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ABSTRACT

Atherosclerosis is an inflammatory disease process associated with elevated levels of plasma
cholesterol, especially low-density lipoproteins. The latter become trapped within the arterial
wall and are oxidized and taken up by macrophages to form foam cells. This process is an
initiating event for atherosclerosis. Fatty acid binding proteins (FABP) are involved in fatty acid
metabolism and cellular lipid transport, and adipocyte FABP (aP2) is aso expressed in
macrophages. We recently generated mice lacking both apolipoprotein (Apo)E and aP2 (ApoE ™
aP2™") and found that these mice, compared with ApoE"~ mice, developed markedly smaller
atherosclerotic lesions that contained fewer macrophages. Here we investigated the
mechanism(s) responsible for this prevention of atherosclerotic lesion formation. Bone marrow
tran§)l antations were performed in ApoE”~ mice, receiving cells from either ApoE™~ or ApoE ™"~
aP2"~ mice. The lack of aP2 in donor marrow cells led to the development of smaller (5.5-fold)
atherosclerotic lesions in the recipient mice. No differences were found in plasma cholesterol,
glucose, or insulin levels between recipients of bone marrow cells from ApoE™~ or ApoE""aP2™"
mice. However, the expression of chemoattractant and inflammatory cytokines was decreased in
macrophages from ApoE’~aP2”~ mice compared with ApoE™~ mice, which may contribute to
the decrease in atherosclerotic lesion formation. Taken together, we demonstrate the importance
of macrophage aP2 in the development of atherosclerotic lesions.
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plasma levels of cholesterol (1, 2). Of particular importance among the cholesterol

lipoproteins for the development of atherosclerotic lesions is an elevation in low-density
lipoproteins (LDL). Nevertheless, beyond this metabolic derangement, atherosclerosis is a
disease of inflammation (2).

Q n important risk factor for the development of atherosclerosis is the presence of high

The earliest noted atherosclerotic lesions, fatty streaks, consist of monocyte-derived
macrophages and T-lymphocytes (3). Throughout the course of atherosclerotic lesion formation,
mononuclear cells (predominantly monocytes and macrophages [4]) are contributing to the
development of more advanced lesions. LDL within the vessel wall become oxidized (oxLDL),
and are taken up by macrophages via scavenger receptors on their cell surface (2). The uptake of
oxLDL leads to the development of foam cells. A continued inflammatory response, including
the activation of mononuclear cells that produce chemoattractant (chemokines),
proinflammatory, and growth-inducing cytokines, leads to more advanced, complex lesions (2).
The importance of macrophages in atherosclerotic lesion formation has been shown by using
genetic models of hypercholesterolemia in mice. Hypercholesterolemic mice generated with a
deficiency in apolipoprotein (Apo)E (5, 6) and also a deficiency in macrophage colony-
stimulating factor (resulting in a decreased number of peripheral blood monocytes) (7, 8) have
shown a significant reduction in lesion size compared with a deficiency in ApoE aone.
Similarly, targeted disruption of the gene-encoding macrophage scavenger receptor-A in mice
led to a reduction in lesion size in ApoE deficient mice (9). Other investigators have shown in
hypercholesterolemic mice that a lack of monocyte chemoattractant protein (MCP)-1 (10), or its
receptor CCR2 (11), caused a decrease in macrophage infiltration and lesion size; whereas
overexpression of MCP-1 in bone marrow-derived cells of ApoE™" mice accelerated the
development of atherosclerotic lesions (12).

Recently, we have demonstrated that adipocyte fatty acid binding protein (AFABP or aP2) is an
important factor in the development of atherosclerosis (13). Fatty acid binding proteins (FABP)
belong to a family of low-molecular-weight cytoplasmic proteins that are involved in
intracellular trafficking of fatty acids to their sites of use and cellular lipid transport (14). In
addition, FABP have been linked with enzymes of lipid metabolism (15-17). Although aP2 is
expressed highly in differentiated adipocytes (18), recently it has been shown that aP2 is also
expressed in macrophages (13, 19)—a cell type critical in the evolution of atherosclerosis—and
that aP2 is up-regulated during macrophage differentiation (13). By crossing aP2-deficient (aP2”
) mice with ApoE-deficient (ApoE™") mice, we determined that a lack of aP2 led to smaller,
less complex lesions (13) in ApoE”~ mice fed a high-fat, Western diet. Moreover, we found that
atherosclerotic lesions in ApoE"aP2”~ mice have a marked reduction in macrophage
accumulation.

Another risk factor for the development of atherosclerosis is diabetes (20, 21). When aP2-
deficient mice were characterized initially, it was reported that these mice that were fed a high-
fat diet lacked obesity-induced hyperinsulinemia and insulin resistance that was present in wild-
type (WT), control mice (22). However, alater study showed no difference in insulin resistance
between aP2-deficient and wild-type mice fed the same high-fat diet (23). It was suggested that
keratinocyte fatty acid binding protein (KFABP) could compensate functionally for the lack of
aP2 during high-fat feedings (23).



The present study was designed to elucidate further the mechanism(s) responsible for the
prevention of advanced atherosclerotic lesion formation in hypercholesterolemic mice lacking
aP2. In particular, we wanted to determine whether the reduction in lesion formation in the
absence of aP2 was related to an ateration in bone marrow-derived macrophages, cholesterol
levels, or glucose/insulin levels.

MATERIALSAND METHODS
Mice

aP2™~ mice back-crossed and fixed on a C57BL/6 background (24) were mated with ApoE™"
mice (C57BL/6JApoe™™ Jackson Laboratories. Bar Harbor, ME) to generate mice
heterozygous for ApoE and aP2 (ApoE"~ aP2*"). These mice were then bred to generate the
mice for this study, which include WT, ApoE™", aP2™", or ApoE™~ aP2”". The mice were
genotyped by polymerase chain reaction analysis, which was confirmed by Southern blot
analysis.

Bone marrow transplantation

Donor ApoE~~ or ApoE”~ aP2™~ mice, 8 to 10 weeks of age, were killed, and bone marrow cells
were harvested from the femurs and tibias as described (25, 26). Recipient ApoE™ mice, 4 to 5
weeks of age, were irradiated with 1100 cGy of gamma irradiation in a single dose and then
injected with 2 x 10° bone marrow cells via tail vein injection (26). Control experiments were
performed to evaluate hematopoietic reconstitution by using the previously mentioned doses of
irradiation and bone marrow cell replacement in C57BL/6J mice 4 to 5 weeks of age. We
determined by flow cytometry techniques after transplantation that 86% of circulating bone
marrow-derived cells came from the donor marrow (data not shown).

Atherogenic diet

After completion of the bone marrow transplantations, the mice were placed on a Western diet
(Teklad Adjusted Calories Western-type diet, 88137, Harlan-Teklad, Madison, WI) containing
21% fat by weight to accelerate the development of atherosclerosis.

Immunohistochemical staining and mor phometry

After 12 weeks on the high-fat, Western diet, the mice were anesthetized and their vasculature
was perfused with phosphate buffered saline and histologic analysis of the vasculature was
performed. The arch of the aorta and the right brachiocephalic artery were dissected out, fixed by
immersion in methyl Carnoy’s solution, dehydrated, and then embedded in paraffin. We
analyzed sections of tissue from the same anatomical level of the right brachiocephalic artery.
Vessel sections from the mice were stained with Verhoeff’s stain for elastin (27) to assess lesion
area and luminal occlusion. The areas of the atherosclerotic lesions and the lumens were
measured by computerized planimetry. The percentage of luminal occlusion was calculated as
the area of lesion divided by the entire area within the internal elastic lamina, multiplied by 100.



Plasma cholesterol, glucose, and insulin levels

Mice that were fed the high-fat, Western diet for 12 weeks were fasted for 4 h in the morning.
Blood was then drawn from the retro-orbital venous plexus and placed into
ethylenediaminetetraacetic acid (EDTA)-coated tubes on ice. The samples were then centrifuged
and the plasma was removed and stored at —20°C until further analyses. We determined total
cholesterol with a commercialy available enzymatic reaction kit (Sigma Chemical Co., St
Louis, MO). Plasma glucose levels were determined by the glucose oxidase and peroxidase
method as described by the manufacturer (Sigma). We measured plasma glucose levels by using
a microplate analyzer at an absorbance wavelength of 505 nm. Plasma insulin levels were
measured by an ultrasensitive rat insulin ELISA method (ALPCO Diagnostics, Windham, NY),
according to the manufacturer recommendations for mouse plasma.

Cholesterol esterification and uptake in macrophages

We harvested peritoneal macrophages from wild-type or aP2”~ mice as described (28). Staining
with a-naphthyl butyrate esterase (Sigma) revealed the cells to be of macrophage origin (data not
shown). Oxidized LDL was obtained from Biomedical Technologies, Inc. (Stoughton, MA) The
extent of LDL oxidation was determined colorimetrically by using the TBARS (thiobarbituric
acid reactive substances) assay with malondialdehyde (MDA) as a standard. The preparations of
OXLDL used in these studies contained 17.9-19.2 nM of MDA/mg protein. Peritoneal
macrophages were cultured for 8 or 24 h in the presence or absence of oxLDL (50 ug protein/ml)
and [**C]oleic acid complexed to abumin as previously described (28). At the time of harvest,
the lipids were then extracted from the cells and analyzed [**C]cholesteryl oleate accumulation,
as described previously (28).

Northern and RNase Protection assays

Total RNA was obtained from harvested peritoneal macrophages by guanidinium isothiocyanate
extraction (29). Northern blot analysis was performed as described (29) by using probes for aP2,
KFABP, and normalized by hybridization to a **P-labeled 28S oligonucleotide. For RNase
protection assays, *2P-labeled anti-sense RNA probes were generated from custom RiboQuant™
Multi-Probe Template Sets (PharMingen, San Diego, CA) and hybridized with the target RNA
according to the manufacturer recommendations. The RNase protected probes were then purified
and resolved on denaturing polyacrylamide gels. The gels were developed subsequently on film,
and the expressed mMRNA species were identified by bands corresponding to the expected
fragment lengths. Signal intensities were measured by densitometric analysis by using image
software (Nationa Institutes of Health, Bethesda, MD), and the signals were normalized to
GAPDH. The experiments were performed in duplicate, and data are presented as a percentage
change in mMRNA levels + sD for chemoattractant and inflammatory cytokines that decreased
significantly.



Nitrite assay

To determine the amount of nitric oxide (NO) produced by peritoneal macrophages, we

measured a stable product of NO oxidation, NO>~ (nitrite), by a standard method (30) as
described previously (29). Briefly, cells were cultured in medium without phenol red for the
experiments assessing nitrite concentrations. An aiquot of cell supernatant was mixed with an
equal volume of Griess reagent (one part 0.1% napthylethylenediamine dihydrochloride added to
one part 1% sulfanilamide in 5% phosphoric acid) and allowed to stand at room temperature for
10 min. Nitrite levels in the cell supernatants were measured subsequently with a microplate
reader at an absorbance wavelength of 560 nm and were converted to micromolar units (UM) per
Kg protein.

RESULTS

Bone marrow cellsfrom ApoE™aP2”~ micetransplanted into ApoE™"
mice promotes a marked reduction in ather osclerotic lesion formation

To determine whether bone marrow-derived aP2 was important in the development of
atherosclerosis, we transplanted bone marrow cells from ApoE*aP2”~ mice into ApoE~"~ mice.
As a control, bone marrow cells from ApoE™~ mice were transplanted into ApoE™~ mice. The
mice were placed on a high-fat, Western diet immediately after the transplantation. After 12
weeks, the mice were killed and the right brachiocephalic arteries were analyzed for the presence
of lesions. Representative vessels from ApoE™~ mice receiving marrow cells from ApoE~~ donor
mice are depicted in Figure 1 A, B. Large atheromas were present in the brachiocephalic arteries
from these mice, producing lesions occluding the vessel by 42 + 8 % (Fig. 2A, black bar, n=6).
In comparison, vessels from ApoE”~ mice receiving cells from ApoE”aP2” donor mice
contained significantly smaller lesions (Fig. 1C, D, P<0.0006) occluding the brachiocephalic
arteries by only 9 + 2 % (Fig. 2A, white bar, n=9). Lesions in the brachiocephalic arteries of
ApoE™" mice receiving ApoE"aP2”~ marrow cells were 5.5-fold smaller by area (P<0.0012)
than ApoE~"~ mice receiving cells from ApoE™~ mice (Fig. 2B). These results strongly suggest
that bone marrow-derived cells are the primary mediators of the previously observed anti-
atherosclerotic effectsin ApoE’-aP2”~ mice (13).

No differencein plasma cholester ol levels of ApoE~~ mice receiving
bone marrow cellsfrom ApoE~-aP2”~ or ApoE™" donors

We showed previously an overall reduction in total circulating cholesterol levelsin ApoE™ " aP2"
" mice compared with ApoE™~ mice (13). However, because total cholesterol levels remained
high in both groups compared with wild-type mice, we could not explain the reduction in lesion
size by the modest (38%) decrease in plasma cholesterol levels in ApoE”"aP2~ mice. Thus, to
clarify this issue further, we measured total circulating cholesterol levels in ApoE”~ mice
receiving bone marrow transplantations (Fig. 3). There was no difference (P=0.95) in total
cholesterol levels between mice receiving marrow cells from ApoE™~ donors (1291 + 157 mg/dl,
n=6) and mice receiving marrow cells from ApoE™~ aP2~ donors (1280 + 85 mg/dl, n=11).
These data confirm that an alteration in circulating cholesterol levels cannot account for the
decrease in lesion size previously found in ApoE™~ aP2™~ mice (13).



Even though there was no difference in circulating cholesterol levels, we performed studies to
determine whether macrophage uptake of cholesterol might be decreased in the absence of aP2.
Peritoneal macrophages were harvested from wild-type (aP2*"* = WT) and aP2”~ mice and then
were stimulated with oxLDL. OxLDL caused a significant increase in cholesteryl ester
accumulation at 8 and 24 h (P<0.05, O pg/ml vs. 50 pg/ml oxLDL) in peritoneal macrophages
from both aP2"* and aP2”~ mice (Fig. 4), and, although there were slight differences in [**C]
cholesteryl oleate accumulation in aP2*"* vs. aP2”~ macrophages, none were likely to account for
the large decrease in lesion forming capacity of aP2”~ macrophages. The uptake of fluorescently
labeled acetylated LDL (Dil-Ac-LDL, Biomedical Technologies, Inc.) was aso similar among
wild-type, ApoE™", aP2™", and ApoE"aP2”’~ macrophages (data not shown). In addition,
macrophages from ApoE™" and ApoE’"aP2”~ mice that were exposed to high levels of
cholesterol in vivo showed no marked difference in cholesteryl ester accumulation (data not
shown). These data show no difference in cholesterol uptake by aP2-deficient macrophages that
could account for the dramatic decrease in lesion formation.

No differencein plasma glucose or insulin levels of ApoE™~
micein the presence or absence of aP2

To determine whether an ateration in glucose metabolism may contribute to the reduced
atherosclerotic lesion size in ApoE™™ mice lacking aP2, we measured fasting levels of plasma
glucose and insulin in ApoE™ and ApoE”aP2”~ mice. There was no difference in fasting
glucose (Fig. 5A) or insulin (Fig. 5B) levels between ApoE”~ and ApoE™"aP2”~ mice that had
been on a high-fat, Western diet for 12 weeks. Moreover, ApoE"~ mice receiving bone marrow
cells from ApoE™~ or ApoE""aP2”~ mice did not show a difference in fasting glucose (Fig. 5C)
or insulin (Fig. 5D) levels on the same diet. Taken together, these data indicate no obvious
differences in systemic glucose metabolism that could explain the decrease in atherosclerotic
lesion formation in ApoE"~aP2”~ mice.

KFABP mRNA levelsarenot altered in
macr ophages derived from aP2”~ mice

We wanted to examine whether KFABP expression was regulated in peritoneal macrophages
derived from ApoE™", aP2"~, and ApoE"aP2"~ mice. RNA was harvested from wild-type,
ApoE™", aP2”~, and ApoE”"aP2”~ macrophages and analyzed by Northern blot. Peritoneal
macrophages from wild-type and ApoE " mice express aP2 mRNA (Fig. 6). As expected,
macrophages from aP2”~ and ApoE™"aP2"~ did not express aP2 mRNA. We did not observe any
differences in KFABP mRNA expression normalized to 28S in the macrophages derived from
mice of the various genotypes (Fig. 6), indicating that KFABP was not up-regulated in the
absence of aP2.

Decrease in expression of inflammatory cytokines and chemokines,
but no alteration in NO production, in aP2 deficient macrophages

Peritoneal macrophages were harvested from ApoE~~ and ApoE-aP2~"~ mice and were exposed
to vehicle or oxLDL for 48 h. After this, total RNA was extracted to perform RNase protection



assays. Levels of mRNA for the proinflammatory cytokine tumor necrosis factor (TNF)-a and
macrophage inflammatory protein (MIP)-1 (o and ) were decreased (58 = 5 %, 45 £ 9 %, and
46 + 11 %, respectively) in ApoE"aP2"" cells compared with ApoE™~ cells (Fig. 7A). In
addition, a dramatic decrease in chemokine expression for MCP-1 occurred in the absence of
aP2. Levels of MCP-1, particularly in the presence of oxLDL, were decreased considerably (62 +
7 %) in ApoE"aP2”~ cells (Fig. 7A).

Finally, we assessed NO production by measuring nitrite levelsin wild-type, aP2™~, ApoE™", and
ApoE"aP2™~ macrophages stimulated with lipopolysaccharide (LPS, 1 pg/ml) from Escherichia
coli (serotype 026:B6) for 18 h (Fig. 7B). Control (nonstimulated) macrophages of all genotypes
did not exhibit detectable levels of nitrite production (Fig. 7B). Overall, macrophages isolated
from all genotypes treated with LPS produced high levels of nitrite (Fig. 7B), athough this
induction was slightly lower in macrophages from ApoE™~ mice. Macrophages from ApoE™"~
mice that were also deficient in aP2 (ApoE”-aP2~") showed nitrite inducibility that did not differ
from wild-type or aP2”~ macrophages (Fig. 7B). These data suggest that macrophages deficient
in aP2 are fully activated by inflammatory stimuli, yet they show a decreased message for
inflammatory cytokines and chemokines.

DISCUSSION

The present study extends our previous observations to determine the mechanism(s) responsible
for the decrease in atherosclerotic lesion formation in hypercholesterolemic mice deficient in aP2
(13). Of particular interest, bone marrow cells transplanted from ApoE™-aP2”~mice into ApoE ™"~
mice could reduce brachiocephalic lesion size in mice fed a high-fat, Western diet (Fig. 1C, D
compared with Fig. 1A, B) to a similar degree as found previously for ApoE 7~ mice entirely
deficient in aP2 (13). The absence of aP2 in bone marrow-derived cells of ApoE™~ mice reduced
luminal occlusion by 82% (Fig. 2A) and lesion area by 77% (Fig. 2B) compared with ApoE™"
mice that have wild-type concentrations of aP2 after bone marrow transplantation. Thus, even in
the presence of adipocyte aP2 expression in other cell types, the absence of macrophage
expression reproduced the phenotype observed in the ApoE”"aP2"~ mice (13). These data
establish the importance of aP2 from bone marrow-derived cells in mediating atherosclerotic
leson formation. Moreover, because monocytes and macrophages constitute ~80% of
inflammatory cells in atherosclerotic lesions (4) and aP2 is expressed strongly in isolated
macrophages (13, 19) and atherosclerotic lesions (13), these data strongly support our hypothesis
regarding the importance of macrophage aP2 in the development of atherosclerosis.

Previously, we noted that plasma cholesterol levels were ~38% reduced in ApoE”aP2"~ mice
compared with ApoE"~ mice (13). Although these lower levels still remained fivefold higher
than values reported for wild-type mice (5) and no changes in lipoprotein profile were observed
(13), we could not exclude completely this modest decrease in plasma cholesterol levels as a
contributing factor in the reduced lesion size of ApoE”’"aP2”~ mice. However, in the present
study, ApoE"~ mice hematologically reconstituted with bone marrow cells from ApoE‘EaPZ"‘
mice had small, trivial lesions even in the setting of very high plasma cholesterol levels (Fig. 3).
In fact, plasma cholesterol levels for these mice were amost identical to ApoE’~ mice
transplanted with syngeneic ApoE™~ cells (Fig. 3), which had dramatically larger lesions (Fig. 1
and Fig. 2). These data suggest that the beneficial effects of aP2 deficiency on preventing



atherosclerotic lesion formation are not directly a result of lowering the plasma cholesterol
levels, but are mediated by bone marrow-derived cells.

In the development of atherosclerosis, circulating monocytes enter the arterial wall, differentiate
into macrophages, and then scavenge cholesteryl esters that originate from plasma lipoproteinsto
become lipid-filled foam cells (1, 2). When these foam cells accumulate within the intima, the
first identifiable lesion of atherosclerosis develops. One consideration that we explored was that,
in the absence of aP2, macrophages would not be able to scavenge cholesterol appropriately. In
this scenario, the development of foam cells would be altered and the initiation of the
atherosclerotic process, prevented (2). Our experiments revealed only dlight differences in
cholesterol esterification in aP2”~ macrophages exposed to oxL DL in vitro, and only at an early
(8 h) time point (Fig. 4). After exposure to oxLDL for longer periods (24 h), no difference in
cholesterol ester accumulation was found between aP2”~ and aP2"* macrophages. While this
article was in review, Makowski and colleagues reported that, on a chow diet, ApoE”~ mice
receiving bone marrow cells from ApoE™-aP2”~ mice had smaller lesions (31). When studying
aP2-deficient macrophages in the presence or absence of acetylated LDL in vitro, they found a
small reduction in cholesterol ester mass. Taken together, we believe in the setting of chronic
hypercholesterolemia in the ApoE”~ and ApoE™~ aP2”~ mice in vivo, it is unlikely that a
differential ability of aP2”~ macrophages to accumulate cholesterol esters could account for the
dramatic differences in atherosclerotic lesion formation.

As mentioned previously, diabetes is an important risk factor in the development of
atherosclerosis (20, 21). Hotamidligil and colleagues reported previoudly that a lack of aP2 in
mice prevented the development of obesity-induced insulin resistance and diabetes (22). We,
therefore, investigated whether an alteration in fasting plasma glucose and insulin levels may
contribute to the smaller lesion size in ApoE™-aP2”~ mice that were fed a high-fat, Western diet.
Figure 5 shows that plasma glucose and insulin levels were not different between ApoE""aP27~
and ApoE™"~ mice (Fig. 5A, B) of comparable weight. There was also no difference in plasma
glucose and insulin levels in ApoE™~ mice receiving bone marrow cells from ApoE”aP2™~
donors and those receiving cells from ApoE™~ donors (Fig. 5C, D). Furthermore, similar to the
findings of Shaughnessy and colleagues (23), we did not find a difference in fasting plasma
glucose and insulin levels in wild-type and aP2”~ mice (data not shown). Taken together, these
data suggest that the beneficial effect of aP2 deficiency in ApoE™ mice fed a high-fat, Western
diet cannot be explained by a difference in fasting plasma glucose levels or a lack of insulin
resistance.

Finally, we wanted to determine whether the expression of inflammatory factors that are known
to modul ate atherosclerotic lesion formation—proinflammatory and chemoattractant cytokines—
are dtered in the absence of aP2 (4, 32). Indeed, the MRNA levels for TNF-a (inflammatory
cytokine) and MIP-1a, MIP-1p, and MCP-1 (chemokines) were reduced in macrophages
harvested from ApoE”"aP2”~ mice compared with macrophages from ApoE™™ mice (Fig. 7A).
Moreover, the reduction in inflammatory and chemoattractant cytokines was present when
macrophages were stimulated with oxLDL. We demonstrated previously that atherosclerotic
lesions from ApoE""aP2"~ mice fed a high-fat, Western diet were small and contained few
macrophages compared with lesions from ApoE™~ mice. These data are consistent with studies
showing that hypercholesterolemic mice deficient in MCP-1 (10), or its receptor CCR2 (11),



developed smaller and less macrophage-rich lesions. To make sure that the decreased levels of
inflammatory mediators were not related to a general suppression of macrophage activation in
cells deficient in aP2, we assessed NO production in wild-type, aP27~, ApoE™", and ApoE " aP2"
"~ macrophages stimulated with LPS (Fig. 7B). Our data show that macrophages from ApoE~"~
aP2™~ mice activate and produce NO at alevel comparable with wild-type cells (Fig. 7B). Taken
together, we demonstrate the importance of macrophage aP2 in the development of
atherosclerotic lesions. Moreover, our data suggest that decreased expression of inflammatory
and chemoattractant cytokines in macrophages from ApoE""aP2”~ mice may contribute to the
decrease in atherosclerotic lesion formation.
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Figure 1. Absence of aP2 in bone marrow-derived cells of ApoE~" mice leads to decreased ather oscler otic lesion
formation. Staining for elastin (black) was performed in proximal brachiocephalic arteries (x 100) from representative
ApOoE™" mice receiving bone marrow cells from ApoE™ (A and B) or ApoE™~ aP2"~ mice (C and D).
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Figure 2. Absence of aP2 in bone marrow-derived cells of ApoE~ mice leads to decreased luminal occlusion and
lesion area in brachiocephalic arteries. Luminal occlusion (A) and cross-sectional areas (B) of atherosclerotic lesionsin
ApOoE™~ mice receiving bone marrow cells from ApoE™ (black bars, mean + SE, n=6) or ApoE”~ aP2™~ (white bars, mean
+ sE, n=9) donors. *, P < 0.05 vs. ApoE~"~ donors (black bars).
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Figure 3. No differencein total cholesterol levels of ApoE™ micereceiving bone marrow cellsfrom ApoE™ or

ApoE™" aP2”~ mice. Plasma levels of total cholesterol were analyzed in ApoE~~ mice receiving donor cells from ApoE~"~
(black bars, mean + Sg, n=6) or ApoE~"~ aP2”"~ (white bars, mean + SE, n=11) mice.
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Figure 4. Effect of aP2 on cholesterol esterification by macrophages. Peritoneal macrophages were harvested from
wild-type (aP2""*, black bars) and aP2™~ (white bars) mice. Macrophages (n=3 in each group) were then stimulated with
oxLDL for 8 or 24 h and were treated with [**C]oleic acid. [**C]cholesteryl oleate accumulation was assessed in the cells,



Fig. 5

>
)

600 7 4
6 _ _
= E |
é 400 7 g)
? SE =
8 i S
E 300 @
= £
T 200 2
= 7
= R
100 o

ApoE--  ApoE-- aP2-/- ApoE-/-  ApoE-/- aP2-/-

O
O

600 - 4
s 1
5 i —
S 500 E
£ o
=400 A=
2 S T

-]
5 3001 @ 2
) =
T 2001 =
S 7
2 s
o 100- [ E
0- - - 0 - ~
Donor ApoE-/-  ApoE-- aP2-/- Donor ApoE-/-  ApoE-/- aP2-/-

Recipient ApoE-- ApoE-- Recipient ApoE-/- ApoE--

Figure5. No differencein plasma glucose or insulin levelsin ApoE™ micein the presence or absence of aP2. A and
B) Fasting plasma glucose and insulin levels were assessed in ApoE ™~ (black bars, mean + sg, n=8) and ApoE™"~ aP2™"
(white bars, mean + SE, n=12) mice. C and D) Fasting plasma glucose and insulin levels were also assessed in ApoE~"~
mice receiving bone marrow cells from ApoE™~ (black bars, mean + SE, n=4) and ApoE™~ aP2”~ (white bars, mean + SE,
n=11) mice.
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Figure 6. KFABP mRNA levelsarenot altered in macrophages derived from aP2”~ or ApoE™aP2” mice. RNA
was harvested from wild-type (WT), ApoE~"~, aP2”"~, and ApoE"-aP2”"~ peritoneal macrophages and analyzed by Northern
blot for aP2 and KFABP mRNA expression and normalized by hybridization to a **P-labeled 28S oligonucleotide.



Fig. 7

Figure 7. Chemoattractant and inflammatory cytokine expression and nitrite production in the presence (+) or
absence (-) of aP2. A) Peritoneal macrophages were harvested from ApoE"~ and ApoE™~ aP2”~ mice, and then exposed
to vehicle (V) or oxLDL. Tota RNA was extracted from the cells and RNase protection assays were performed for
TNF-, MIP -1, MIP -1, MCP-1, and GAPDH. B) Peritoneal macrophages harvested from wild-type (WT, black bar),
aP2™~ (striped bar), ApoE™~ (gray bar), and ApoE~"~ aP2"~ (white bar) mice were exposed to LPS (1 pug/ml) and nitrite
accumulation (mean + SE, n=3) was assessed after 18 h.



