types of cells (25). Many reports have shown that thrombin activates various
isoforms of PKCs in several cell types via hydrolysis of multiple phospholipids (26, 27). In
addition, it has been shown that leukocyte adhesion, monocyte differentiation and
macrophage growth leading to intimal foam cell formation were regulated, in part, through
PKC activation (28). Based on this information, we asked the question whether thrombin
plays a role in atherogenesis and if it does, does it involve a PKC? Here, we report that
thrombin induces CD36 expression and foam cell formation and these events require Ga.12-
Pyk2-Gab1-PKC6-dependent ATF2 activation. In addition, genetic deletion of PKCO
attenuates WD-induced ATF2 activation, CD36 expression and foam cell formation resulting
in reduced plaque burden in ApoE”-:PKC6- mice as compared to ApoE™~ mice.
Interestingly, we found that monocytes from WD-fed ApoE’:PKC6" mice exhibit Ly6C!°
phenotype with reduced CD36 expression and foam cell formation capacity as compared to
those from ApoE~- mice, which were of mainly Ly6C"i phenotype with increased CD36
expression and foam cell formation ability. Together these results infer that thrombin-
mediated GPCR signaling plays an important role in diet-induced atherogenesis.

MATERIALS and METHODS

Cell culture:

Animals:

Statistics:

All the materials supporting this study are available from the corresponding author upon
request.

The detailed Materials and Methods were provided in the online-only Data Supplement.

Mouse RAW264.7 macrophage cells were purchased from American Type Culture
Collection (Manassas, VA), sub-cultured in DMEM/F-12 medium containing 10% fetal
bovine serum and 1X Penicillin/Streptomycin. The cells were quiesced overnight in DMEM/
F-12 medium without serum and used between four and ten passages for the experiments.

ApoE" mice (stock number 002052, Jackson Labs, Bar Harbor, ME) were crossed with
PKCO" mice (stock number 005711, Jackson Labs, Bar Harbor, ME) to obtain
ApoE7:PKCO- mice and both the strains were on C57BL/6 background. No phenotypic
changes were noticed between ApoE~~ and ApoE":PKC67~ mice. The F2 littermates were
used in the study. Mice were bred and maintained according to the guidelines of the
Institutional Animal Care and Use Facility of the University of Tennessee Health Science
Center, Memphis, TN. Female and male ApoE”- and ApoE”:PKC6- mice were fed with
CD or WD (21% fat and 0.2% cholesterol, Harlan Teklad, Harlan Laboratories, Indianapolis,
IN) for 16 weeks starting from 8 weeks of age and used for the experiments. The
Institutional Animal Care and Use Committee of the University of Tennessee Health Science
Center, Memphis, TN, approved all the experiments involving animals.

All the experiments were repeated three times with similar results. Data are presented as the
Mean + S.D. The treatment effects were analyzed by one-way or two-way ANOVA followed
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by Tukey’s post-hoc test or student’s t test and the p values < 0.05 were considered
statistically significant. In the case of EMSA, supershift EMSA, ChlIP assay, Foam cell,
Western blotting and immunofluorescence, one set of the representative data is presented.

RESULTS

Thrombin induces CD36 expression and foam cell formation via PAR1 activation

Accumulation of foam cells of macrophage and smooth muscle cell origin in arteries is an
important event in atherogenesis (7, 10). Both macrophages and smooth muscle cells express
specialized receptors known as scavenger receptors, which bind and endocytose modified
LDL such as oxLDL and thereby involved in foam cell formation (11, 12). Since thrombin
generation was reported in atherosclerotic arteries (18, 29), we asked the question whether
thrombin has any role in foam cell formation. Thrombin induced foam cell formation of
RAW264.7 cells in a time dependent manner (Figure 1A). Since macrophages express
several scavenger receptors including SR-A1, SR-B1 and SR-B2 (CD36) (11, 12), we
studied the effects of thrombin on the expression of these receptors. Our results show that
thrombin induces the expression of CD36 but not SR-Al or SR-B1 in RAW264.7 cells
(Figure 1B). Based on these results we examined the role of CD36 in foam cell formation.
Small interference RNA-mediated depletion of CD36 levels reduced foam cell formation
(Figure 1C). A large body of evidence shows that thrombin mediates its cellular signaling
via activation of Pars in various cell types (20, 21). To identify the Pars involved in
thrombin-induced CD36 expression and foam cell formation, we next studied the role of
Parl, Par3 and Par4. Depletion of Parl but not Par3 or Par4 by their respective siRNAs
blocked thrombin-induced CD36 expression (Figure 1D). Consistent with these findings,
either blockade of Parl activation by its antagonist SCH79797 (20) or siRNA-mediated
depletion of its levels inhibited thrombin-induced foam cell formation (Figure 1E & F).

Activation of Gal12-Pyk2-Gab1 signaling is required for thrombin-induced CD36 expression
and foam cell formation

To understand how Parl mediates the effects of thrombin on CD36 expression and foam cell
formation, it is logical to study the role of G proteins, as Parl is a G protein-coupled
receptor (20, 21). Treatment with thrombin caused a rapid dissociation of Ga.12 but not
Gaq, Gall or Gal3 from PAR1, suggesting that thrombin activates Ga12 downstream to
Parl (Figure 2A). Based on these findings, we examined the role of Ga.12 in CD36
expression and foam cell formation. Downregulation of Ga.12 levels by its SiRNA attenuated
thrombin-induced CD36 expression and foam cell formation (Figure 2B & C). Previously,
we have reported that thrombin induces monocyte migration via Pyk2 activation downstream
to Ga12 (30). In view of these observations, we examined the role of Pyk2 in thrombin-
induced CD36 expression and foam cell formation. Thrombin induced tyrosine
phosphorylation of Pyk2 (Y402) with maximum effect at 1 min (Figure 2D). In addition,
pharmacological blockade of Pyk2 by its selective inhibitor PF431396 (31), attenuated
thrombin-induced CD36 expression and foam cell formation (Figure 2E & F). Furthermore,
inhibition of Parl by its antagonist SCH79797 or depletion of Ga.12 by its SiRNA blocked
thrombin-induced Pyk2 phosphorylation (Figure 2G & H). Thus, these results demonstrate
the involvement of Parl, Ga12 and Pyk2 signaling in thrombin-induced CD36 expression
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and foam cell formation. Since we have previously demonstrated that activation of Grb2-
associated binder 1 (Gabl) downstream to Ga.12 and Pyk2 is required for monocyte
migration (30), we next tested its role in CD36 expression and foam cell formation.
Thrombin induced tyrosine phosphorylation of Gab1 (Y627) in a time dependent manner
with maximum effect at 1 min and siRNA-mediated downregulation of its levels blocked
thrombin-induced CD36 expression and foam cell formation (Figure 21-K). In addition,
interference with activation of Parl or Pyk2 using their antagonists or inhibitors or depletion
of Ga12 by its siRNA prevented thrombin-induced Gab1 tyrosine phosphorylation (Figure
2L-N). To ascertain the role of Ga.12 in thrombin-induced CD36 expression and foam cell
formation, we have examined for the involvement of other G proteins. Depletion of Gaq or
Gall levels by their siRNAs had no effect on thrombin-induced Pyk2 or Gabl
phosphorylation, CD36 expression or foam cell formation (Supplemental Figure 1). These
findings demonstrate that thrombin induces CD36 expression and foam cell formation via
activation of Parl, Ga.12, Pyk2 and Gab1l.

Lack of arole of p115RhoGEF, Racl, RhoA and Pak2 in thrombin-induced CD36 expression
and foam cell formation

Previously we have reported that thrombin induces monocyte migration by activation of
Parl-Ga12-Pyk2-Gabl-p115RhoGEF-Racl-RhoA-Pak?2 signaling (30). Based on these
observations, we asked the question whether, in addition to Parl, Ga 12, Pyk2 and Gab1,
activation of p115RhoGEF, Racl, RhoA or Pak2 is required for thrombin-induced CD36
expression and foam cell formation. Consistent with our previous observations, thrombin
induced p115RhoGEF, Racl, RhoA and Pak2 activation as measured by their tyrosine or
serine/threonine phosphorylation or pull-down assay (Figure 3A). In lieu of these
observations, we next tested their role in thrombin-induced CD36 expression and foam cell
formation. Depletion of p115RhoGEF, Racl, RhoA or Pak2 had no effect on thrombin-
induced CD36 expression and foam cell formation (Figure 3B-1). These findings infer that
while Parl, Ga12, Pyk2 and Gab1 activation is required for thrombin-induced CD36
expression and foam cell formation, the activation of p115RhoGEF, Racl, RhoA or Pak2
was not needed for these effects.

PKC6 mediates thrombin-induced CD36 expression and foam cell formation

Since many reports have shown a role for various PKC isozymes in CD36 expression (32),
we examined the role of PKCs in thrombin-induced CD36 expression and foam cell
formation. While having no major effects on PKC-y (T514), e, nand C (T410/403),
thrombin activated PKCa/pll (T638/641), 6 (T505), and 6 (T538) in a time dependent
manner in RAW264.7 cells (Figure 4A). However, as activation of PKCO precedes CD36
expression we speculated a possible role for this PKC isozyme in thrombin-induced CD36
expression and foam cell formation. Indeed, down regulation of PKCB by its sSiRNA
substantially blocked thrombin-induced CD36 expression and foam cell formation (Figure
4B & C). To find the upstream mechanisms of its activation, we tested the role of Parl,
Gal2, Pyk2 and Gabl. As shown in Figure 4D-G, pharmacological interference with Parl
or Pyk2 activation or sSiRNA-mediated depletion of Ga12 or Gab1 levels blocked thrombin-
induced PKC6 phosphorylation (Figure 4D-G). Together these results infer that thrombin-
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induced CD36 expression and foam cell formation depends on Parl, Gal2, Pyk2 and Gabl-
dependent PKC® activation.

ATF2 activation downstream to PAR1, Gal2, Pyk2 Gabl and PKCB8 is essential for
thrombin-induced CD36 expression and foam cell formation

Previous studies have shown that PPARy plays a role in CD36 expression (12). To find
whether thrombin-induced CD36 expression requires PPARy, we tested the time course
effect of thrombin on PPARy activation. Thrombin had no effect on either the steady state
levels or phosphorylation or acetylation of PPAR-y (Figure 5A). This may indicate a lack of
a role for PPARy in thrombin-induced CD36 expression. Some reports showed that oxLDL
induces CD36 expression via JNK-mediated phosphorylation of activating transcription
factor 2 (ATF2), a leucine zipper transcriptional factor (33). Since not much is known on the
role of ATF2 in CD36 expression and foam cell formation and its activation depends on its
serine phosphorylation, we hypothesized that thrombin could induce CD36 expression
through activation of ATF2. Indeed, our results show that thrombin stimulates ATF2
phosphorylation (T71) in a time dependent manner (Figure 5B). Furthermore, SiRNA-
mediated downregulation of ATF2 levels suppressed thrombin-induced CD36 expression
and foam cell formation (Figure 5C & D). In addition, inhibition of either Parl or Pyk2 or
depletion of Ga12, Gabl or PKC® levels attenuated thrombin-induced ATF2
phosphorylation (Figure 5E-I). To confirm the role of Parl in thrombin-induced Pyk2, Gab1,
PKC6 and ATF2 activation, CD36 expression and foam cell formation, we tested the effect
of Parl activating peptide TFLLRN. Indeed, TFLLRN stimulated Pyk2, Gab1, PKC6 and
ATF2 phosphorylation, CD36 expression and foam cell formation (Supplemental Figure 2).
These results further substantiate the role of Parl in thrombin-induced CD36 expression and
foam cell formation. To identify the regulatory elements through which thrombin induces
CD36 expression, we cloned a 0.8 kb region of CD36 promoter and by applying
TRANSFAC analysis identified one putative ATF2 binding site at -100 nt from the
transcription start site (Figure 5J). Furthermore, the promoter-luciferase reporter gene assays
indicated that thrombin induces CD36 promoter activity and site-directed mutagenesis of the
ATF2-binding site at -100 nt (from TGACCTCT to TGATATTT, mutations were shown in
bold letters) blunts this effect (Figure 5K & L). In addition, interference with Parl or Pyk2
activation or depletion of Gab1l, PKCO or ATF2 levels reduced thrombin-induced CD36
promoter activity (Figure 5M & N). The EMSA, supershift EMSA and ChIP assays further
revealed that ATF2 binds to CD36 promoter in response to thrombin (Figure 50-Q). To
confirm our observations on the effects of thrombin in RAW264.7 cells, we also studied its
effects on PKC6 and ATF2 phosphorylation and CD36 expression in primary peritoneal
macrophages of C57BL/6 mice. Thrombin induced PKC6 and ATF2 phosphorylation and
CD36 expression robustly in these cells as well (Figure 5R).

PKC®8 plays an essential role in diet-induced atherosclerosis

To test the role of PKCS in atherosclerosis we cross-bred PKCO7- with ApoE”- mice to
generate ApoE”:PKC67- on C57BL/6 background. The F2 littermates of ApoE”- and
ApoE:PKCO- mice were fed with WD starting from 8 weeks of age to 24 weeks of age
and analyzed for atheroma formation. Although no significant differences were found in the
body weight, total cholesterol, HDL and LDL levels between CD-fed or WD-fed ApoE™-
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and ApoE"":PKCO" mice, ApoE7-:PKC6O7- mice showed decreased plasma triglyceride
levels as compared to ApoE™~ mice that were fed with either CD or WD (Table 1).
Measurement of total atherosclerotic lesion area by en face staining revealed a significant
decrease in the lesions in the aorta of ApoE":PKC87" mice as compared to ApoE”- mice
(Figure 6A). The percentage of plaque area in the aortic roots of WD-fed ApoE":PKC6™-
mice was also decreased significantly as compared to ApoE"" mice (Figure 6B). To validate
the role of PKC6 in CD36 expression in vivo and to test the role of Parl-dependent Ga.12-
mediated Pyk2, Gab1, PKC6 and ATF2 signaling activation on these effects, we studied the
influence of diet on the stimulation of this signaling cascade in the primary peritoneal
macrophages of ApoE”- and ApoE”-:PKC6" mice. We found that Pyk2 and Gab1 were
activated in the primary peritoneal macrophages of WD-fed ApoE"" and ApoE”:PKCe™-
mice as compared to CD-fed ApoE™- mice (Figure 6C). However, ATF2 activation and
CD36 expression were seen only in WD-fed ApoE™" mice but not ApoE”:PKC6”" mice as
compared to CD-fed ApoE" mice (Figure 6C). To obtain additional line of evidence, we
also studied the effects of thrombin on the activation of Parl, Ga 12, Pyk2, Gabl, PKC6 and
ATF2 leading to CD36 expression and foam cell formation in the primary peritoneal
macrophages of ApoE”" versus ApoE”:PKCO" mice ex vivo. The time course results
showed that thrombin induces Ga.12 dissociation from Parl, activates Pyk2, Gabl, PKC6
and ATF2 as measured by their phosphorylation and induces CD36 expression in the
primary peritoneal macrophages of ApoE- mice (Figure 6D). On the other hand, thrombin
while stimulating the dissociation of Ga12 from Parl and increasing the phosphorylation of
Pyk2 and Gab1l had no effect on PKC6 or ATF2 phosphorylation or CD36 expression in the
primary peritoneal macrophages of ApoE”~:PKC67- mice (Figure 6D). Since thrombin
stimulated PKCa/pIl in Raw264.7 cells, we wanted to find whether this PKC isozyme plays
a compensatory role for the loss of PKC6. Thrombin stimulated PKCa/gl1 in the primary
peritoneal macrophages of both ApoE”~ and ApoE”:PKC67- mice to a similar extent,
suggesting no compensatory role for it (Figure 6D). In line with these observations,
thrombin induced the foam cell formation only in the primary peritoneal macrophages of
ApoE~" but not ApoE":PKCO- mice (Figure 6E). To link ATF2 activation to CD36
expression and foam cell formation, we used siRNA approach. Depletion of ATF2 levels
substantially reduced CD36 expression and foam cell formation in peritoneal macrophages
of ApoE™" mice (Figure 6F). To understand whether ATF2 modulates macrophage
proliferation in the development of atherosclerosis, we tested the effect of ATF2 depletion
on macrophage growth. Depletion of ATF2 had no effect on macrophage proliferation
(Figure 6G). We next examined these signaling molecules in the aortic root cross sections of
WD-fed ApoE”- and ApoE”:PKC67- mice. Immunofluorescence staining of the aortic root
cross sections showed increased Pyk2, Gabl, PKC6 and ATF2 phosphorylation and CD36
expression and their colocalization with Mac3 in ApoE™- mice as compared to
ApoE7:PKCO- mice in response to WD feeding (Figure 6H). These observations correlate
with our in vitro results and confirm that thrombin-induced CD36 expression and foam cell
formation occur via Parl-Ga12-Pyk2-Gab1-PKC6-mediated activation of ATF2. Since
SMCs also play a role in foam cell formation during atherogenesis (10-12), we asked the
question whether thrombin triggers a similar signaling axis of CD36 expression in these
cells. It is indeed exciting to find that thrombin induces PKC6 and ATF2 phosphorylation as
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well as CD36 expression in SMCs isolated from ApoE~~ but not ApoE”:PKC6 mice
(Figure 6l).

PKC8 skews monocyte differentiation towards Ly6CN phenotype and enhances foam cell

formation

Since atherosclerotic lesions were reduced in the aortic root and aorta of WD-fed
ApoE:PKCO”" mice as compared to ApoE™", we were intrigued to find whether PKCO
might be involved in the regulation of monocyte differentiation. To test this, we have
determined the monocyte subtypes in the peripheral blood and aorta of WD-fed ApoE™- and
ApoE:PKCO- mice. We characterized the phenotype of the monocytes in these mice
based on the following four subpopulations as Ly6CMF4/80!°CD11c!01-Ab'°,
LysChiF4/80hicD11chil-Abhi, Ly6CloF4/80NCD11ch|-AbM and Ly6C!°F4/80°CD11c!0l-
Ab'®. We found that the number of pro-inflammatory Ly6C" monocytes were substantially
lower in both the peripheral blood and aorta of ApoE”":PKC6- mice as compared to
ApoE" mice (Figure 7A-D). In contrast, the number of Ly6C'® monocytes were found to be
substantially higher in the peripheral blood and aorta of ApoE":PKC6- mice as compared
to ApoE”" mice (Figure 7A-D). Since macrophages by taking up modified LDL become
foam cells and lipid-laden foam cell accumulation is a hallmark of atherosclerosis (11, 12),
we wanted to find which of these monocytes possess such capacity. It is interesting to note
that Ly6CN monocytes were found to express substantially higher levels of CD36 and
possess more capacity to form foam cells as compared to Ly6C'° cells (Figure 7E). To find
whether genetic deletion of PKCB6 affects the balance between pro and anti-inflammatory
cytokine levels, we measured plasma cytokine levels in WD-fed ApoE- and
ApoE7:PKCO- mice. No major differences were observed in the pro- and anti-
inflammatory cytokine levels between ApoE”- and ApoE”:PKCO7" mice (Figure 7F).

DISCUSSION

A large body of evidence shows that atherosclerotic events are triggered by the disparity
between cholesterol metabolism and inflammatory response leading to accumulation of
lipid-loaded macrophages and SMCs in the arterial wall (34—36). Among the many cell
types such as dendritic cells, lymphocytes, monocytes and SMCs present in atherosclerotic
plaques, monocyte-derived macrophages and SMCs are of immense importance due to their
ability to become cholesterol-laden foam cells, which is the major contributing factor of
atherosclerosis (37). Scavenger receptors such as CD36, SR-Al and SR-B1 have been
shown to play a crucial role in oxLDL uptake and foam cell formation in rodent
atherosclerotic models (38, 39). Thrombin, which is a major platelet activator, has been
shown to contribute to atherogenesis in a platelet-independent manner, although the
underlying mechanisms were not known (40). Previous studies from our laboratory have
shown that thrombin modulates monocyte and SMC migration via activation of Parl-Ga12-
Pyk2-Gab1-p115RhoGEF-Racl-RhoA and Pak2/Pak1 signaling (30, 41). In this study we
found that thrombin selectively induces CD36 expression and facilitates foam cell formation
of RAW264.7 cells through activation of Par1-Ga 12-Pyk2-Gab1 signaling. Interestingly,
thrombin-induced CD36 expression and foam cell formation were not affected when
p115RhoGEF, Racl, RhoA or Pak2 levels were depleted, suggesting a lack of a role for
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these molecules in CD36 expression and foam cell formation. These results may infer that
while thrombin-induced CD36 expression and foam cell formation requires Parl-Ga12-
Pyk2-Gabl signaling, activation of p115RhoGEF, Racl, RhoA or Pak2 is not essential. It
also infers that thrombin-induced CD36 expression and foam cell formation diverge at the
level of Gab1l, which is an adopter molecule (42).

Previous studies have shown that TNFa inhibits cholesterol efflux via downregulation of
ABCAL, ABCG1 and LXRa and upregulation of CD36 and SR-A expression through
activation of PKC6 (43). In addition, it has been shown that inhibition of PKC signaling by
PKC inhibitory peptides or sSiRNA for PKCa and PKCP but not PKC8, PKCe or PKC6
results in the secretion of ApoE and clearance of the triglyceride-rich lipoprotein, and
cholesterol efflux from foam cells (44). Thus differential roles of PKCs in atherosclerosis
were reported. In this regard, our results show that thrombin activates PKC8 in mediating
CD36 expression and foam cell formation. More importantly, inhibition of Parl, Ga12,
Pyk2 or Gab1l led to downregulation of PKCBO activation. Taken together, these results
suggest that PKCO acts downstream to Parl-Ga12-Pyk2-Gab1l signaling in CD36
expression and foam cell formation. Our results further reveal that thrombin-induced CD36
expression and foam cell formation require ATF2 activation downstream to PKC® in both
RAW264.7 cells and primary peritoneal macrophages of WT mice. Interestingly, ATF2
appears to be essential for CD36 expression and foam cell formation as mutation of its
binding element at -100 nt in CD36 promoter almost completely abolished CD36 promoter
activity. To confirm the role of PKCO-ATF2 axis in CD36 expression and foam cell
formation in vivo, we observed decreased plaque burden in ApoE”:PKC67- mice as
compared to ApoE”- mice fed with WD. We also found that while thrombin activates Ga.12,
Pyk2, and Gab1 in peritoneal macrophages of both ApoE"~ and ApoE”":PKC67 mice, it had
no effect on ATF2 phosphorylation and CD36 expression in ApoE”":PKC67" mice. In
addition, depletion of ATF2 levels attenuated thrombin-induced CD36 expression and foam
cell formation in primary peritoneal macrophages of ApoE”- mice. Interestingly, the role of
PKC6-ATF2 signaling axis in CD36 expression and foam cell formation appears to be a
predominant mechanism in GPCR signaling-mediated foam cell formation, as thrombin
activated this signaling axis in SMCs of ApoE™~ mice but not in ApoE™":PKC6" mice.
These results conclude that ATF2 is the effector molecule of PKCB8 in the regulation of
CD36 expression and foam cell formation both in macrophages and SMCs. Since, plasma
triglyceride levels were significantly lower in ApoE”:PKC6- mice as compared to ApoE™
mice fed with CD or WD, it is likely that besides its role in WD-induced CD36 expression
and foam cell formation, PKC8 may also be involved in the modulation of plasma
triglyceride levels.

A growing body of evidence demonstrates that in addition to macrophage numbers, an
altered phenotype of macrophages towards inflammatory lineage is associated with the
progression of atherosclerosis in animal models (45-47). We found that monocytes isolated
from peripheral blood and aorta of ApoE"":PKC6- mice mostly were of Ly6C!® phenotype
whereas the monocytes from ApoE”- mice were predominantly of Ly6CM phenotype. These
findings reveal that PKCO could enhance inflammation in response to WD feeding and
thereby influence atherogenesis, as Ly6C" monocytes are linked to disease progression and
Ly6C'® monocytes are associated with disease regression (45, 48). Indeed, our present
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findings also reveal that Ly6CNi monocytes express more levels of CD36 expression and
possess higher capacity to form foam cells than Ly6C!® monocytes. Thus, we show for the
first time that PKCO via mediating CD36 expression, thereby increasing the capacity of
macrophages to form foam cells plays a crucial role in atherosclerosis. Previous studies have
shown that deletion of PKCO improves insulin sensitivity (49). Since diabetes is a risk factor
for cardiovascular diseases (28) it is possible that PKC6 could be a common signaling
molecule involved both in diabetes and atherosclerosis. Therefore, PKC6 could be a
potential target for the development of therapeutics against atherosclerosis. In addition,
emerging evidence reveals a role for thrombin in the modulation of non-haemostatic effects
such as inflammation and that it exerts a critical axis in the development of atherosclerosis
(22, 23), although there is no proof of evidence for its involvement in atherosclerosis. In this
regard, the present findings also provide the first evidence for the possible role of thrombin
and perhaps its receptor Parl and its downstream signaling in foam cell formation and
atherosclerosis. The possibility may also exist that thrombin could influence foam cell
formation thereby atherogenesis not only by enhancing the uptake of modified LDL but also
by decreasing the cholesterol efflux. The increased generation of thrombin during early
development of atherosclerosis in animal models (50) further lends support for its role in
diet-induced atherogenesis.
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CLINICAL PERSPECTIVE
What Is New?

. In addition to its essential role in platelet activation and thrombosis, in the
present study we demonstrate for the first time that thrombin-GPCR signaling
plays a role in diet-induced atherogenesis.

. Thrombin-induced CD36 expression and foam cell formation require Parl,
Gal2, Pyk2, Gabl and PKC6-dependent ATF2 activation.

. Ly6CNi cells appear to be the predominant inflammatory cells that take up
modified LDL and contribute to the accumulation of lipid-laden foam cells in
the development of atherosclerosis.

What are the Clinical Implications?
. Inhibition of thrombin-GPCR signaling could be a promising target for the

development of drugs in reducing the risk of diet-induced atherogenesis.

. Since inhibition of PKCO decreases atherosclerotic lesions and improves
insulin sensitivity, this PKC isozyme could be a potential target for the
treatment of diabetes and atherosclerosis.
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Figure 1. Thrombin induces CD36 expression and foam cell formation via Par1 activation.
A. Quiescent RAW?264.7 cells were treated with or without thrombin (0.5 U/ml) for the

indicated time periods and analyzed for foam cell formation. B. Equal amounts of protein
from control and the indicated time periods of thrombin-treated cells were analyzed by
Western blotting for SR-Al, SR-B1 and CD36 levels and normalized to -tubulin. C. Cells
were transfected with siControl or siCD36 (100 nM), quiesced, treated with and without
thrombin for 4 hrs and analyzed for foam cell formation. D. Cells were transfected with
siControl, siParl, siPar3 or siPar4 (100 nM), quiesced, treated with and without thrombin for
1 hr and analyzed by Western blotting for CD36 levels and the blot was reprobed for Parl,
Par3, Par4 or B-tubulin levels to show the effect of the SiRNA on its target and off target
molecules levels. E. Quiescent cells were treated with and without thrombin in the presence
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and absence of SCH79797 (10 uM) for 4 hrs and analyzed for foam cell formation. F. Cells
were transfected with siControl or siParl (100 nM), quiesced, treated with and without
thrombin for 4 hrs and analyzed for foam cell formation. The bar graphs represent Mean *
S.D. values of three experiments. *, p < 0.05 vs control or siControl; **, p < 0.05 vs
Thrombin or siControl + Thrombin. Scale bar is 50 pum.
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Figure 2. Gal2, Pyk2 and Gabl mediate thrombin-induced CD36 expression and foam cell
formation.
A. Equal amounts of protein from control and the indicated time periods of thrombin-treated

cells were immunoprecipitated with anti-Parl antibodies and the immunocomplexes were
analyzed by Western blotting for Gaq, Gall, Gal2 or Ga 13 levels and the blot was
normalized to Parl. B. Cells were transfected with siControl or siGa.12 (100 nM), quiesced,
treated with and without thrombin for 1 hr and analyzed by Western blotting for CD36 levels
and the blot was reprobed for Ga.12 or p-tubulin levels to show the effect of the SIRNA on
its target and off target molecules levels. C. Cells were transfected with siControl or siGa.12
(100 nM), quiesced, treated with and without thrombin for 4 hrs and analyzed for foam cell
formation. D. Extracts of control and the indicated time periods of thrombin-treated cells
were analyzed by Western blotting for pPyk2 levels and the blot was normalized to its total
levels. E. Quiescent cells were treated with and without thrombin in the presence and
absence of PF431396 (5 uM) for 1 hr and analyzed by Western blotting for CD36 levels and
the blot was normalized to B-tubulin levels. F. Quiescent cells were treated with and without
thrombin in the presence and absence of PF431396 for 4 hrs and analyzed for foam cell
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formation. G. Quiescent cells were treated with and without thrombin in the presence and
absence of SCH79797 (10 uM) for 1 min and analyzed by Western blotting for pPyk2 levels
and the blot was normalized to its total levels. H. All the conditions were same as in Panel B
except that after quiescence the cells were treated with and without thrombin for 1 min and
analyzed by Western blotting for pPyk2 levels and the blot was reprobed for Pyk2 or Ga.12
levels to show the effect of the siRNA on its target and off target molecules levels. 1. Extracts
of control and the indicated time periods of thrombin-treated cells were analyzed by Western
blotting for pGabl levels and the blot was normalized to its total levels. J & K. Cells were
transfected with siControl or siGabl (100 nM), quiesced, treated with and without thrombin
for 1 hr or 4 hrs and analyzed for CD36 levels and foam cell formation, respectively. The
CD36 blot was reprobed for Gab1l or B-tubulin levels to show the effect of the siRNA on its
target and off target molecules levels. L. Quiescent cells were treated with and without
thrombin in the presence and absence of SCH79797 (10 uM) for 1 min and analyzed by
Western blotting for pGabl levels and the blot was normalized to its total levels. M. Cells
were transfected with siControl or siGa.12 (100 nM), quiesced, treated with and without
thrombin for 1 min and analyzed for pGab1 levels and the blot was reprobed for Gab1 or
Gal2 levels to show the effect of the siRNA on its target and off target molecules levels. N.
Quiescent cells were treated with and without thrombin in the presence and absence of
PF431396 (5 uM) for 1 min and analyzed for pGabl levels and the blot was normalized for
its total levels. The bar graphs represent Mean + S.D. values of three experiments. *, p <
0.05 vs control or siControl; **, p < 0.05 vs Thrombin or siControl + Thrombin. Scale bar is
50 pm.
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Figure 3. Lack of a role of p115 RhoGEF, Racl, RhoA and Pak2 in thrombin- induced CD36
expression and foam cell formation.

A. Equal amounts of protein from control and the indicated time periods of thrombin-treated
cells were immunoprecipitated with anti-p115 RhoGEF or anti-Pak2 antibodies and
immunocomplexes were analyzed by Western blotting using anti-PY 20 or anti-pSer/Thr
antibodies, respectively. For GTP-Racl or GTP-RhoA levels, equal amounts of protein from
control and the indicated time periods of thrombin- treated cells were incubated with GST-
Pakl or GST-Rhotekin-conjugated glutathione sepharose 4B beads and the pull down
proteins were analyzed by Western blotting for Racl and RhoA levels, respectively. The
same cell extracts were also analyzed by Western blotting for total Rac1 and RhoA levels. B
& C. Cells were transfected with siControl or sip115 RhoGEF(100 nM), quiesced, treated
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with and without thrombin for 1 hr or 4 hrs and analyzed for CD36 expression and foam cell
formation, respectively. The CD36 blot was reprobed for p115 RhoGEF or B-tubulin levels
to show the effect of the SIRNA on its target and off target molecules levels. D & E. Cells
were transfected with siControl or siRacl (100 nM), quiesced, treated with and without
thrombin for 1 hr or 4 hrs and analyzed for CD36 levels and foam cell formation,
respectively. The CD36 blot was reprobed for Racl or B-tubulin to show the effect of the
siRNA on its target and off target molecules levels. F & G. Cells were transfected with
siControl or siRhoA (100 nM), quiesced, treated with and without thrombin for 1 hr or 4 hrs
and analyzed for CD36 levels and foam cell formation, respectively. The CD36 blot was
reprobed for RhoA or B-tubulin to show the effect of the siRNA on its target and off target
molecules levels. H & 1. Cells were transfected with siControl or siPak2 (100 nM), quiesced,
treated with and without thrombin for 1 hr or 4 hrs and analyzed for CD36 levels and foam
cell formation, respectively. The CD36 blot was reprobed for Pak2 or p-tubulin to show the
effect of the siRNA on its target and off target molecules levels. The bar graphs represent
Mean + S.D. values of three experiments. *, p < 0.05 vs control or siControl. Scale bar is 50
um.
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Figure 4. PKCO mediates thrombin-induced CD36 expression and foam cell formation.
A. Equal amounts of protein from control and the indicated time periods of thrombin-treated

cells were analyzed for phosphorylation of the indicated PKC isoform either by Western
blotting using their phosphospecific antibodies or immunoprecipitation with pSer/Thr
antibody followed by immunoblotting with the indicated PKC isoform antibody. B & C.
Cells were transfected with siControl or siPKC8 siRNA, quiesced, treated with and without
thrombin for 1 hr or 4 hrs and analyzed for CD36 levels and foam cell formation. The CD36
blot was reprobed for PKC8 and p-tubulin to show the effect of the SiRNA on its target and
off target molecules levels. D & F. Quiescent cells were treated with and without thrombin in
the presence and absence of SCH79797 (10 pM) or PF431396 (5 uM) for 1 hr and analyzed
by Western blotting for pPKC6 and normalized to its total levels. E & G. Cells were
transfected with siControl or siGa.12 siRNA, quiesced, treated with and without thrombin
for 1 hr and analyzed for pPKC6 and the blots were reprobed for PKCO, Ga12 or Gabl
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levels to show the effects of the siRNAs on their target and off target molecules levels. The
bar graphs represent Mean + S.D. values of three experiments. *, p < 0.05 vs control or
siControl; **, p<0.05 vs Thrombin or siControl + Thrombin. Scale bar is 50 pm.
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Figure 5. Parl, Gal2, Pyk2, Gabl, PKCa and ATF2 mediate thrombin-induced CD36 promoter
activity.

A EanI amounts of protein from control and the indicated time periods of thrombin-treated
cells were immunoprecipitated with anti-PPAR~y antibodies and the resulting
immunocomplexes were analyzed by Western blotting for pSer/Thr or acetyl lysine
antibodies and the blot was normalized to PPARy levels. B. Equal amounts of protein from
control and the indicated time periods of thrombin-treated cells were analyzed by Western
blotting for pATF2 levels and the blot was normalized to its total levels. C & D. Cells were
transfected with siControl or siATF2 (100 nM), quiesced, treated with and without thrombin
for 1 hr or 4 hrs and analyzed for CD36 levels and foam cell formation. The CD36 blot was
reprobed for ATF2 and B-tubulin levels to show the effect of the siRNA on its target and off
target molecules levels. E & G. Quiescent cells were treated with and without thrombin in
the presence and absence of SCH79797 (10 uM) or PF431396 (5 uM) for 1 hr and analyzed
by Western blotting for pATF2 levels and normalized to its total levels. F, H & I. Cells were
transfected with siControl, siGa.12, siGabl or siPKC8 (100 nM), quiesced, treated with and
without thrombin and analyzed by Western blotting for pATF2 levels. The blots were
reprobed for ATF2, Ga12, Gabl or PKC6 to show the effects of the siRNAs on their target
and off target molecules levels. J. CD36 promoter encompassing from -662 nt to +147 nt
was cloned, sequenced and analyzed by TRANSFAC for transcriptional factors binding
elements. K. The CD36 promoter encompassing from —662 nt to +147 nt was cloned into
pGL3 vector and the RAW264.7 cells were transfected with the empty vector or pGL3-
mCD36 promoter plasmids, growth-arrested, treated with and without thrombin for 6 hrs and
the luciferase activity was measured. L. The RAW264.7 cells were transfected with empty
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vector, pGL3-mCD36 or pGL3-mCD36m (mutant for ATF2-binding site) plasmids, growth-
arrested, treated with and without thrombin for 6 hrs and the luciferase activity was
measured. M. All the conditions were the same as in panel K except that after transfection
and quiescence, cells were treated with and without thrombin in the presence and absence of
SCH79797 (10 uM), PF431396 (5 uM) for 6 hrs and the luciferase activity was measured. N.
All the conditions were the same as in panel K except that after transfection with the
plasmids, cells were again transfected with siGab1l, siPKC6 or siATF2 (100 nM), quiesced,
treated with and without thrombin for 6 hrs and analyzed for luciferase activity. O. Nuclear
extracts of control and various time periods of thrombin treated cells were analyzed by
EMSA for ATF2 binding using ATF2 binding site at —107 nt as a biotin labeled
oligonucleotide probe. P. Nuclear extracts of control and thrombin-treated cells were
analyzed for the presence of ATF2 in the protein-DNA complexes by supershift EMSA. Q.
Control and thrombin-treated cells were analyzed for ATF2 binding to CD36 promoter by
ChIP assay. R. Primary peritoneal macrophages from WT mice were treated with and
without thrombin for the indicated time periods and analyzed by Western blotting for
pPKC6 pATF2 or CD36 levels and normalized to their total levels or p-tubulin. The bar
graphs represent Mean + S.D. values of three experiments. *, p < 0.05 vs control or
siControl or vector; **, p < 0.05 vs Thrombin, siControl + Thrombin or pGL3-mCD36p +
Thrombin. Scale bar is 50 pm.

Circulation. Author manuscript; available in PMC 2019 November 20.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Raghavan et al.

ApoE" B
:PKC8™

Cc

100+

75

o[ ]
—=—
CD WD

ApoE"

KDa ApoE" ApoE" :PKCE&"

N

75
75

PATF2
ATF2
cD36

- [JApoE* o E:po:' oo
e - poE™ a8
I ApoE-PKCE E Control Thrombin
= D o.M O @ ""
g 40 ; e >
H u» v e
I ol - g
g g
3 20 <
:
X
Q
w
o
<
5  Thrombin 5 Thrombin
£ (min) £ (min)
kpa 8 Mo 30 120" 8 Mo 30 120" . 06 [Control

O e em . = coi2

e e
100 —— S — pPyk2

IP: Par1

100 4TS e = - =] Pyk2

100{"" S, & -- [pGad!
100 | ———el——— | b1

75

7543

75 | S v e o |pATF2

75 { S v — e o —— |

75|~ ——— - |cp3g

50 | S——————— | .
]

m
ApoE™* ApoE":PKCE"

Thrombin 5 Thrombin
(min) £ (min)
o 30 120' 8 Mo 30 120
5] S e ] pPKCaII

— PKC
n m s—

ApoE™" ApoE":PKC8”"

Control

W Thrombin

c 0.5
% T *%
£ g 0.4
28 o3
TO
Q 0.2
§S
o 01
o0 ApoE™* ApoE":
PKCo*
F Thrombin - + - + G
75 [ cD36
75 [ ATF2 254
50 [ ——— B-Tubulin £
h g 2.0
siControl  SiATF2 2
® 1.5
Vehicle Thrombin 8
_ 1.0
[ 3
£ 2
=5
S E 05
@ =
0.0
o
=
<
@ |

Circulation. Author manuscript; available in PMC 2019 November 20.

[ Vehicle
W Thrombin

siControl

Page 27

SIATF2



1duosnuep Joyiny 1duosnuen Joyiny 1duosnue Joyiny

1duosnue Joyiny

Raghavan et al.

Page 28

pPYK2 (Red) Mac3 (Green Merged + DAPI PATF2 (Red) Mac3 (Green) Merged + DAPI

ApoE*
ApoE™"

[ ApoE*PKCE*

|| |

| ApoE":PKCE"

pGab1 (Red) CD36 (Red) Mac3 (Green) Merged + DAPI

Mac3 (Green) Merged + DAPI

ApoE*

ApoE™* |

[ ApoE+PKCE*
[ ApoE*:PKCe*

pPKC8 (Red) Mac3 (Green Merged + DAPI

n N
=] o
L )

ApoE*
>

=)
L

o
L

CD36 levels (1 x 10° RFU)

ApoE”  ApoE*:PKC6™"

[ ApoE*PKCE*

Thrombin

Thrombin

I : s f
‘g (min) g (min)
Kba 3 T10 30 120" S M0 30 120!
[ Py ———— | pPKCO
s T o —— | Prce
75 e | PATF2
75 ﬂ- —-——-—-—lATFZ
75 ] SPE—— — == —| CD36
50 | B-Tubulin
L Il |
ApoE*" ApoE*:PKCO™

Figure 6. Genetic deletion of PKCa gene reduces the diet-induced atherosclerotic burden.
A. Representative en face staining of aortas from ApoE"" and ApoE"":PKC6- mice fed

with WD for 16 wks are shown and the bar graph shows the plaque area as lesion %. B.
Representative Oil red O staining of the aortic root sections of the mice described in panel A
are shown and the bar graph represents the quantification of the area positive for lipid
staining. C. Equal amounts of protein from peritoneal macrophages of ApoE”- and
ApoE7:PKCO- mice fed with CD or WD for 16 wks were analyzed by Western blotting for
pPyk2, pGabl, pPKCO, pATF2 and CD36 levels and the blots were normalized to their total
levels. The CD36 blot was normalized to B-tubulin. D. The peritoneal macrophages isolated
from ApoE~~ and ApoE":PKC67- mice were treated with and without thrombin for the
indicated time periods and analyzed by Western blotting for pPyk2, pGabl, pPKC8,
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pPKCa/Bll, pATF2 and CD36 levels and the blots were normalized to their total levels. The
CD36 blot was normalized to p-tubulin. For Ga.12 activation, the cell extracts were
immunoprecipitated with anti-Par1 antibodies and the immunocomplexes were analyzed by
Western blotting for Ga.12 levels and the blot was normalized to Parl levels. E. The
macrophages from ApoE- and ApoE”:PKCO7" mice were also analyzed for thrombin-
induced foam cell formation. F & G. Peritoneal macrophages from ApoE- mice were
transfected with siControl or siATF2 (100 nm), quiesced, treated with and without thrombin
for 1 hr, 4 hr or 24 hr and analyzed for CD36 expression, foam cell formation and
proliferation, respectively. H. The aortic root cryosections of the mice described in panel B
were analyzed by double immunofluorescence staining for pPyk2, pGabl, pPKC8, pATF2
or CD36 in combination with Mac3. 1. Aortic SMCs from ApoE”~ and ApoE"":PKC6™-
mice were treated with and without thrombin for the indicated time periods and analyzed by
Western blotting for pPKC8 pATF2 or CD36 levels and normalized to their total levels or B-
tubulin. The bar graphs represent Mean + S.D. values of three experiments or 7 animals. *, p
< 0.05 vs ApoE™", or control; **, p < 0.05 vs ApoE”~ + Thrombin. Scale bars are 200 pm
(panel B), 20 um (panels E & F) and 100 um (panel H).
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Figure 7. PKCOmediates diet-induced monocyte differentiation towards Ly6Chi phenotype in
ApoE'/' mice.
A. Blood was collected from ApoE”- and ApoE”:PKC67- mice fed with WD for 16 wks,
peripheral blood mononuclear cells were collected by density-gradient centrifugation,
washed with RBC lysis buffer, resuspended into FACS buffer, blocked with mouse serum,
washed with FACS buffer and incubated with fixable viability stain 450, anti-CD90-PE, anti-
CD45R(B220)-PE, anti-CD49b-PE, anti-NK1.1-PE, anti-Ly6G-PE, anti-CD11b-APC, anti-
Ly6C-FITC, anti-F4/80-PerCP-Cy5.5, anti-1-Ab-PerCP-Cy5.5 and anti-CD11c-PerCP-Cy5.5
antibodies. After washings, the cells were resuspended into sorting buffer and subjected to
FACS analysis. The gating strategy is indicated as follows. Live cells (selected based on
viability stain and higher forward scatter and lower side scatter) were gated as PE™ cells (in
gate ). CD11b monocytes were gated as APC* cells from PE~ cells (in gate 11). CD11b*
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monocytes were gated as Ly6CNiF4/801°CD11c!°1-Abl°, Ly6ChiF4/80nicD11chil-Abh,
Ly6CloF4/80MiCcD11cN1-AbM and Ly6C!oF4/80!°CD11c!1-Abl0. All gates were set using
full-minus-one (FMO) controls. The percentages of each CD11b* monocyte subpopulations
for all mice are indicated in the respective gate. B. Aortas from ApoE~- and ApoE”:PKC6™-
mice fed with WD for 16 wks were collected, digested with a mixture of collagenase I,
collagenase XI, Dnase | and hyaluronidase, washed with Hank’s balanced salt solution,
resuspended in FACS buffer and subjected to FACS analysis as described in panel A. The
percentages of each CD11b* monocyte subpopulations for all mice are indicated in the
respective gate. C & D. The bar graphs represent the number of retrieved Ly6Chi and Ly6C!°
cells in the blood and aorta of WD-fed ApoE” mice versus ApoE”:PKC67 mice. E. The
Ly6Chi and Ly6C!° cells were retrieved and analyzed for CD36 mRNA levels by RT-PCR or
subjected to foam cell formation. F. Plasma from WD-fed ApoE”- and ApoE”:PKC67- mice
were analyzed for cytokines levels using mouse Multi-Analyte ELISArray Kit. Data were
presented as Mean + S.D. values of three experiments *, p < 0.01 vs ApoE™" mice (n = 6
with 3 mice per group per experiment). Scale bar is 20 pm.
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Table 1.

Plasma lipid profiles of CD and WD-fed ApoE™- and ApoE”:PKC8” mice.

Genotype Diet | Weight | Cholesterol HDL LDL Triglycerides | n
(gm) mg/dI mg/dl mg/dl mg/dI
ApoE" CD | 2462 340 + 45 206 + 23 108 + 22 136 + 50 6

ApoEPKCO™ | CD | 23742 | 385+100 | 214+45 | 149+59 | 78.01* |6

ApoE7 WD | 334+%3 853 + 216 528 £106 | 283 =138 194 +59 8

ApoE:PKCO” | WD | 323+3 | 760+271 | 440+236 | 301+242 138 +307 7

CD, chow diet; WD, western diet; HDL, high-density lipoprotein; LDL, low-density lipoprotein.

*
,p<0.05vs ApoE‘/‘ mice.
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