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Abstract C57BL/6 (B6) and C3H/HeJ (C3H) are two com-
monly used mouse strains that differ markedly in athero-
sclerosis susceptibility. In this study, we determined plaque
formation after removal of the endothelium in the two strains
carrying the mutant apolipoprotein E gene (apoE

 

�

 

/

 

�

 

). At
10 weeks of age, male B6.apoE

 

�

 

/

 

�

 

 and C3H.apoE

 

�

 

/

 

�

 

 mice
underwent endothelial denudation of the left common ca-
rotid artery. Two weeks after injury, B6.apoE

 

�

 

/

 

�

 

 mice de-
veloped significantly larger neointimal lesions in the vessel
than their C3H.apoE

 

�

 

/

 

�

 

 counterparts, although they had
comparable plasma cholesterol levels on a chow diet. Feed-
ing of a Western diet aggravated lesion formation in both
strains, but the increase was more dramatic in B6.apoE

 

�

 

/

 

�

 

mice than in C3H.apoE

 

�

 

/

 

�

 

 mice. Immunohistochemical and
histological analyses demonstrated the presence of macro-
phage foam cells in neointimal lesions. We then compared
neointimal growth in F1 mice reconstituted with bone mar-
row from B6.apoE

 

�

 

/

 

�

 

 and C3H.apoE

 

�

 

/

 

�

 

 mice. No signifi-
cant lesions were observed 2 weeks after endothelial denu-
dation in the mice reconstituted with bone marrow from
either donor.  Thus, these data indicate that foam cell for-
mation contributes to neointimal growth in the hyperlipi-
demic apoE

 

�

 

/

 

�

 

 model and that neither endothelial cells nor
blood cells alone explain the dramatic difference between
B6 and C3H mice in plaque formation.

 

—Shi, W., H. Pei,
J. J. Fischer, J. C. James, J. F. Angle, A. H. Matsumoto, G. A.
Helm, and I. J. Sarembock.
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Atherogenesis is a complex process involving interactions
among many types of cells, including endothelial cells, vas-
cular smooth muscle cells, monocytes/macrophages, lym-
phocytes, and platelets (1). Endothelial cells have been
considered to play a crucial role in the initiation and pro-

 

gression of primary atherosclerosis (2, 3). They oxida-
tively modify LDL, and in response to oxidized LDL or its
components, endothelial cells express several inflamma-
tory molecules, including vascular cell adhesion molecule-1
(VCAM-1), monocyte chemotactic protein-1 (MCP-1), and
macrophage colony-stimulating factor (M-CSF), that pro-
mote monocyte transmigration into the subendothelium
and differentiation into macrophages (4–6). Subsequently,
macrophages ingest modified LDL to give rise to foam
cells, the hallmark of early atherosclerosis.

The availability of inbred mouse strains that differ in
atherosclerosis susceptibility provides an experimental ap-
proach to identifying the role of various cell components
involved in the development of atherosclerosis. C57BL/6
(B6) and C3H/HeJ (C3H) mice are two commonly used
inbred strains that differ dramatically in their susceptibil-
ity to atherosclerosis. In both diet-fed and apolipoprotein
E-deficient (apoE

 

�

 

/

 

�

 

) models, B6 mice develop much larger
atherosclerotic lesions than their C3H counterparts (7–9).
Through reciprocal bone marrow transplantation, we have
demonstrated that this difference in atherosclerosis sus-
ceptibility is not attributable to monocytes or other bone
marrow-derived cells (9). In vitro, we have observed indi-
rect evidence that endothelial cells contribute to the dif-
ference in atherosclerosis susceptibility. Indeed, endothe-
lial cells from B6 mice exhibit a dramatic induction of
VCAM-1, MCP-1, and M-CSF by oxidized LDL, whereas
C3H endothelial cells exhibit minimal induction. Moreover,
endothelial responses to oxidized LDL cosegregate with the
size of atherosclerotic lesions, as observed in a set of recom-
binant inbred strains derived from B6 and C3H strains.

Endothelial denudation represents a direct method of
identifying the role of endothelial cells in atherosclerosis
and other biological processes (10). Complete removal of
endothelial cells in the carotid arteries can be achieved in
mice with a flexible wire or Epon-resin probe (10, 11).
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The early responses consist of adhesion of a layer of plate-
lets, followed by adhesion of mononuclear inflammatory
cells and by migration and proliferation of smooth muscle
cells. However, recent studies have shown that intimal
growth after arterial injury is very limited in most wild-type
mouse strains, including B6 and C3H mice (12). De Geest
et al. (13) found that abrasion of the endothelium of the
common carotid artery did not produce neointimal lesions
within 18 days in B6 mice. In contrast, apoE

 

�

 

/

 

�

 

 mice, which
were in the B6 genetic background, developed robust inti-
mal lesions after injury (11, 13, 14). Accumulated evi-
dence has suggested that foam cell formation is a mecha-
nism for enhanced neointimal formation in apoE

 

�

 

/

 

�

 

 mice
(15, 16). We recently constructed a congenic strain of
C3H.apoE

 

�

 

/

 

�

 

 mice and found that this strain is extremely
resistant to primary atherosclerosis despite its comparable
hyperlipidemia to B6.apoE

 

�

 

/

 

�

 

 mice on a chow diet (9).
Therefore, in this study, we sought to determine whether
C3H.apoE

 

�

 

/

 

�

 

 mice are protected from injury-induced
plaque formation after endothelial denudation.

MATERIALS AND METHODS

 

Mice

 

Male B6.apoE

 

�

 

/

 

�

 

 mice were obtained from The Jackson Labo-
ratories (Bar Harbor, ME). C3H.apoE

 

�

 

/

 

�

 

 mice were generated
in our laboratory by initially crossing B6.apoE

 

�

 

/

 

�

 

 mice with C3H
mice. The resulting heterozygous apoE

 

�

 

/

 

�

 

 mice were sequen-
tially backcrossed to C3H mice for 10 generations, followed by
brother-sister mating to generate homozygous apoE

 

�

 

/

 

�

 

 mice. In
one group, mice were fed a standard rodent chow diet contain-
ing 4% fat (Ralston-Purina Co., St. Louis, MO) throughout the
entire experimental period; another group was fed a Western
diet containing 42% fat, 0.15% cholesterol, and 19.5% casein
without sodium cholate (TD 88137; Teklad, Madison, WI) for 1
week before and 2 weeks after endothelial removal. F1 mice were
generated by crossing B6.apoE

 

�

 

/

 

�

 

 with C3H.apoE

 

�

 

/

 

�

 

 mice and
were maintained on the chow diet. All procedures were carried
out in accordance with current National Institutes of Health
guidelines and approved by the University Animal Care and Use
Committee.

 

Endothelium denudation

 

The procedure for removing the endothelium in the left com-
mon carotid artery was as previously described (10, 15). Briefly,
mice were anesthetized by intramuscular injection with ketamine
(80 mg/kg body weight; Ketaset, Aveco, Inc.) and xylazine (8 mg/
kg; AnaSed, Lloyd Laboratories). Surgery was performed using a
dissection microscope. The left external carotid artery was li-
gated distally and looped proximally with a 6-0 silk suture. Addi-
tional 6-0 sutures were looped around the common and internal
carotid arteries for temporary control of the vessels during the
procedure. A transverse arteriotomy was made in the left exter-
nal carotid artery, and a flexible 0.014 inch angioplasty guide
wire (for mice on the Western diet) or Epon-resin probe (for
mice on the chow diet) was introduced and advanced 

 

�

 

1 cm to-
ward the aortic arch. Endothelial denudation of the artery was
achieved by repeated withdrawal for three passes. After removal
of the wire or probe, the left external carotid artery was ligated
and the skin incision was closed with a 5-0 sterile surgical gut
(Ethicon, Inc.). Animals were allowed to recover in a warm box.

 

Bone marrow transplantation

 

Male F1 recipients derived from B6.apoE

 

�

 

/

 

�

 

 and C3H.apoE

 

�

 

/

 

�

 

mice were lethally irradiated with a dose of 11 Gy at 6 weeks of
age. Donor bone marrow was harvested from male B6.apoE

 

�

 

/

 

�

 

or C3H.apoE

 

�

 

/

 

�

 

 mice by flushing femurs and tibias and pre-
pared as previously described (17). Each recipient mouse was in-
jected with 10

 

7

 

 marrow cells in 0.3 ml of solution through the tail
veins. Four weeks after transplantation, the mice underwent en-
dothelial denudation as described above. They were maintained
on the chow diet throughout the entire experimental period.

 

Tissue preparation and lesion quantification

 

Two weeks after endothelial denudation, mice were killed by
cervical dislocation after isoflurane anesthesia. The carotid arter-
ies were perfused in situ under 110 cm height water pressure ini-
tially with PBS to remove the blood and then with 4% para-
formaldehyde via the left ventricle. The neck was then dissected en
bloc and fixed in 4% paraformaldehyde for an additional 2 h. Af-
ter fixation, the front soft tissues of the neck were dissected out,
processed by using the standard histological technique, embed-
ded in paraffin, and cross-sectioned in 10 

 

�

 

m thick sections. Par-
allel sections were subjected to van Gieson staining for elastic
laminas and hematoxylin and eosin staining. As shown in 

 

Fig. 1

 

,
this processing method enables the evaluation of both injured
and uninjured carotid arteries on the same section. Thus, the un-
injured right carotid artery serves as a useful control. Morpho-
metric measurements were made on the van Gieson-stained sec-
tions using Image Pro Plus 3.0 software (Media Cybernetics).
Luminal, internal, and external elastic areas were measured. Inti-
mal area was calculated by subtracting the luminal area from the
area of the internal elastic lamina. Medial area was calculated by
subtracting the area of the internal elastica from that of the ex-
ternal elastic lamina.

 

Immunohistochemical analysis

 

The presence of macrophages, smooth muscle cells, and en-
dothelial cells in the arterial wall was determined by staining with
antibodies to mouse macrophages (MOMA-2; Accurate Chemi-
cals), to 

 

�

 

-smooth muscle actin (1A4; Dako Corp.), and to the
von Willebrand factor (Sigma) as previously described (18, 19).
Briefly, paraffin-embedded sections were deparaffinized with xy-
lene, followed by incubation with the primary antibodies. After a
thorough wash, the slides were incubated with biotinylated sec-

Fig. 1. A representative photomicrograph of a van Gieson-stained
cross-section of the front soft tissues of the neck from a C57BL/6
apolipoprotein E-deficient (B6.apoE�/�) mouse. The neck front
soft tissues were dissected out after fixation and processed using
standard histological technique. AW, airway; ES, esophagus; LC, left
carotid artery; RC, right carotid artery. Original magnification, �4.
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ondary antibodies (Vector Laboratories). The reactions were vi-
sualized with peroxidase chromogen kits (Vector Laboratories).

 

Plasma lipid measurements

 

Mice were fasted overnight before blood was collected through
retro-orbital puncture under isoflurane anesthesia. Plasma total
cholesterol, HDL cholesterol, and triglyceride were measured with
enzymatic assays as previously described by Hedrick et al. (20).

 

Scanning electron microscopy

 

Mice were killed 1 h after the denuding procedure, and the
injured carotid artery was fixed by perfusion with a solution con-
taining 4% glutaraldehyde and 2% paraformaldehyde for 10 min
through the left ventricle. The fixed carotid artery was cut open
longitudinally, pinned flat onto Teflon sheets, and dehydrated
with degrading ethanol. The tissues were mounted on scanning
electron microscopy stubs with colloidal silver paste. After sput-
ter-coating with gold/palladium, the specimens covering the en-
tire length of the carotid artery were examined with a JEOL-100
CX electron microscope at the university.

 

Statistical analysis

 

All values are expressed as means 

 

�

 

 SEM, with n indicating
the number of mice. Student’s 

 

t

 

-test was used to determine the
statistical differences between the two strains in morphometric
measurements and lipid levels. Differences were considered sta-
tistically significant at 

 

P

 

 

 

�

 

 0.05.

 

RESULTS

At 10 weeks of age, male B6.apoE

 

�

 

/

 

�

 

 and C3H.apoE

 

�

 

/

 

�

 

mice underwent endothelial denudation of the left com-
mon carotid artery. Two weeks after the procedure, plaque
formation in the vessel was examined by light microscopy.
As shown in 

 

Fig. 2

 

, endothelial denudation resulted in
prominent intimal thickening of the artery in B6.apoE

 

�

 

/

 

�

 

mice when fed either chow or Western diet, whereas in
C3H.apoE

 

�

 

/

 

�

 

 mice, intimal thickening was barely detect-

able. On the chow diet, the average intimal area per sec-
tion was 2,746 

 

�

 

 343 

 

�

 

m

 

2

 

 in B6.apoE

 

�

 

/

 

�

 

 mice and 552 

 

�

 

415 

 

�

 

m

 

2

 

 in C3H.apoE

 

�

 

/

 

�

 

 mice (

 

P

 

 

 

	

 

 0.0161, n 

 

	

 

 3–5)
(

 

Fig. 3

 

). On the Western diet, intimal area was 25-fold
larger in B6.apoE

 

�

 

/

 

�

 

 mice (25,814 

 

�

 

 5,848 

 

�

 

m

 

2

 

/section,
n 

 

	

 

 5) than in C3H.apoE

 

�

 

/

 

�

 

 mice (922 

 

�

 

 1,173 

 

�

 

m

 

2

 

/sec-
tion, n 

 

	

 

 8; 

 

P

 

 

 

	

 

 0.013). Examination of the uninjured
right carotid artery revealed no detectable intimal lesions
in either strain on either diet. The area of the media was
also increased in B6.apoE

 

�

 

/

 

�

 

 mice on the Western diet
compared with the chow diet, although the increase was not
statistically significant (31,166 

 

�

 

 2,733 vs. 22,497 

 

�

 

 3,754

 

�

 

m

 

2

 

/section; 

 

P

 

 

 

	

 

 0.068). On the chow diet, C3H.apoE

 

�

 

/

 

�

 

mice had a slightly larger medial area than B6.apoE�/�

mice (24,833 � 2,643 vs. 22,497 � 3,754 �m2/section),
whereas on the Western diet, B6.apoE�/� mice had a slight
larger medial area than C3H.apoE�/� mice (31,166 �
2,733 vs. 27,544 � 3,102 �m2/section).

Standard hematoxylin and eosin staining revealed the
presence of numerous foam cells in the neointimal lesions
(Fig. 4A). Immunohistochemical analysis with specific anti-
bodies for macrophages and smooth muscle cells confirmed
the abundance of macrophages and smooth muscle cells
in the lesions (Fig. 4B, C). Double immunostaining with
the antibodies further indicated that macrophages were
more prominent at the core of neointimal lesions, whereas
smooth muscle cells were more obvious at the cap of le-
sions (Fig. 4C). The presence of endothelial cells in the
mid-portion of the common carotid arteries was evaluated
by immunostaining with an antibody for the von Wille-
brand factor. In the uninjured right carotid artery, a thin
layer of endothelial cells was observed lining the inner
surface of the vessel (Fig. 5A). In contrast, endothelial
cells were barely detectable in the injured left carotid ar-
tery of either strain (Fig. 5B, C).

Plasma lipid levels of mice were analyzed when they

Fig. 2. Representative photomicrographs of
cross-sections of injured carotid arteries from
B6.apoE�/� and C3H/HeJ apoE-deficient
(C3H.apoE�/�) mice 2 weeks after endothe-
lial denudation. The paraffin-embedded tis-
sues were stained with van Gieson stain. Note
the robust neointima formation in the
B6.apoE�/� mice, particularly those fed a
Western diet. Minimal neointima formation
was seen in the C3H.apoE�/� mice after arte-
rial injury. Original magnification, �20.
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were fed chow and Western diets. On the chow diet, both
B6.apoE�/� and C3H.apoE�/� mice had hyperlipidemia,
which was accentuated by feeding the Western diet (Fig. 6).
Compared with B6.apoE�/� mice, C3H.apoE�/� mice had
slightly increased levels of total cholesterol and triglycer-
ide on both chow and Western diets (n 	 5–11; P � 0.05).
There were no differences in HDL cholesterol levels between
C3H.apoE�/� mice (20.2 � 7.3 mg/l) and B6.apoE�/�

mice (21 � 2.8 mg/l) on the chow diet. On the Western
diet, the HDL cholesterol level was significantly increased
in C3H.apoE�/� mice (79.3 � 8.3 mg/l; P � 0.01) but not
in B6.apoE�/� mice (22.6 � 5.9 mg/l).

Adherence of platelets and leukocytes to the surface of
injured carotid artery was examined 1 h after endothelial
denudation using scanning electron microscopy. As shown
in Fig. 7, the exposed subendothelium was covered with a
monolayer of platelets in both strains. Interestingly, leuko-
cytes adherent to platelets were observed in B6.apoE�/�

mice but not in C3H.apoE�/� mice. To further determine
whether blood cells were responsible for the difference in
the neointimal growth of the two strains, we performed
bone marrow transplantation experiments in which F1
mice were reconstituted with bone marrow from their par-
ents. Four weeks after transplantation, the F1 mice were
subjected to endothelial denudation of the left common
carotid artery and then maintained on the chow diet for 2
weeks. We found that F1 mice developed essentially no
neointimal lesions in the injured artery regardless of
whether they were reconstituted with the bone marrow

from B6.apoE�/� or C3H.apoE�/� mice (331 � 330 vs. 0
�m2/section, n 	 3–4) (Fig. 8).

DISCUSSION

In the present study, we investigated plaque formation
after removal of the endothelium in two apoE�/� mouse
strains that differ markedly in susceptibility to primary ath-
erosclerosis. The key finding in our study was that athero-
sclerosis-susceptible B6.apoE�/� mice developed much
larger intimal lesions after endothelial denudation than
atherosclerosis-resistant C3H.apoE�/� mice. Previously, we
observed that oxidized LDL induces marked expression of
MCP-1, M-CSF, and VCAM-1 mRNAs in endothelial cells
from B6 mice, whereas endothelial cells from C3H mice
show small or no induction of these mRNAs (19). In re-
combinant inbred strains derived from B6 and C3H strains,
we found that endothelial responses to oxidized LDL with
regard to the induction of inflammatory genes cosegre-
gate with the size of atherosclerotic lesions (9). Because
MCP-1, M-CSF, and VCAM-1 are associated with monocyte
recruitment to the arterial wall and differentiation into
macrophages, it is plausible that the endothelium is a
source of the difference between B6 and C3H mice in ath-
erosclerosis susceptibility. Thus, in this study, we deter-
mined the role of endothelial cells in the control of ath-
erosclerosis susceptibility by removing the endothelium.
Unexpectedly, we found that endothelial denudation did

Fig. 3. Quantitative measurements of intimal and medial
areas (�m2/section) of the injured left carotid artery in
B6.apoE�/� and C3H.apoE�/� mice when fed a chow or
Western diet. Note the significant increase in neointimal
area in B6.apoE�/� mice on the Western diet and the mod-
erate increase on the chow diet. Minimal neointima forma-
tion was seen in C3H.apoE�/� mice fed either the chow or
Western diet after vascular injury. Values are means � SEM
for three to eight mice. * P � 0.05 vs. B6.apoE�/� mice.

Fig. 4. The presence of macrophages and smooth muscle cells in neointimal lesions of B6.apoE�/� mice. A: Section stained with hematox-
ylin and eosin showing the presence of numerous foam cells in the lesion. B: Section stained with anti-mouse macrophage antibody MOMA-2
showing the presence of macrophages in both neointima and the media. C: Double immunohistochemical staining showing the differential
distribution of macrophages and smooth muscle cells in a neointima lesion; macrophages stained red and smooth muscle cells stained
brown. Original magnifications, �20–40.
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little to change the susceptibility. One explanation for this
result is that other cell types in the arterial wall, such as
vascular smooth muscle, also contribute to the difference
in atherosclerosis susceptibility. Another explanation for
the present finding is that endothelial denudation not
only eliminates the role of endothelial cells but also gives
rise to additional pathological changes that do not exist in
the development of primary atherosclerosis. Indeed, after
endothelial denudation, the subendothelial components
are exposed to blood flow, which results in the deposition
of platelets and fibrin, the adhesion of leukocytes, and the
release of cytokines and mitogens from platelets, leuko-
cytes, damaged endothelial cells, and smooth muscle cells
(21). These cytokines and mitogens in turn stimulate
smooth muscle cells in the media to transform from a qui-
escent contractile phenotype into a synthetic phenotype
that proliferates and migrates from the media to the in-
tima, leading to intimal growth. Thus, smooth muscle
cells are central to the development of injury-induced inti-
mal lesions. In contrast, macrophages are the major cellu-
lar components of atherosclerotic lesions at all stages and
smooth muscle cells only become prominent in the ad-
vanced stages (1, 22).

Recent studies have indicated that intimal growth after
endothelial denudation is very limited in most wild-type
mouse strains, including B6 and C3H mice (12). De Geest
et al. (13) even found that abrasion of the endothelium of

the common carotid artery did not produce neointima by
18 days in B6 mice. In contrast, apoE�/� mice, which were
in the B6 genetic background, developed pronounced in-
timal lesions in the carotid arteries after removal of endo-
thelial cells (11, 13, 14). Thus, absence of apoE, hyperlipi-
demia, or both appear to be responsible for the increased
neointimal formation of B6.apoE�/� mice. However, the
current finding that C3H.apoE�/� mice were resistant to
neointima formation despite their comparable hyperlipi-
demia and absence of apoE suggests that the enhanced
neointimal growth of B6.apoE�/� mice may result from
the excessive response of the vasculature to these two fac-
tors. Indeed, B6.apoE�/� mice have been shown to have
an increased susceptibility to foam cell formation compared
with C3H.apoE�/� mice under comparable hyperlipidemia
(9, 23). Accordingly, in this study, we demonstrated the
presence of numerous foam cells in the neointimal le-
sions, which was accentuated by feeding of the Western
diet (Figs. 3, 4). Also, previous studies have provided indi-
rect evidence to support the conclusion that foam cell for-
mation is an important mechanism for the increased inti-
mal formation of B6.apoE�/� mice. Manka et al. (15) have
observed large numbers of macrophages in the neointima
and media of injured vessels. Quarck et al. (16) further
demonstrated the presence of oxidized LDL in the neoin-
timal lesions of the mice.

The mechanisms underlying foam cell development in

Fig. 5. Representative micrographs of cross-sections of mouse carotid arteries stained with an antibody for
the von Willebrand factor. A: A normal carotid artery with an intact endothelial layer. Triangle symbols point
to the endothelial layer stained with the von Willebrand factor antibody. B and C: Injured B6.apoE�/� (B)
and C3H.apoE�/� (C) carotid arteries with barely detectable endothelial cells. Original magnification, �20.

Fig. 6. Plasma total cholesterol (chol), HDL choles-
terol, and triglyceride (mg/dl) levels of B6.apoE�/�

and C3H.apoE�/� mice on chow and Western diets.
Blood was obtained after overnight fasting. Values are
means � SEM for 5–11 mice. * P � 0.05 vs. B6.apoE�/�

mice. Note the significant increase in total choles-
terol, more marked in the C3H.apoE�/� mice with a
2-fold increase after Western diet feeding.
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the absence of endothelial cells in apoE�/� mice are un-
known. However, it is known that denudation of the endo-
thelium leads to exposure of the subendothelial compo-
nents of the vessel wall, which leads to the deposition of
platelets and fibrin, leukocyte adhesion and infiltration,
and release of cytokines and mitogens from platelets, leu-
kocytes, and smooth muscle cells (10, 24). These cyto-
kines and mitogens then stimulate infiltrated monocytes
to transform into macrophages in the intima of injured ar-
tery. Macrophages ingest lipids accumulated in the intima
to become foam cells. The hyperlipidemia of apoE�/�

mice has been shown to result in significant deposition of
apoB-containing lipoproteins in the arterial wall (25).
Moreover, Linton et al. (26) have demonstrated that mac-
rophages ingest native LDL and consequently contribute
to atherosclerotic lesion formation.

C3H.apoE�/� mice had slightly increased levels of plasma
cholesterol and triglyceride compared with B6.apoE�/�

mice on the chow diet. Thus, the resistance of C3H.apoE�/�

mice to intimal lesion formation was unlikely to be associ-
ated with plasma lipid levels. Nevertheless, on the Western
diet, C3H.apoE�/� mice had a higher HDL level than
B6.apoE�/� mice. The higher HDL level probably con-
tributed to the decreased lesion formation of C3H.apoE�/�

mice on the Western diet.
In the present study, we observed differences between

the two strains in the adhesion of leukocytes at the site of
arterial injury. Indeed, leukocyte adhesion to injured arterial
walls was seen in B6.apoE�/� mice but not in C3H.apoE�/�

mice at 1 h after endothelial removal. There are several
potential explanations for the increased leukocyte adher-
ence to the denuded endothelium/platelet layer of the B6
mice, which was not seen in the C3H mice: 1) differences
in the expression of adhesion molecules such as P-selectin
and platelet/endothelial cell adhesion molecule-1 on the
surface of the platelets or of the exposed smooth muscle
cells; 2) differences in acute endothelial denudation; and
3) differences in the response to the mechanical force of
injury or in the actual force imparted on the arterial wall,
which may be attributable to differences in vessel diame-
ter and in the compliance of the vessels. The latter two ex-
planations seem unlikely because complete endothelial
denudation had been achieved for both strains and be-
cause the two strains had comparable diameters of the un-
injured right common carotid arteries.

To determine whether the difference in leukocyte adhe-
sion could contribute to the different neointima growth
of the two strains, we carried out the bone marrow trans-
plantation study in which F1 mice were reconstituted with
bone marrow from their parents. Unexpectedly, the F1
mice reconstituted with B6.apoE�/� bone marrow showed
little increase in lesion formation compared with the mice
reconstituted with C3H.apoE�/� bone marrow, suggesting
that the bone marrow-derived cells contributed little to
the differential neointima growth of the two strains. Nev-
ertheless, we cannot exclude the possibility that the high
resistance of F1 mice after lethal irradiation may have
overwhelmed the effect of bone marrow-derived cells on
neointima growth. High-dose irradiation has been shown
to prevent neointima formation in both humans and ani-
mal models (27, 28).

In summary, we have observed that atherosclerosis-sus-
ceptible B6.apoE�/� mice developed much larger plaques
than C3H.apoE�/� mice after denudation of the endothe-
lium. Our study has demonstrated that foam cell forma-
tion contributes to injury-induced intimal growth in the
hyperlipidemic apoE�/� model and that neither endothe-
lial cells nor blood cells alone explain the dramatic differ-
ence between B6 and C3H mice in plaque formation.

This work was supported by National Institutes of Health
Grants HL-071844 (W.S.) and HL-066264 (I.J.S.), by the Part-

Fig. 7. Representative scanning electron micrographs of
mouse carotid arteries 1 h after endothelial denudation.
Complete endothelial denudation was achieved, and the ex-
posed subendothelium was covered by a monolayer of plate-
lets. Note leukocyte adhesion to platelets in B6.apoE�/� but
not in C3H.apoE�/� mice.

Fig. 8. Quantitative measurements of intimal and medial areas
(�m2/section) of the left carotid artery 2 weeks after endothelial de-
nudation in F1 mice reconstituted with bone marrow from B6.apoE�/�

and C3H.apoE�/� mice. Mice were subject to endothelial denudation
injury 4 weeks after bone marrow transplantation and were main-
tained on the chow diet during the experiment. Values are means �
SEM for three to four mice.
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