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Abstract

LDL receptor-deficient (LDLR ~/~) mice fed a Western diet exhibit severe hyperlipidemia and develop significant atherosclerosis.
Apolipoprotein E (apoE) is a multifunctional protein synthesized by hepatocytes and macrophages. We sought to determine effect of
macrophage apoE deficiency on severe hyperlipidemia and atherosclerosis. Female LDLR~/~ mice were lethally irradiated and
reconstituted with bone marrow from either apoE~/~ or apoE*/* mice. Four weeks after transplantation, recipient mice were fed a
Western diet for 8 weeks. Reconstitution of LDLR~/~ mice with apoE~/~ bone marrow resulted in a slight reduction in plasma
apoE levels and a dramatic reduction in accumulation of apoE and apoB in the aortic wall. Plasma lipid levels were unaffected when
mice had mild hyperlipidemia on a chow diet, whereas IDL/LDL cholesterol levels were significantly reduced when mice developed
severe hyperlipidemia on the Western diet. The hepatic VLDL production rate of mice on the Western diet was decreased by 46% as
determined by injection of Triton WR 1339 to block VLDL clearance. Atherosclerotic lesions in the proximal aorta were significantly
reduced, partially due to reduction in plasma total cholesterol levels (» = 0.56; P < 0.0001). Thus, macrophage apoE-deficiency
alleviates severe hyperlipidemia by slowing hepatic VLDL production and consequently reduces atherosclerosis in LDLR =/~ mice.

© 2004 Elsevier Inc. All rights reserved.
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Apolipoprotein E (apoE), a 34-kDa glycoprotein, is a
structural component of chylomicron remnants, very
low-density lipoproteins (VLDL), low-density lipopro-
teins (LDL), and some subpopulations of high-density
lipoproteins (HDL) [1,2]. ApoE mediates the uptake
and degradation of chylomicron and VLDL remnants
by acting as a ligand for the LDL receptor and the
LDL receptor-related protein [1,3]. ApoE-deficiency
(apoE~/7) results in severe hypercholesterolemia and
diffuse atherosclerotic lesions in human [4] and gene-
targeted mice [5,6].

The liver produces the vast majority of plasma apoE,
but apoE is also synthesized by macrophages in various
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organs [7-9]. The macrophage-produced apoE has been
proposed to exert an anti-atherosclerotic effect by pro-
moting cholesterol efflux from macrophages [10,11]
and reverse cholesterol transport [12]. Bone marrow
transplantation has been used to determine the role of
macrophage-derived apoE in the development of ath-
erosclerosis. Reconstitution of an atherosclerosis-sus-
ceptible mouse strain C57BL/6 (B6) with bone marrow
from apoE~/~ mice had no influence on plasma lipid
levels but markedly increased atherosclerosis [11,13]. In
striking contrast, Boisvert and Curtiss [14] reported
that elimination of macrophage-derived apoE reduced
atherosclerosis in B6 recipient mice. We found that
reconstitution of an atherosclerosis-resistant mouse
strain C3H/HeJ with apoE~/~ bone marrow had no
influence on plasma lipid levels and atherosclerosis [15].
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Wild-type mice develop only mild hyperlipidemia and
fatty streak lesions at the proximal aorta. Moreover, an
unphysiological cholate-containing high-fat/cholesterol
diet has to be used to induce atherosclerosis in the mice.
In contrast, LDL receptor knockout (LDLR~/~) mice
exhibit severe hypercholesterolemia and develop all
phases of atherosclerotic lesions seen in humans when
the mice are fed a high-fat/cholesterol diet [16]. In the
present study, female LDLR ~/~ mice were transplanted
with apoE~/~ or apoE*/* bone marrow and examined
for the effect of macrophage apoE deficiency on severe
hyperlipidemia and atherosclerotic lesion formation. We
have now provided evidence that macrophage apoE-
deficiency lessens severe hyperlipidemia and reduces
atherosclerotic lesion formation in LDLR ~/~ mice.

Methods

Mice. All mice were obtained from The Jackson Laboratories, Bar
Harbor, ME. The mice were fed a standard rodent chow diet con-
taining 4% fat (Ralston-Purina, St. Louis, MO) or an adjusted Wes-
tern-type diet containing 42% fat, 0.15% cholesterol, and 19.5% casein
without sodium cholate (TD 88137, Madison, WI). All procedures
were in accordance with current NIH guidelines and approved by our
University Animal Research Committees.

Bone marrow transplantation. Female LDLR /- recipient mice, at 8
weeks of age, were lethally irradiated with a dose of 1100 rads. Donor
bone marrow cells were harvested from male apoE~/~ or apoE*/* mice
by flushing femurs and tibias and prepared as we previously described
[17]. Each recipient mouse was injected through the tail veins with 107
bone marrow cells in 0.3 ml DMEM.

Four weeks after bone marrow transplantation (BMT), mice were
fasted overnight and then bled from retro-orbital veins under isoflu-
rane anesthesia. After centrifugation, the plasma was collected and
used for lipid analysis. The cell pellet was lysed with the ACK buffer to
remove the red blood cells. DNA was extracted from the remaining
cells and used to identify engraftment by detecting the presence of the
Y chromosome and the mutant apoE gene [17].

Western blot analysis for ApoE and ApoB. The presence of apoE in
plasma and of apoE and apoB in the descending aorta was determined
by Western blot analysis. The aorta was washed thoroughly with PBS
containing 5 U/ml heparin and 1 mM EDTA through the left ventricle
of the heart, cleaned of periadventitial fat and connective tissues, and
snap-frozen in liquid nitrogen. The frozen aorta was mechanically
broken up, dispersed in lysis buffer containing 10mM Tris, pH 8,
1 mM EDTA, 2.5% SDS, and 5% mercaptoethanol, and centrifuged at
500g for 10 min at 4 °C, and the supernatant was collected and used for
detection of apoE and apoB. One microliter of plasma or 10pg of
aorta protein was separated by electrophoresis on 4-12% Tris poly-
acrylamide gels and electrophoretically transferred onto nitrocellulose
membranes. The membranes were incubated with primary antibodies
for mouse apoE, apoB (BioDesign International) or glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) (Chemicon International) for 1 h
and then incubated for 0.5h with horseradish peroxidase-conjugated
secondary antibodies. The signals were detected by the enhanced
chemiluminescent detection method according to the manufacturer’s
instructions (ECL Western blotting, Amersham). The density of the
bands was quantified with a densitometer.

Plasma lipid measurements and separation of lipoproteins. Mice were
fasted overnight before blood was collected through retro-orbital veins
under isoflurane anesthesia. Plasma total cholesterol, HDL cholesterol,
and triglyceride were measured with enzymatic assays as previously

described [18]. Analysis of cholesterol profiles by fast phase liquid
chromatography (FPLC) was performed using Superose 6 (Pharmacia)
columns as previously described [18]. Plasma used FPLC analysis was
pooled from four individual mice for each group.

Determination of hepatic VLDL production. Hepatic VLDL pro-
duction was determined in mice that were fed 8 weeks of the Western
diet by intravenous injection of Triton WR1339 (Tyloxapol, Sigma
Chemical) [19]. Overnight fasted mice (45 mice/group) received a tail
vein injection of 10mg Triton WR1339 in 100 ul PBS solution. The
VLDL production rate was calculated by the increase in plasma tri-
glyceride levels from baseline to 1 h after Triton WR1339 injection as
described by Maugeais et al. [20].

Determination of LPL and HL activity. Overnight fasted mice (4-5
mice/group) received a tail vein injection of 100 U/kg heparin (Sigma).
Blood was obtained by retro-orbital bleeding before and at 5Smin after
injection. LPL and HL activity in plasma was quantitated by a stable,
radioactive substrate emulsion assay as described by Nilsson-Ehle and
Schotz [21] and expressed as milliunits/ml (1 milliunit = 1 nmol of free
fatty acid released per minute).

Aortic lesion analysis. Methods for the quantification of athero-
sclerotic lesions in the aorta were the same as previously reported by
Qiao et al. [22] In brief, the heart and proximal aorta were excised
and embedded in OCT compound. Serial 10-pum-thick cryosections
from the middle portion of the ventricle to the aortic arch were col-
lected and mounted on poly-D-lysine-coated slides. In the region from
the appearance to the disappearance of the aortic valves, every other
section was collected. In all other regions, every fifth section was
collected. Sections were stained with oil red O and hematoxylin,
counterstained with fast green, and lesion areas were counted by light
microscopy.

Statistical analysis. All values were expressed as means+ SEM
except for atherosclerotic lesion areas, which were expressed as values
of individual mice. “n” indicated the number of mice. Student’s ¢ test
was used to compare differences between apoE~/~ — LDLR~/~ and
apoEt/* — LDLR /- mice in expression levels of apoB and apoE,
lipid levels, LPL/HL activity, and atherosclerotic lesions. Regression
analysis was performed to assess the association of atherosclerotic le-
sions with plasma lipid levels. Differences were considered statistically
significant at P <0.05.

Results
Reconstitution of recipient bone marrow

Female LDLR /- mice were lethally irradiated and
transplanted with bone marrow from male apoE~/~ or
apoE*/* mice to determine the effect of macrophage
apoE deficiency on hyperlipidemia and atherosclerosis.
Because male mice containing XY chromosomes were
used as marrow donors for female recipients, we de-
signed primers to amplify a segment of the Y chromo-
some by PCR. As shown in Fig. 1A, 4 weeks after
transplantation, the Y chromosome was detected in the
peripheral blood of recipient mice. Also, PCR analysis
of the blood DNA showed the presence of the targeted
apoE gene (the 245-bp band) in mice reconstituted with
apoE~/~ bone marrow (Fig. 1B). The faint 155-bp band,
denoting the presence of the wild-type apoE*/* gene,
was also observed in the mice. In contrast, mice recon-
stituted with apoE*/* bone marrow exhibited only the
155-bp wild-type band.
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Fig. 1. Reconstitution of female LDLR /=~ mice with bone marrow
from male apoE~/~ or apoE*/* mice. DNA was extracted from the
blood of recipient mice 4 weeks after transplantation and amplified by
PCRs. Each lane represents an individual mouse. (A) The presence of a
250-bp sequence of the Y chromosome. (B) The presence of the 245-bp
apoE knockout band and 155-bp wild-type apoE band.

Effect of macrophage apoE deficiency on apoE and apoB
levels in plasma and aortic walls

ApoE in plasma and apoE and apoB in descending
aortas were assessed by Western blot analysis after the
mice had been fed the Western diet for 8 weeks (Fig. 2).
Densitometric scanning of the bands showed that ab-
sence of the macrophage-derived apoE resulted in a
slight, but statistically significant, reduction in plasma
apoE levels [1067 £19 (optical density) in apoE~/~ —
LDLR /- vs. 1256418 in apoE*/* —LDLR/";
P < 0.0001]. The apoE level within the aortic wall was
dramatically reduced in apoE~/~ — LDLR/~ mice as

ApoE S — e —— — ——
ApoE*"*+ ApoE"-
Plasma
ApoE = e - NS N—

ApoE** ApoE"

Aorta

Fig. 2. Western blot analysis of apoE in plasma and of apoE, apoB,
and GAPDH in aortic walls of LDLR/~ mice reconstituted with
apoE~/~ or apoE*/* bone marrow after being fed 8 weeks of the
Western diet. One microliter of plasma or 10 ug protein from the de-
scending aorta was electrophoresed on Tris polyacrylamide gels,
transferred to nitrocellulose membranes, and probed with antibodies
for the proteins. Each lane represents one individual mouse.

compared with apoE*/* — LDLR "/~ mice (41412 vs.
461 £29; P = 0.0009). To determine whether LDL ac-
cumulation in the arterial wall was affected, apoB was
assessed by Western blot analysis. The amount of apoB
was significantly lower in apoE~/~ — LDLR /- than in
apoE*/* — LDLR~/~ mice (64423 vs. 217+38; P =
0.042). In contrast, the level of GADPH in the aorta was
not significantly different between the two groups
(727 4+ 52 vs. 636 £13; P =0.23).

Effect of macrophage apoE deficiency on plasma lipid
levels

Reconstitution with apoE~/~ bone marrow had no
significant influence on plasma cholesterol and triglyc-
eride levels of LDLR ~/~ recipient mice on the chow diet
(Fig. 3). Four weeks after transplantation on the chow
diet, apoE~/~—LDLR/~ (n=14) and apoE*/*—
LDLR /= mice (n = 13) had similar plasma levels of
total cholesterol, HDL cholesterol, and triglyceride
(P > 0.05). However, after being fed the Western diet
for 8 weeks, the mice reconstituted with apoE~/~ bone
marrow showed a significantly smaller increase in plas-
ma levels of total cholesterol (879 + 19 vs. 1129 £+ 38 mg/
dl) (P <0.0001) and triglyceride (260+6 vs. 337+
14mg/dl) (P =0.018) compared with the mice recon-
stituted with apoE*/* bone marrow. Since HDL cho-
lesterol levels were similar in the two groups (81 +2 vs.
88 + 3 mg/dl), the difference in plasma total cholesterol
levels was primarily due to variation in the level of non-
HDL cholesterol.

The distribution of plasma lipoproteins was examined
by FPLC when mice were fed either chow or Western
diets (Fig. 4). On the chow diet, apoE~/~ — LDLR /-
and apoE*/* — LDLR~/~ mice had comparable levels
of VLDL, LDL, and HDL cholesterol, while on the
Western diet the increase in IDL/LDL levels was smaller
in apoE~/~ — LDLR /- than in apoE*/* — LDLR /-
mice. The HDL-cholesterol level of mice remained un-
changed by the challenge with the Western diet in either

group.

Effect on hepatic VLDL production and LPL and HL
activities

The rate of hepatic VLDL production and the activity
of plasma lipoprotein lipase (LPL) and hepatic lipase
(HL) were assessed after the mice were fed 8 weeks
of the Western diet (4-5 mice/group). The hepatic
VLDL production rate of apoE~/~—LDLR~/~ mice was
significantly lower (P = 0.0002) than that of apoE*/*
— LDLR~/~ mice (186.3+11.0mg/dl vs. 345.8+15.5
mg/dl; Fig. 5A). Plasma LPL and HL activities were
measured before and 5Smin after intravenous heparin
injection. At baseline, circulating LPL activity was not
detectable in both apoE~/~ — LDLR~/~ and apoE*/* —



226

A 400 _ Chow B
= apoE**—>LDLR
2300, _ -
g’ [l 2poE—LDLR
L
(<]
> 200
2
2
o
®© 100
£
[72]
L
0
Total chol HDL chol Triglyceride

W. Shi et al. | Biochemical and Biophysical Research Communications 317 (2004) 223-229

1200 _ Western

1000 -

800 L
300 -

200 - *

100 -

: B

Total chol HDL chol

Triglyceride

Fig. 3. Plasma cholesterol and triglyceride levels of LDLR ~/~ mice transplanted with apoE~/~ or apoE*/* bone marrow. The mice were bled before
(A) and after (B) being fed 8 weeks of the Western diet. Values are means + SE of 13—14 mice. *P < 0.05 versus mice reconstituted with apoE*/* bone

marrow.
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Fig. 4. Distribution of plasma lipoprotein cholesterol in LDLR~/~
mice transplanted with apoE~/~ or apoE*/* bone marrow. The sam-
ples were pooled plasmas from four mice fed either chow or Western
diets and separated into 60 fractions by fast phase liquid chromatog-
raphy (FPLC) using Superose 6 columns. Each fraction was then as-
sayed for cholesterol in triplicate, which was expressed in mg/dl. The
three peaks are VLDL, LDL, and HDL cholesterol, respectively.

LDLR /= mice (Fig. 5B). The injection of heparin re-
sulted in an increase in plasma LPL and HL activities.
However, there were no significant differences between
the two groups of mice in the LPL or HL activity.

Effect on aortic atherosclerotic lesions

After being fed the Western diet for 8 weeks, the mice
were sacrificed and the size of atherosclerotic lesions in
the proximal aorta was quantitated by light microscopy.
The mean area of aortic lesions in apoE~/~ — LDLR~/~
was 152.4412.7 x 10* um?/section (n = 14), whereas in
apoE*/* = LDLR/~ mice the lesion area was
205.2 4 15.0 x 10° um?/section (n = 13) (Fig. 6). The

difference in lesion areas between the two groups was
statistically significant (P = 0.0125). In order to deter-
mine whether the difference in lesion formation could be
explained by variations in plasma cholesterol levels, we
performed regression analysis using pooled data for the
two groups and found that the size of atherosclerotic
lesions was positively correlated with the level of plasma
total cholesterol (» = 0.56 and P = 3.0 x 107%; Fig. 7).

Discussion

The present study was undertaken to examine the
influence of macrophage apoE deficiency on lipoprotein
metabolism and atherosclerosis in the LDLR /= mouse
model in which severe hyperlipidemia and atheroscle-
rosis could be induced by feeding of a Western diet. We
found that the LDLR™/~ mice reconstituted with
apoE~/~ bone marrow exhibited less severe hyperlipid-
emia, reduced accumulation of apoE and apoB in aortic
walls, and decreased aortic lesion formation as com-
pared with control mice reconstituted with apoE*/*
bone marrow.

Bone marrow transplantation leads to replacement of
recipient bone marrow and most bone marrow-derived
cells, including monocytes/macrophages, with cells of
donor origin [23]. In the present study, the reconstitu-
tion of bone marrow in female recipients was confirmed
by the presence of the Y chromosome from male donor
cells. We also confirmed marrow reconstitution by
testing the presence of the mutant apoE gene in those
mice transplanted with apoE~/~ bone marrow. How-
ever, these mice also exhibited a faint wild-type apoE
band, indicating the existence of host cells in the blood.
Previous studies have indicated that most of the residual
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Fig. 5. (A) The hepatic VLDL production rate of LDLR~/~ mice transplanted with apoE~/~ or apoE*/* bone marrow. Four weeks after trans-
plantation, the mice were started on the Western diet and maintained on the diet for 8§ weeks. The production rate was calculated as differences in
plasma triglyceride levels between baseline and 1 h after intravenous Triton WR1339 injection. (B) Lipoprotein lipase (LPL) and hepatic lipase (HL)
activity before and 5 min after intravenous heparin injection. Values are means + SE of 4-5 mice. *P < 0.05 versus mice reconstituted with apoE*+/*
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Fig. 6. Atherosclerotic lesion areas in cross-sections of the proximal
aorta from LDLR~/~ mice transplanted with apoE~/~ (n = 14) or
apoE*/* (n = 13) bone marrow. Each point represents a mean lesion
area per section of each individual mouse. The horizontal bars repre-
sent mean lesion areas of each group. The mice were fed the Western
diet for 8 weeks. Cross sections of the aorta were stained with oil red O
and hematoxylin and the lipid-stained areas were measured by light
microscopy. The difference in lesion areas between the two groups was
significant (P = 0.0125).

host cells are radiation-resistant long-living lymphocytes
[24]. In this study, we observed that reconstitution with
apoE~/~ bone marrow resulted in a slight, but statisti-
cally significant, reduction in plasma apoE levels of
LDLR /- recipient mice. Similar findings were also
observed in wild-type C3H/HeJ mice reconstituted with
apoE~/~ bone marrow [15]. These data indicate that
macrophages are an important source of plasma apoE,
although most of the plasma apoE is synthesized by the
liver. In the descending aorta, we observed a dramatic
reduction of apoE protein in those mice transplanted
with apoE~/~ bone marrow. The lower plasma apoE
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Fig. 7. Correlations between plasma total cholesterol levels and aortic
atherosclerotic lesions in LDLR ~/~ mice transplanted with apoE*/+ or
apoE~/~ bone marrow. The mice were fed the Western diet for 8
weeks. Each point represents an individual value of one mouse. Filled
symbols represent mice reconstituted with apoE~/~ bone marrow and
unfilled symbols represent mice reconstituted with apoE*/* marrow.
The correlation coefficient (» = 0.56) and significance (P = 3.0 x 10°%)
are also shown in the figure.

probably contributed to the apoE reduction in the ar-
terial wall. In a recent study, Tsukamoto et al. [25]
provided evidence that plasma apoE diffused into vessel
walls in that expression of the human apoE by the liver
but not by macrophages resulted in substantial apoE
retention in the arterial wall of apoE~/~ mice. The re-
placement with apoE~/~ macrophages probably also
contributed to the reduction of apoE in the arterial wall
because studies have shown that most apoE expression
in the artery wall is from macrophages [13,25].

A major finding of this study is that the absence of
macrophage-derived apoE resulted in a significant re-
duction in the plasma levels of IDL/LDL cholesterol
and triglyceride when LDLR /- mice developed severe
hyperlipidemia on the Western diet. Because production
of VLDL by the liver is an important determinant of
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plasma lipid levels, we examined the hepatic VLDL
production rate of mice on the Western diet and found
that the rate of hepatic VLDL production in
apoE~/~ — LDLR~/~ mice was reduced by 46% com-
pared with control apoE*/* — LDLR /= mice. The re-
duction in plasma apoE levels probably directly
contributed to the decrease in VLDL production of
apoE~/~ — LDLR /- mice. The replacement of Kupffer
cells with transferred apoE~/~ cells could reduce the
availability of locally produced apoE by these cells to
adjacent parenchymal cells in the liver. ApoE has been
shown to be an important regulator involved in the
synthesis and secretion of VLDL by hepatocytes [26].
Accordingly, our present findings suggest that large
amounts of apoE are required to produce large amounts
of VLDL in the liver of LDLR~/~ mice when fed the
Western diet. To determine whether an increased lipol-
ysis of VLDL/LDL contributed to the reduction in
plasma lipid levels, plasma lipoprotein lipase and
hepatic lipase activity was analyzed. The present
finding that apoE~/~ — LDLR ™/~ mice had similar
activity of lipoprotein lipase and hepatic lipase to
apoE*/* — LDLR~/~ mice does not support this possi-
bility. Several studies have shown that absence of mac-
rophage-derived apoE has no influence on the clearance
of VLDL/LDL in the setting of normal hepatic pro-
duction of apoE [13,27]. Bone marrow transplantation
studies using apoE~/~ mice have demonstrated that less
than 10% of normal levels of plasma apoE is sufficient to
maintain lipoprotein clearance [13,28]. Thus, an alter-
ation in lipoprotein clearance is unlikely to be the
mechanism for the reduction in plasma lipid levels of
apoE~/~ — LDLR /= mice.

In this study, FPLC analysis of plasma lipoproteins
revealed that the reduced plasma cholesterol level of
apoE~/~ —LDLR/~ mice on the Western diet was
primarily due to a decrease in IDL/LDL but not VLDL
levels. However, these mice exhibited a 46% reduction in
VLDL production rate. This discrepancy can be ex-
plained by the fact that the VLDL production rate was
assayed after blocking VLDL clearance with Triton,
while the lipoprotein profile was analyzed without the
interference of VLDL clearance. In mice, VLDL has a
very short half-life (few minutes) in plasma and is
quickly converted to IDL [29]. Also, as discussed above,
the decrease in IDL/LDL was not due to an alteration in
LDL clearance.

ApoE has been proposed to promote reverse choles-
terol transport from peripheral tissues [12]. However,
this conclusion is based on in vitro studies using mac-
rophages. In the present study, we observed a significant
reduction in apoB in those aortas that had a lower apoE
level. The lower level of plasma IDL/LDL probably
contributed to the reduction in apoB accumulation in
the aortic wall. However, in a recent study, we found
that C3H/HeJ mice also exhibited a dramatic reduction

in apoB deposition in the aortic wall despite the fact that
there was no alteration in plasma IDL/LDL levels [15].
Although the connections between apoE and apoB
reductions are unknown, it is known that apoE binds to
cell-surface heparan sulfate proteoglycans in vitro [30]
and is colocalized with apoB and proteoglycans in ath-
erosclerotic lesions [31]. Thus, the binding of apoB-
containing lipoproteins to the extracellular matrix could
be reduced due to the decreased availability of apoE in
the vessel wall. Also, Tangirala et al. [32] provided evi-
dence that apoE has anti-oxidant effects in vivo, since
overexpression of human apoE by the liver of aged
LDLR /= mice markedly reduced levels of isoprostanes
in urine, plasma, and aorta. Thus, in those vessels with a
lower level of apoE, the accumulated LDL may be
readily oxidized and then taken up by endothelial cells
or macrophages.

We found that reconstitution with apoE null bone
marrow resulted in a significant reduction in athero-
sclerotic lesions of LDLR ™/~ mice. The lower plasma
cholesterol level, at least partially, contributed to the
reduction in lesion formation because in these mice the
size of aortic lesions was statistically correlated with
the level of plasma total cholesterol. Probably more
significant was the reduced accumulation of pro-ath-
erogenic lipoproteins in the vessel wall of the mice
transplanted with apoE~/~ bone marrow. The trapped
LDL undergoes oxidative modification to become oxi-
dized LDL, which contributes to the initiation and
progression of atherosclerosis. In a recent study, Fazio
et al. [33] reported that LDLR /- mice reconstituted
with apoE~/"LDLR~/~ bone marrow developed larger
atherosclerotic lesions than those reconstituted with
apoE*/*TLDLR~/~. The reason for this discrepancy in
atherosclerotic lesion formation is unknown. The major
difference between Fazio et al.’s and our studies is that
LDLR /- mice were transplanted with bone marrow
cells containing LDLR*/* in our study while in Fazio
et al.’s study, mice were transplanted with bone marrow
cells containing LDLR/~. Also, the plasma total
cholesterol level of LDLR /- mice (treated: 724 4 86
vs. control: 789 + 76 mg/dl) reported by Fazio et al. was
much lower than the level in our study. Thus, the
higher cholesterol level of LDLR ™/~ mice could over-
whelm the protective effect of apoE on atherosclerosis
in our study.

In summary, our current study examined the physi-
ologic effect of native apoE expression by macrophages
on cholesterol metabolism and atherogenesis of
LDLR~/~ mice that developed severe hyperlipidemia
and advanced atherosclerosis on the Western diet. Our
results indicate that macrophage apoE-deficiency lessens
severe hyperlipidemia by slowing hepatic VLDL pro-
duction and reduces the accumulation of apoB in the
arterial wall and the development of atherosclerotic
lesion in the mice.
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