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Abstract

G2A is a stress-inducible G protein-coupled receptor that is expressed on several cell types within
atherosclerotic lesions. We demonstrated previously that G2A deficiency in mice increased aortic
monocyte recruitment and increased monocyte:endothelial interactions. To investigate the impact of
G2A deficiency in macrophages, we isolated peritoneal macrophages from G2A+/+ApoE—/— and
G2A—/-ApoE—/— mice. G2A—/-ApoE—/— macrophages had significantly lower apoptosis than
control macrophages. The pro-survival genes BCL-2, BCL-xL, and cFLIP were increased in G2A—/
—ApoE—/— macrophages. Macrophages from G2A—/—ApoE—/— mice also had increased pro-
inflammatory status that was indicative of a M1 macrophage phenotype. This was indicated by
significantly increased nuclear translocation of NF«kB, as well as production of IL-12p40, TNFa, and
IL-6, and reduced expression of Arginase-1. Moreover, G2A—/—ApoE—/— macrophages had reduced
ability to engulf apoptotic cells in vitro. We examined atherosclerosis in mice fed a Western diet for
10 weeks and found that G2A deficiency increased lesion size in the aortic root by 50%. Plasma lipid
levels were not changed in G2A—/—ApoE—/— mice. However, we found that absence of G2A
increased the number of aortic macrophages and attenuated apoptosis in this cell type. Moreover,
bone marrow transplantation studies indicated that deficiency of G2A in marrow-derived cells
significantly contributed to atherosclerosis development. In the absence of G2A, increased
macrophage activation and decreased apoptosis is associated with accumulation of macrophages in
the aorta and increased atherosclerosis.
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Introduction

Macrophages and T-lymphocytes play critical roles in the initiation and development of
atherosclerosis®. Activated endothelium recruits monocytes by secretion of chemoattractants,
after which monocytes bind to and subsequently transmigrate though the endothelial layer 2~
6. In addition to macrophages, CD4+ lymphocytes are detected in early atherogenesis and late-
stage unstable atherosclerotic lesions, consistent with a role for acquired immunity in lesion
development’—2. Lesional lymphocytes secrete the inflammatory cytokine IFN-y which further
activate macrophages and vascular cells 10713,

The G protein-coupled receptor G2A is a stress-inducible receptor. Overexpression in
fibroblasts causes cell cycle arrest at the G2 phase of mitosis, thus the name G2A for G2
accumulation 14, G2A expression attenuates Ber-Abl oncogene-mediated cell proliferation
while mice lacking G2A have an increased mortality rate in an oncogene-induced model of
leukemia 1°. The endogenous ligand for G2A is unknown, although putative ligands include
LPC16:17 9(S)HODE!8, and possibly other free fatty acids!®. G2A and other receptors within
the OGR1 family (TDAGS8, GPR4, and OGR1) respond to changes in extracellular pH 19,
However G2A is less responsive to pH changes compared to other receptor family
members20,

G2A is highly expressed on macrophages and lymphocytes, with lower expression found on
macrovascular endothelium 21:22, G2A has been localized to atherosclerotic lesions in mice,
consistent with a contributory role in the disease process 23. We have reported that G2A
deficiency increases monocyte:endothelial interactions in vivo resulting in increased monocyte
accumulation in aorta 22, In this prior study, we demonstrated a critical role of G2A in
endothelium, however, the impact of G2A-deficiency on the macrophage was not investigated.

In the current study, we hypothesize that G2A deficiency in macrophages would result in a
pro-inflammatory macrophage phenotype. Our data is consistent with this hypothesis, as
macrophages from G2A—-/—ApoE—/— show increased cytokine secretion, NFxB activation, and
associated increases in survival gene expression. G2A—/—ApoE—/— mice fed a diet high in
saturated fat for 10 weeks develop increased aortic root atherosclerosis compared to G2A+/
+ApoE—/-. These data demonstrate that G2A-deficiency results in a pro-inflammatory
macrophage M1 phenotype that is associated with increased atherosclerosis.

Materials and Methods

Results

Detailed methods can be found online at www.circres.ahajournals.org. For the current studies,
we fed G2A+/+ApoE—/— and G2A—/-ApoE—/— double knockout mice a Western (Harlan
Teklad 88137) for ten weeks. We measured atherosclerosis using aortic root and en face
techniques. In some studies, thioglycollate-elicited peritoneal macrophages were obtained
from mice for measurements of apoptosis using flow cytometry and real-time PCR and
macrophage inflammatory phenotype using ELISA and real-time PCR. We also performed
atherosclerosis measurements in ApoE—/— and LdIr—/— recipient mice fed a Western diet for
ten weeks that had received ApoE—/—, G2A—/—ApoE—/—, LdIr—/—, or G2A—/-LdIr—/— bone
marrow cells in a series of bone marrow transplantation studies.

Activation of NFkB in G2A deficient macrophages

Upon activation, NF«B is translocated to the nucleus where it acts as a transcription factor.
We found that NF«B p65 levels were significantly increased in macrophage nuclear extracts
from G2A—/—ApoE—/— mice (Figure 1A). Phosphorylation of nuclear NF«kB p65, another
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measure of NFxB activation, was also increased in G2A—/—ApoE—/— macrophages (data not
shown). AKT is involved in NF«B signaling 37 and AKT phosphorylation activates the BCL
family of anti-apoptotic factors. Peritoneal macrophages from G2A—/—ApoE—/— mice showed
increased AKT phosphorylation compared to G2A+/+ApoE—/— control (Figure 1B). Figure
1C represents densitometry of 6 mice per group.

G2A-/-ApoE-/- macrophages have reduced apoptosis

We examined expression of genes involved in inflammation and apoptosis. Several survival
gene targets of NFxB were upregulated in G2A—/—ApoE—/— macrophages compared to control,
including BCL-2, BCL-xL, and cFLIP (Figure 2A). In addition, IAP2 was increased 1.8-fold,
and expression of p73 and p53, two pro-apoptotic genes, was reduced 2.7-fold (Figure 2A).
Interestingly though, we observed significant upregulation of several other pro-apoptotic
genes, including FasL, PAKY7, and Caspase-12 (Figure 2A), suggesting that G2A expression
in the macrophage must regulate apoptotic/survival pathways, and in the absence of G2A, these
significantly pathways become dysregulated.

To examine whether the macrophages exhibited a functionally pro-apoptotic or pro-survival
phenotype, we performed several assays. First, we measured Annexin V staining on freshly
isolated peritoneal macrophages from G2A—/—ApoE—/— and G2A+/+ApoE—/— mice using
flow cytometry (Figure 2B). G2A—/-ApoE—/— macrophages showed significantly less
Annexin V staining as measured by flow cytometry (Figure 2B). Alternatively, peritoneal
macrophages were plated overnight on chamber slides and stained for TUNEL or cleaved
Caspase-3. G2A—/-ApoE—/— macrophages showed significantly less TUNEL staining,
(P<0.001; Figure 2C), and less cleaved Caspase-3 than G2A+/+ApoE—/— (Figure 2C). Taken
together, these results indicate that G2A deficiency in macrophages activates pro-survival
signaling pathways thereby preventing apoptosis, even though several pro-apoptotic pathways
are activated in these macrophages.

G2A-/-ApoE-/- macrophages are pro-inflammatory and have impaired apoptotic cell

engulfment

We next examined the inflammatory phenotype of G2A—/—ApoE—/— and G2A+/+ApoE—/—
macrophages. 1L-12p70, TNFa, MCP-1, I1L-10, and IL-6 secretion into culture media were all
significantly higher in G2A—/—ApoE—/— macrophages compared to control (Figure 3A). IFN-
v levels were unchanged. Additionally, quantitative real-time RT-PCR was performed on RNA
isolated from peritoneal macrophages from G2A—/—ApoE—/—and G2A+/+ApoE—/— mice, and
we observed similar inductions of cytokine mRNA expression (Figure 3B). In addition, we
found significant reductions in Arg-1 and TGFf expression in G2A—/—ApoE—/— macrophages
(Figure 3B), both of which have been linked to a M2 alternative, anti-inflammatory
macrophage phenotype38. We also found similar changes in gene expression in macrophages
isolated from whole aorta (data not shown). Taken together, these data suggest that G2A
deficiency promotes an inflammatory M1-like macrophage phenotype.

Next, we measured the ability of the G2A—/—ApoE—/— macrophages to engulf apoptotic cells.
Efficient clearance of apoptotic cells by phagocytic macrophages is associated with promotion
of an anti-inflammatory, M2-like phenotype. As shown in Figure 3C, G2A—/—ApoE—/—
macrophages showed reduced ability to engulf apoptotic cells in vitro. Since defective
apoptotic cell clearance from the vessel wall is associated with increased atherosclerosis3®:
40, these data would suggest that G2A deficiency in macrophages would contribute to
atherosclerosis development.
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Apoptosis and anti-apoptotic gene expression after treatment with oxidized LDL

Peritoneal macrophages from 6 each of G2A+/+ApoE—/— and G2A—/—ApoE—/— mice were
isolated and stimulated with the treatment of with oxidized LDL (50ug/mL) for 18 hours. After
treatment, cells were collected for measurement of apoptosis and survival gene expression.
Apoptosis, as measured by annexinV staining, was significantly reduced in G2A—/—ApoE—/—
macrophages compared to G2A+/+ApoE—/— control (P<0.002). Treatment with oxLDL
increased apoptosis in G2A+/+ApoE—/— by 50% (P<0.01), but did not significantly increase
apoptosis in G2A—/—ApoE—/— macrophages. Figure 4A shows representative dot plots from
each group. The survival genes BCL-2, BCL-xL, and cFLIP as well as iNOS expression were
all significantly increased in G2A—/—ApoE—/— macrophages compared to control (P<0.001),
while treatment with oxLDL further increased survival gene and iNOS expression in G2A—/
—ApoE—/— macrophages (P<0.002) (Figure 4B). Treatment of G2A+/+ApoE—/— macrophages
with oxLDL reduced expression of the survival genes BCL-2, BCL-xL, and cFLIP (P<0.005).
Arginase | expression was significantly reduced in untreated G2A—/—ApoE—/— compared to
G2A+/+ApoE—/— (P<0.02), but was restored to control levels upon stimulation with oxLDL
(Figure 4B).

Atherosclerosis lesion analysis and characterization

We next examined atherosclerosis development in G2A-deficient mice after ten weeks of
Western diet feeding. We found that fasting total cholesterol concentrations were elevated in
both groups. There were no significant differences between G2A+/+ApoE—/— and G2A—/
—ApoE—/— mice in blood glucose levels (306mg/dL+/—36.2 vs 282.7mg/dL +/-48.1), total
cholesterol (1084mg/dL +/-107.4 vs 972.5mg/dL +/-161.5), HDL (16.1mg/dL +/—2.1 vs
16.4mg/dL +/-3.1), LDL (1052mg/dL +/—124.9 vs 943.3mg/dL +/-157), or triglycerides
(128.7mg/dL +/-28.6 vs 132.4mg/dL +/-28.9) respectively. Body weight at the end of the
experiment also did not differ between groups (G2A+/+ApoE—/—, 22.2g+/-2.8 vs G2A—/
—ApoE—/—, 21.6g+/-3.6).

G2A deficiency did lead to significantly increased concentrations of MCP-1 and IL-6 in
plasma, however (P<0.005; Figure 5). Plasma concentrations of IFN-y, IL-12p70, IL-10, and
TNFo were below the detection sensitivity of the assay in all groups (data not shown).

Aortic root sections from G2A+/+ApoE—/— and G2A—/—ApoE—/— mice were collected and
lesion area was measured in both the sinus and the ascending aortas as indicated in Figure 6A,
with the “0” point indicating the transition between these areas. After 10 weeks Western diet
feeding, G2A—/—ApoE—/— mice showed increased atherosclerosis development within
—240uM to +240uM from the transition (P<0.001; Figure 6A). Movats pentachrome and
picrosirius red staining of 5uM sections from aortic roots (taken at +160uM from the transition)
demonstrated that G2A deficiency led to greater collagen content in the aortic root suggesting
formation of complex atherosclerotic plaques (Figure 6B). Using Movats stain, collagen
content is apparent by dark purple to black coloration 3. Using picrosirius red staining,
collagen content of the lesion is visible by red staining under normal light. Under polarized
light, red, orange, yellow, and green colors are apparent (the colors of collagen fibers in order
of decreasing thickness) (Figure 6C) 36.

Absence of G2A in marrow-derived cells contributes to early atherosclerosis development

Bone marrow transplantation studies were performed in ApoE—/— recipients using ApoE—/—
and G2A—/—ApoE—/-bone marrow and in Ldlr—/— recipients using LdIr—/— and G2A—/-LdIr
—/— bone marrow. After 6 weeks of reconstitution, mice were placed on a Western diet for 10
weeks. Atherosclerosis was measured using en face analysis. As shown in Figure 7, the percent
plaque area was greater in ApoE—/— recipients receiving apoE—/— marrow compared to Ldlr
—/— recipients receiving Ldlr—/— marrow. In the apoE—/- recipients, we observed a trend
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towards increased plaque area in the mice that received G2A—/—ApoE—/— bone marrow, but
the data did not reach statistical significance. However, in the Ldlr—/— recipients, absence of
G2A in marrow-derived cells significantly increased aortic plaque area, p<0.003 (Figure 7).
Taken together, these data suggest that G2A expression in macrophages contributes
significantly to atherosclerosis development, yet does not rule out some contribution of non-
marrow derived cells.

Higher macrophage content in aortic wall of G2A-/- mice

Finally, we examined macrophage numbers in the aortic wall using a novel flow cytometry
method developed by Ley and colleagues3!. Macrophage content in vivo in the aortic wall of
G2A—/—ApoE—/— mice was significantly higher than that of ApoE—/— control (P<0.002) as
measured by dual staining for CD45 and F4/80 (Figure 8A). However, total monocyte and
lymphocyte counts in blood were similar between the two experimental groups (data not
shown). Thus, the increase in aortic wall macrophage accumulation does not occur as a result
of increased leukocyte numbers in blood of the G2A—/—ApoE—/— mice. We anticipate that the
increased aortic wall content is due to increased monocyte:endothelial cell interactions in the
arterial wall in the absence of G2A, which we have previously reported?2. Moreover, G2A—/
—ApoE aortic root cross-sections, while having a greater plaque area and macrophage content,
had significantly less TUNEL*/DAPI* co-staining (Figure 8B). The regions of positive
TUNEL staining in G2A—/—ApoE—/— lesions showed very little co-staining for either DAPI
nuclei or MAC-2 macrophage indicating these areas are necrotic. We found approximately a
5% increase in %necrotic core/total plaque area ratio in the aortic roots of G2A—/—ApoE—/—
mice compared to G2A+/+ApoE—/— mice. Aortic root sections from ApoE—/— mice had more
macrophage staining as measured by MAC-2* staining as well as greater TUNEL*/DAPI*
staining. These data combined with our in vitro data on macrophage function suggest that the
reduced macrophage apoptosis observed in G2A—/—ApoE—/— mice contributes to aortic
macrophage accumulation and atherosclerosis.

Discussion

G2A is a G protein-coupled receptor that is highly expressed in macrophages and
lymphocytes?!. The endogenous ligand for G2A remains unclear 18:42=44 however there is
some evidence that G2A is involved in atherosclerotic lesion development in animal models
21,23 We have recently found that absence of G2A in mice contributes to cholesterol gallstone
disease?®, although G2A has not, to date, been defined as a Lith gene. The gene in humans that
corresponds to G2A is GPR132. Currently, there are no known reported associations of
polymorphisms in GPR132 with clinical disease in humans. Recently, however, we have
discovered single-nucleotide polymorphisms (SNPs) within GPR132 that are associated with
internal intimal media thickness (IMT) of the carotid artery in patients (data not shown). Thus,
GPR132 (G2A) may indeed represent a clinically relevant gene for lipid metabolism and
atherosclerosis.

In the current study, we investigated the impact of G2A-deficiency on macrophage function
and atherosclerosis in ApoE—/— mice. G2A—/—ApoE—/— mice fed a fat-enriched diet for 10
weeks had significantly greater aortic sinus lesion area compared to G2A+/+ApoE—/— mice.
G2A-/-ApoE—/— mice additionally had significantly higher numbers of macrophages present
in the aortic wall compared to G2A+/+ApoE—/—. While there was no difference in circulating
lipid levels, G2A—/—ApoE—/— mice had significantly greater plasma IL-6 and MCP-1 levels.
Moreover, macrophages isolated from these mice had increased production of pro-
inflammatory cytokines, and reduced expression of anti-inflammatory genes. These data
suggest that G2A deficiency promotes a pro-inflammatory M1 macrophage phenotype that
contributes to atherosclerotic lesion development.

Circ Res. Author manuscript; available in PMC 2010 February 13.
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In related studies of G2A function, Parks et al. examined G2A-deficient mice on a LDLR—/-
background and noted increased macrophage content and decreased macrophage apoptosis
with no effect on atherosclerotic lesion size after e0069ther 6 or 12 weeks of Western diet
feeding 21. A second study from the same group demonstrated that G2A-deficiency decreased
atherosclerosis in G2A—/—LDLr—/— mice at later times points of diet feeding 46. In the second
study, these investigators reported significant elevations in plasma HDL levels in the G2A—/
—LDLr—/— mice when fed a Western diet for both 9 and 20 weeks. They observed a significant
decrease in atherosclerosis in G2A—/-LDLr—/— mice at both time points of feeding that could
possibly be attributed to increased plasma HDL concentrations. Our studies were performed
in ApoE—/— mice for ten weeks and we did not observe changes in HDL. Moreover, we
performed bone marrow transplantation studies in both genetic backgrounds and found that
deficiency of G2A in bone marrow-derived cells significantly contributed to atherosclerosis
(Figure 7). In the apoE—/— background, this trend did not reach statistical significance, most
likely due to the small number of animals available for study. However, the effect was quite
dramatic in the Ldlr—/— mice, and our findings are opposite to those of Parks et al 21:46, HDL
levels were similar among groups in our BMT studies (data not shown), which is different from
the studies by Parks. However, taken together, the collective results of our studies and those
of Parks et al. suggest that G2A expression in multiple cell types influences atherosclerosis.
Indeed, absence of G2A in hepatocytes, lymphocytes and in endothelium clearly influences
inflammatory and immune processes related to atherosclerosis?2:41:45, Development of floxed
mice for cell-specific studies of G2A deficiency is needed to dissect the important contributions
of G2A in each cell type on atherosclerosis.

G2A expression has been shown to influence apoptosis in leukocytes 16:21:47 Recent studies
suggest an important role of apoptosis in atherosclerotic plaque formation 48:49. Our previous
study demonstrated that G2A-deficiency resulted in increased NFxB activation in murine aortic
endothelial cells 22. Since NF«xB activation targets survival gene expression resulting in
decreased apoptosis °°, we investigated whether this was relevant in macrophages in the current
study. Indeed, G2A—/—ApoE—/—macrophages showed significantly higher levels of NF«kB p65
expression in the nucleus that corresponded with increased survival gene expression.
Expression of NFkB-controlled genes that are important for cell survival, including bcl-2, bcl-
XL, TRAF, and cFLIP was elevated in macrophages from G2A—/— mice. These G2A-deficient
macrophages also showed significantly lower TUNEL, cleaved Caspase-3, and Annexin V
staining. Furthermore, we observed downregulation of the pro-apoptotic genes, p53 and p73,
which have been shown to be downregulated by NFxB °1. Concomitantly with the increase in
pro-survival genes, we observed increased numbers of macrophages in the aortic wall of G2A
—/—mice invivo, suggesting that G2A deficiency causes macrophage accumulation in the aortic
wall through promoting macrophage survival. We speculate from our data that NFxB activation
is the primary regulator of macrophage survival in the absence of G2A. Since we have observed
activation of NFkB in endothelium as well, we anticipate that G2A expression somehow serves
to inhibit NFkB. The mechanisms for this are unknown, but are currently being studied in the
laboratory. In preliminary studies, we have not observed significant changes in IxB expression
(data not shown), but we have observed increased AKT activity in the G2A—/—ApoE—/—
macrophages, which has been shown to increase NFxB °2. However, we cannot rule out
contributions of other survival pathway genes in regulating apoptosis in the G2A—/—
macrophages. Moreover, we found upregulation of a few pro-apoptotic genes, including FasL,
and caspase-12 in G2A—/— macrophages, which suggest that the macrophages in G2A—/—mice
have become dysregulated, most likely impacting their inflammatory phenotype as well.
Indeed, caspase-12 is induced by ER stress, which often occurs as a result of free cholesterol
loading in macrophages °3. ER stress can contribute to a pro-inflammatory macrophage
phenotype 4°.

Circ Res. Author manuscript; available in PMC 2010 February 13.
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Under normal conditions, macrophages act to maintain homeostasis in the aortic wall.
Classically-activated (M1-type) macrophages exhibit strong microbicidal properties, thereby
promoting I1L-12 and TNFa-mediated Th1 responses ®*. In contrast, alternatively activated
(M2-type) macrophages secrete anti-inflammatory cytokines such as TGFp, ingest and clear
cell debris, and are rapidly cleared from the wall, thereby contributing to the resolution of
inflammation. In normal tissue and during early atherosclerosis, M2-type macrophages help
to stabilize the environment of the vessel wall by promoting effective efferocytosis of dying
cells 5. Chronic activation of M1-like macrophages promotes an unstable vessel environment,
reducing efferocytosis and triggering secondary necrosis of vascular wall cells, thereby
contributing to the advanced atherosclerotic plaque formation 49, G2A has recently been
identified as a phagocyte receptor on macrophages, in which G2A recognizes ‘find me’ signals
such as lysophosphatidylcholine metabolites that are secreted by dying cells. The increased
collagen content observed in aortic roots of G2A-deficient mice (Figure 6) suggests that there
is increased secondary necrosis of vascular wall cells that contribute to plague complexity.
This finding is consistent with the notion of Peter, et al. that G2A may serve as a phagocytic
receptor 26, Thus, the absence of G2A on macrophages may contribute to atherosclerosis
through impairing efferocytosis pathways, in which various ‘find me’ signals secreted by dying
cellsare no longer recognized by the macrophage in the absence of G2A. We did find reductions
in apoptotic cell engulfment in G2A—/— macrophages in vitro, supporting this hypothesis
(Figure 3). Moreover, defective apoptotic cell clearance has been linked to atherosclerosis in
mice 39, Future studies to determine the specific roles of the G2A receptor in apoptotic cell
clearance and its subsequent impact on atherosclerosis will be needed to fully address this
hypothesis.

In conclusion, we demonstrate that G2A deficiency caused increased atherosclerosis in the
aortic sinus of ApoE—/— mice fed a Western diet. We propose this is due to increased numbers
of lesional macrophages and decreased macrophage apoptosis in the aortic wall. These findings
demonstrate that G2A-deficiency triggers an abnormal inflammatory macrophage phenotype
that contributes to atherosclerosis development, suggesting a critical role of G2A in
macrophage homeostasis.
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Figure 1. NFxB is activated in G2A—/— macrophages

Cytosol and nuclear extracts were isolated as described in Methods from G2A+/+ApoE—/—
and G2A—/—ApoE—/— mice fed a Western diet for 10 weeks. Images shown are peritoneal
macrophages isolated from three mice from each group. Panel A. 50ug of nuclear proteins
were analyzed by SDS-PAGE for NFkBp65 or histone. Panel B. 50ug of cytosolic proteins
were used to analyze levels of phosphorylated AKT and B-actin. Panel C. Graph represents
densitometry of 6 mice per group. *Significantly greater than G2A+/+ApoE—/— control,
P<0.002, **significantly greater than control, P<0.005.
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Figure 2. Increased survival gene expression and reduced apoptosis of macrophages in G2A—/-
mice

Panel A. Gene expression. Pro-survival and pro-apoptotic gene expression in peritoneal
macrophages isolated from G2A+/+ApoE—/— and G2A—/-ApoE—/— mice fed a Western diet
for 10 weeks was analyzed by quantitative real-time RT-PCR. *p<0.005, **p<0.0001, #p<0.01
between G2A+/+ApoE—/— and G2A—/—-ApoE—/-. Panel B. Measurements of macrophage
apoptosis. Peritoneal macrophages were isolated as described in Methods from ten each of
G2A+/+ApoE—/— and G2A—/-ApoE—/— mice fed a Western diet for 10 weeks. Macrophages
were stained for AnnexinV-Alexa647 using the Vybrant Apoptosis assay kit (Molecular
Probes) according to the manufacturer’s instructions. Data was analyzed using FlowJo
software. Representative dot plots are shown for each group, and the mean percentage of
7,AAD-AnnexinV+ cells per group was plotted. *Significantly less than G2A+/+ApoE—/-
control, P<0.0001. Panel C. TUNEL and caspase-3 staining. Peritoneal macrophages from
each group were stained for TUNEL using the TMR red in situ TUNEL assay kit (Roche
Applied Sciences) or stained for cleaved Caspase-3 as described in Methods. Nuclei were
stained with DAPI (blue). *Significantly less than G2A+/+ApoE—/- control for TUNEL,
p<0.0005; *Significantly less than G2A+/+ApoE—/— control for cleaved caspase-3, p<0.002.
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Figure 3. Inflammatory cytokine production by G2A—/— macrophages

Panel A. Cytometric bead arrays were used to analyze inflammatory cytokine secretion from
G2A+/+ApoE—/— and G2A—/—ApoE—/— peritoneal macrophages fed a Western diet for 10
weeks. Assays were conducted according to the manufacturer’s instructions. #Significantly
greater than G2A+/+ApoE—/— control, P<0.02, *significantly greater than G2A+/+ApoE—/—
control, P<0.005. Panel B. Quantitative real-time RT-PCR of macrophage inflammatory
markers represented as relative expression and normalized to -actin. *p<0.001,
**n<0.0001, #p<0.008. Panel C. Peritoneal macrophages from G2A+/+ApoE—/— and G2A—/
—ApoE—/— mice fed a Western diet for 10 weeks were incubated with fluorescently-labeled
apoptotic Jurkat cells for 15 minutes for an engulfment assay. The percentage of engulfed cells
was determined as a measure of fluorescence by flow cytometry. *p<0.03, Data represent an
‘n’ of 4 mice per group.
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Figure 4. Oxidized LDL treatment of peritoneal macrophages

Panel A. Peritoneal macrophages were isolated from 6 mice per group fed chow, treated +/—
oxLDL (50pug/mL) for 18 hours and stained for AnnexinV-Alexa647 using the Vybrant
Apoptosis assay kit (Molecular Probes) according to the manufacturer’s instructions. Data was
analyzed using FlowJo software. Representative dot plots are shown for each group. Panel
B. Quantitative real-time RT-PCR of anti-apoptosis genes and macrophage inflammatory
markers represented as relative expression and normalized to -actin. * Significantly lower
than G2A+/+ApoE—/— control, P<0.005, **greater than G2A+/+ApoE—/— control, P<0.001, #
greater than G2A—/~ApoE—/—, P<0.002, ¥ less than G2A+/+ApoE—/— control, P<0.02.
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Figure 5. Plasma cytokine concentrations

Blood was collected from 15 each of G2A+/+ApoE—/— and G2A—/-ApoE—/— mice after 10
weeks on Western diet via cardiac puncture. Plasma was analyzed for cytokine production
using a cytometric bead array and flow cytometry. *Significantly higher than G2A+/+ApoE
—/— control, P<0.002.
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Figure 6. G2A—/-ApoE—/— mice have increased atherosclerosis after 10 weeks of diet feeding
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Panel A. Atherosclerotic lesion analysis. Aortic roots from G2A+/+ApoE—/— and G2A—/
—ApoE—/— mice were embedded in paraffin. 5uM sequential sections from the aortic sinus and
the descending aorta (—400uM to +480uM from the transition) were sectioned and stained
using oil red O, and lesion area was quantified using Image Pro software analysis.
*Significantly greater lesion area than G2A+/+ApoE—/— control (from —240uM to +240uM,
P<0.001). Panel B. Movat staining of aortic root sections. 5uM sections from the aortic sinus
and the descending aorta at +160M were stained using pentachrome MOVAT stain. Collagen
and reticulum fibers - yellow to greenish yellow. Panel C. Picrosirius red staining of aortic
root sections. 5uM sections at +160uM from the transition were stained using picrosirius red
stain and visualized under bright field and polarized light. Under normal light, collagen content
of the lesion is visible by red staining. Under polarized light, red, orange, yellow, and green
colors are apparent (the colors of collagen fibers in order of decreasing thickness) 3.
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Figure 7. Absence of G2A in marrow-derived cells contributes to atherosclerosis

Female LDLR—/— or apoE—/— mice were irradiated and transplanted with donor bone marrow
(Ldlr—/—, G2A—/-LdIr—/—, apoE—/—, G2A—/—ApoE—/-) as indicated in the figure. Mice were
reconstituted for 6 weeks, after which they were fed a Western diet for 10 weeks.
Atherosclerosis was assessed by measuring en face aortic lesion area.
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Figure 8. Increased numbers of macrophages in the aortic wall of G2A—/—ApoE—/— mice

Panel A. Whole aorta flow cytometry for macrophage content. Aortas were isolated from ten
each of G2A+/+ApoE—/— and G2A—/—ApoE—/— mice after 10 weeks on Western diet. Aortas
were digested and analyzed for leukocyte content by flow cytometry as described in Methods.
Data was analyzed using FlowJo software and the total number of CD45+F4/80+ cells/aorta
was plotted. *Significantly greater than G2A+/+ApoE—/— control, P<0.005. Panel B.
Fluorescent imaging of lesional macrophage apoptosis. 5uM aortic root sections at +160uM
from the transition were stained for resident macrophages and apoptosis. Green: MAC-2; Red:
TUNEL; Blue: DAPI nuclear stain. G2A—/—ApoE—/— aortic root sections showed increased
individual macrophage staining and decreased TUNEL. G2A+/+ApoE—/— sections showed
increased MAC-2/TUNEL colocalization to nuclear intact cells as indicated by the arrows (pink
color).
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