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Abstract

Mice that are homozygous for a targeted disruption ofthe LDL
receptor gene (LDLR-'- mice) were fed a diet that contained
1.25% cholesterol, 7.5% cocoa butter, 7.5% casein, and 0.5%
cholic acid. The total plasma cholesterol rose from 246 to
> 1,500 mg/dl, associated with a marked increase in VLDL,
intermediate density lipoproteins (IDL), and LDL cholesterol,
and a decrease in HDL cholesterol. In wild type littermates fed
the same diet, the total plasma cholesterol remained < 160
mg/dl. After 7 mo, the LDLR-'- mice developed massive
xanthomatous infiltration of the skin and subcutaneous tissue.
The aorta and coronary ostia exhibited gross atheromata, and
the aortic valve leaflets were thickened by cholesterol-laden
macrophages. No such changes were seen in the LDLR-1-
mice on a normal chow diet, nor in wild type mice that were fed
either a chow diet or the high-fat diet. We conclude that LDL
receptors are largely responsible for the resistance of wild type
mice to atherosclerosis. The cholesterol-fed LDLR-1- mice
offer a new model for the study of environmental and genetic
factors that modify the processes ofatherosclerosis and xantho-
matosis. (J. Clin. Invest. 1994. 93:1885-1893.) Key words: li-
poprotein metabolism - hypercholesterolemia - liver receptors*
targeted gene disruption * animal model for atherosclerosis

Introduction

Fulminant atherosclerosis, accompanied by xanthomatous ac-
cumulation ofcholesterol in skin and tendons, is the hallmark
of homozygous familial hypercholesterolemia (FH).' In this
disease an absence of functional LDL receptors leads to an
accumulation of cholesterol-rich lipoproteins in plasma and a
secondary deposition ofcholesteryl esters in macrophage foam
cells throughout the body. Cutaneous xanthomas are present at
birth, and atherosclerotic involvement of the aortic root and
coronary arteries causes symptoms in childhood (reviewed in
reference 1 ).

A new animal model for homozygous FE was developed
recently through targeted disruption ofthe LDL receptor gene
in mice (2). Homozygous LDL receptor-deficient mice
(LDLR ',-) manifested delayed clearance of VLDL, interme-
diate density lipoproteins (IDL), and LDL from plasma. As a
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1. Abbreviations used in this paper: FH, familial hypercholesterolemia;
IDL, intermediate density lipoproteins.

result, the total plasma cholesterol level rose from 108 mg/dl in
wild type mice to 236 mg/dl in LDLR-'- mice, owing to a
seven- to ninefold increase in IDL and LDL. Adult LDLR-/-
mice did not exhibit gross evidence of xanthomatosis as in the
human disease, and the extent of aortic atherosclerosis was
minimal.

The relatively mild pathologic manifestations in the
LDLR-J- mice are likely attributable to the failure of the
plasma cholesterol to reach the levels observed in humans with
homozygous FH who have total plasma cholesterol of 600-
1,000 mg/dl ( 1). This difference may be explained by the fact
that livers of mice, unlike those of humans, produce two ver-
sions of apolipoprotein B, apo B-100 and apo B-48, both of
which are incorporated into VLDL (3-5). In humans and
mice, VLDLs that contain apo B-100 give rise to apo B-100-
containing remnant particles (also called IDL) that are cleared
from plasma almost entirely by LDL receptors (6, 7). In LDL
receptor deficiency these remnants remain in plasma where
they are converted to LDL. Mouse livers also produce VLDLs
that contain apo B-48. In humans this particle is secreted only
in intestinal chylomicrons (3-5). apo B-48 containing VLDLs,
like intestinal chylomicrons, generate remnants that can bind
to a second receptor, designated the chylomicron remnant re-
ceptor (8, 9). Chylomicron remnants (and presumably VLDL
remnants) that contain apo B-48 are cleared rapidly even when
LDL receptors are absent ( 10, 1 1), and they do not give rise to
appreciable amounts of LDL ( 12). This clearance is attribut-
able to the ability ofapo B-48 particles to accept large amounts
ofapo E, which is a ligand for the chylomicron remnant recep-
tor as well as the LDL receptor. In adult mice - 70% ofhepatic
apo B is in the B-48 form (3), and this is believed to account
for the relatively mild elevation of LDL levels in LDLR-'-
mice (2).

In contrast to wild type mice, LDLR-/- mice demonstrated
markedly elevated plasma cholesterol levels when fed modest
amounts ofcholesterol and saturated fat (2). A diet containing
0.2% cholesterol and 10% coconut oil raised the plasma choles-
terol slightly to 149 mg/dl in wild type mice and markedly to
425 mg/dl in LDLR-1- mice. The increased cholesterol was
contained in IDL as well as in LDL. We interpret this finding to
indicate that normal mice produce sufficient LDL receptors to
clear the increased production of cholesterol-rich VLDL that
occurs upon cholesterol feeding. The LDLR-'- mice cannot
clear these particles, and hence they are diet hyperresponsive
(2). The ability of wild type mice to clear large amounts of
lipoproteins from plasma may explain their resistance to ath-
erosclerosis and xanthomatosis induced by cholesterol feeding.

In the current studies we sought to determine whether an
even greater increase in plasma cholesterol could be achieved
by the feeding of an even more lipid-rich diet to the LDLR-/-
mice, and whether this would lead to the secondary manifesta-
tions observed in humans with homozygous FH. The results
indicate that fat-fed LDLR-1- mice develop striking xantho-
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Table I. Plasma Cholesterol Levels in Three Genotypes
on Two Different Diets

Normal chow 1.25% cholesterol

Genotype Male Female Male Female

mg/dl

Wild type 122±8 101±12 132±15 154±12
Heterozygotes 159±7 133±10 288±53 264±55
Homozygotes 225±27 267±22 1,583±120 2,177±72

Total plasma concentrations were measured from four or five male
and female mice (nonfasting) that were wild type (+/+), heterozygous
(+/-), or homozygous (-/-) for a disrupted LDL receptor allele fed
either a normal chow diet or a 1.25% cholesterol chow diet for 2 wk.
The values are mean±SE. The mice were 6 mo of age at the time of
blood collection.

matous infiltration of skin and subcutaneous tissues as well as
fulminant aortic atherosclerosis, thereby providing a model for
the clinical features of homozygous FH.

formed with F2 generation descendants that are hybrids between the
C57B1/6J and 129Sv strains. Wild type littermates (LDLR+'I) were
used as controls. Mice were maintained on 12-h dark and 12-h light
cycles and were allowed access to food and water ad libitum.

Diets. Two diets were used. (a) A normal chow diet (Teklad 4%
mouse/rat diet 7001; Harlan Teklad Premier Laboratory Diets, Ma-
dison, WI) that contained 4% (wt/wt) animal fat with < 0.04% (wt/
wt) cholesterol. (b) A 1.25% cholesterol diet (three parts ofthe normal
chow diet mixed with one part of a 30% cocoa butter, 5% cholesterol
diet; TD 78399; from Harlan Teklad) adjusted to contain 7.5% (wt/
wt) cocoa butter, 1.25% cholesterol, 7.5% casein, and 0.5% (wt/wt)
sodium cholate.

Tissue morphology. Mice were assigned sequential identification
numbers and killed by cervical dislocation after blood was collected
from the retro-orbital plexus. Hearts and aortas were exposed and re-
moved en bloc in the fresh state for morphological evaluation by an
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Methods

General methods. Blood was sampled from the retro-orbital plexus as
described (2). Plasma cholesterol and triglycerides were determined
enzymatically with assay kits obtained from Boehringer Mannheim
Biochemicals (Indianapolis, IN) and Sigma Chemical Co. (St. Louis,
MO), respectively. Plasma lipoprotein analysis was performed by fast
performance liquid chromatography (FPLC) gel filtration as described
(2), except that the plasma lipoprotein fraction (d < 1.215 g/ml) was
delipidated with ethanol/ether (1:1), omitting trichloroacetic acid pre-
cipitation.

Mice. LDL receptor knockout mice (LDLR-I-) were created by
homologous recombination as described (2). Experiments were per-
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Figure 1. FPLC profiles of plasma lipoproteins from wild type (A)
and LDLR -- mice (B) fed different diets. Mice with the indicated
genotype (n = 6; three males and three females) were fed either a
normal chow diet (o) or a 1.25% cholesterol (*) diet for 6 mo. Blood
was obtained from nonfasted animals, the d < 1.215 g/ml lipoprotein
fraction of pooled plasma from each group was subjected to gel fil-
tration on FPLC, and the cholesterol content of each fraction was
measured as described in Methods. Note the break in the scale in B.
The mice were 10 mo of age at the time of blood collection. The
total plasma cholesterol levels (mean values) in the wild type mice
on the normal and cholesterol diets were 99 and 163 mg/dl, respec-
tively. The comparable values in the LDLR-1- mice were 291 and
2,278 mg/dl.
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Figure 2. SDS-PAGE of apolipoproteins from lipoproteins of wild
type and LDLR-/- mice fed different diets. Six mice (three males
and three females) that were wild type (+) or homozygous for the
disrupted LDL receptor allele (-) were fed a normal chow diet (lanes
1, 2, and 5-10) or a diet containing 1.25% cholesterol (lanes 3, 4,
and 11-16) for 6 mo. (A) The total lipoprotein fraction of plasma (d
< 1.215 g/ml) was delipidated with ethanol/ether, and an aliquot
corresponding to 30 ,l plasma was subjected to electrophoresis on
5-20% SDS gradient gels. (B) The apoproteins from the peak tube
in the VLDL, IDL/LDL, and HDL containing fractions (equivalent
to 24,gl of plasma) in Fig. 1 were delipidated and subjected to SDS-
PAGE. Proteins were stained with Coomassie blue, and the intensity
of the bands was estimated by densitometric scanning. The gels were
calibrated with Rainbow' Protein Molecular Weight Markers
(Amersham Corp., Arlington Heights, IL). The positions of migra-
tion of apo B- 00, apo B-48, apo E, and apo A-I are indicated.
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Figure 4. In situ photograph of aortic arches of wild type (A) and LDLR'-- (B) mice that had been fed a 1.25% cholesterol diet for 8 mo. The
mice (males) were 13 mo of age at the time of the photograph. (B) Extensive aortic plaque formation is visible through the thin aortic wall,
involving the aortic arch as well as the proximal portions of major branch vessels. The total plasma cholesterol levels in the wild type and
LDLR-'- mice were 173 and 1,893 mg/dl, respectively.

observer blinded to the genotype and dietary status ofthe animal. Aor-
tas were transected immediately proximal to the origin of the brachio-
cephalic artery, opened longitudinally, and pinned. The entire aorta
was rinsed briefly in 70% (vol/vol) ethanol, then immersed in 0.5%
(wt/vol) Sudan IV in 35% ethanol/50% acetone for 15 min with con-
tinuous shaking. The aorta was destained in 80% ethanol until the
background color was clear and then washed with water ( 13). Gross
intimal abnormalities were noted and photographed.

Hearts from odd-numbered mice were fixed by immersion in 10%
(vol/vol) neutral buffered formalin for a minimum of 3 d. After fixa-
tion, ventricles were transected midway between apex and base in a
plane parallel to a line defined by the tips ofthe atrial appendages. Basal
ventricular segments, in continuity with atria and aortic roots, were
dehydrated, embedded in paraffin and serially sectioned at 6 Mm from
ventricle through the aortic root and ascending aorta, encompassing
both coronary ostia, the coronary sinuses, and the aortic valve leaflet,
parallel to the plane described above. Every 10th section was rehy-
drated in graded xylene and ethanol, stained with hematoxylin & eosin
(H&E), and examined by light microscopy.

Hearts from even-numbered mice were transected in the fresh state
midway between apex and base in a plane parallel to a line defined by
the tips of atrial appendages. Basal ventricular segments in continuity
with atria and aortic roots were embedded in O.C.T embedding com-
pound (Miles Laboratories, Elkhart, IN) and frozen in liquid nitrogen.

Frozen blocks were cryostat sectioned at 4 jm from the ventricular
margin to the aortic root in a plane parallel to the original plane ofthe
section. Initial sections were captured at - 200-jim intervals, stained
with H&E, and immediately examined by light microscopy to assess
proximity to the aortic root. Upon identification of the aortic root,
paired sections through both coronary ostia, the coronary sinuses, and
the aortic leaflets were captured at - 40-jim intervals, stained with
H&E and Sudan IV/hematoxylin, and examined by light microscopy.

Xanthomas were evaluated histologically using both frozen and
paraffin sections and stained in the same manner as the cardiac sec-
tions.

Results

To stress the lipoprotein transport system in LDLR-1- mice,
we chose the atherogenic diet that was developed for mice by
Paigen et al. ( 14). This diet contains normal mouse chow sup-
plemented with 1.25% cholesterol, 7.5% cocoa butter, 7.5%
casein, and 0.5% sodium cholate. We designate this diet as the
1.25% cholesterol diet. After 2 wk on this diet, the total plasma
cholesterol had risen dramatically to levels > 1,500 mg/dl in
male and female LDLR-'- mice, but it remained < 160 mg/dl
in wild type mice (Table I). The total plasma triglyceride levels

Figure 3. Xanthomas in an LDL receptor knockout mouse (- /-) as compared with a xanthoma-free wild type mouse (+ / +). Both mice (fe-
males) were maintained on a 1.25% cholesterol diet for 7 mo and were 12 mo of age at the time of the photograph. (A) Face of +/+ mouse
(right) and -/- mouse (left), showing the xanthomatous involvement of ears and xanthelasmas in the -/- mouse. (B) Ventral aspect of the
lower body, including hind paws, of+/+ mouse (left) and -/- mouse (right). (C) Eyelid of +/+ mouse. (D) Xanthelasma of eyelid in -/-
mouse. (E) Hind paw of +/+ mouse. (F) Xanthomas ofthe hind paw of -/- mouse. (G) Microscopic section ofthe xanthelasma from eyelid
of -/- mouse (Sudan IV with hematoxylin counterstain; x250). The dermis contains a conspicuous infiltrate of macrophages laden with
abundant cytoplasmic lipid. (H) Microscopic section of xanthomas from hind paw of -/- mouse (H&E; X250). A prominent infiltrate of
lipid-laden, vacuolated histiocytes, and giant cells is present within the soft tissue associated with cleft-like spaces that mark sites of cholesterol
crystal deposition. The total plasma cholesterol levels in the +/+ mice ranged from 190 to 264 mg/dl; the values in the -/- mice ranged from
1,961 to 2,360 mg/dl.
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did not change significantly. The mean values for wild type
mice (males and females combined) decreased slightly from
129 to 102 mg/dl on the atherogenic diet. In the LDLR-1-
mice, the mean values increased slightly from 142 to 157 mg/dl.

After 6 mo on the 1.25% cholesterol diet, the LDLR-1-
mice exhibited a massive increase in cholesterol contained in
VLDL and LDL as determined by gel filtration chromatogra-
phy (Fig. 1 B). An elevation was also observed in lipoproteins
with sizes between those ofVLDL and LDL, which represent
VLDL remnants or IDL. In wild type mice, the VLDL, IDL,
and LDL cholesterol levels also rose, but their levels were < 1 /
20th of the levels seen in the LDLR-1- mice (Fig. 1 A). Wild
type as well as LDLR-J- mice exhibited a marked decline in
cholesterol contained in HDL.

To determine the effects ofthe 1.25% cholesterol diet on the
total amount of apoproteins in plasma, we performed SDS-
PAGE on the total lipoprotein fraction (Fig. 2 A). On a normal
diet the levels of apo B-100, apo B-48, and apo E were mark-
edly elevated in the LDLR-1- mice as compared with the wild
type mice (compare lanes 2 and 1). These levels increased
further when the LDLR-1- mice were fed the 1.25% choles-
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terol diet (lane 4). The relative effect of the diet on apo B-48
was greater than on apo B- 100. Thus, the ratio of apo B-48 to
apo B-100 increased from 0.2 in the chow-fed LDLR-C- mice
(lane 2) to 1.0 in the cholesterol-fed LDLR-'- mice (lane 4).

The three apoproteins (apo B-48, apo B-100, and apo-E)
that were elevated by cholesterol feeding in the LDLR -"- mice
were found in the VLDL and LDL fractions as defined by gel
filtration (Fig. 2 B). They were also found in the IDL fractions
(data not shown).

Among wild type animals maintained on normal chow and
1.25% cholesterol diets, no gross lesions of xanthomatosis or
atherosclerosis were detected externally (Fig. 3, A, B, C, and E)
or in the aortic arch in situ (Fig. 4 A). Sudan IV-stained aortas
from wild type mice maintained on a 1.25% cholesterol diet for
8 mo (Fig. 5 C) retained the normal translucent quality of
age-matched wild type animals fed a normal control diet (Fig.
5 A). Similarly, among LDLR-I- mice fed a normal diet for up
to 13 mo, no gross aortic lesions were detectable (Fig. 5 B).

In contrast, LDLR-- animals maintained on a 1.25% cho-
lesterol diet for 7 mo developed conspicuous xanthelasma,
xanthomatous infiltration of the ears, ventral xanthomas, and
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Figure 5. Photographs of luminal surface of aortas from wild type mice (A and C) and LDLR -- mice (B and D) stained for lipid with Sudan IV.
Male mice were fed the indicated diet for 8 mo and were 13 mo of age at the time of the photographs. (A) Wild type mouse fed a normal chow
diet (total plasma cholesterol, 125 mg/dl). (B) LDLR-1- mouse fed a normal chow diet (plasma cholesterol, 277 mg/dl). (C) Wild type mouse
fed a 1.25% cholesterol diet (plasma cholesterol, 225 mg/dl). (D) LDLR-'- mouse fed a 1.25% cholesterol diet (plasma cholesterol, 1,893
mg/dl). (A-C) Intimal surfaces from both wild type mice and the LDLR-'- mouse maintained on a normal chow diet retain a glistening,
translucent quality, with only small deposits of adventitial fat visible. The aorta in D contains prominent elevated lipid-rich plaques over most
of its length.
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footpad thickening (Figs. 3, A, B, D, and F). The lesions be-
came clinically apparent 5 mo after initiation of feeding. Histo-
logical examination confirmed the presence of abundant Su-
dan IV-stainable lipid within the eyelid xanthelasma of such
animals (Fig. 3 G), and a vigorous xanthogranulomatous reac-
tion was seen in the soft tissues ofthe footpads (Fig. 3 H). The
aortas from such LDLR-,- mice contained well-developed
atheromas, readily visible upon exposure of the aortic arch in
situ (Fig. 4 B). Sudan IV stains of whole aortas from these
animals confirmed the presence ofprominent, lipid-rich ather-
omas involving virtually the entire length of the vessel
(Fig. 5 D).

Histological examination of the aortic roots of LDLR-J-
mice demonstrated small accumulations of intimal foam cells
within the walls ofthe coronary sinuses in animals fed normal
chow for 12 mo (Fig. 6, A-C). No abnormalities were detected
microscopically in age-matched wild type animals maintained
on the same diet (data not shown).

Among wild type animals maintained 7 mo on a 1.25%
cholesterol diet, histological sections of the aortic root demon-
strated good preservation of aortic wall and valve morphology
(Fig. 7 A), with only occasional, minute lipid deposits appar-
ent in Sudan IV-stained sections. In striking contrast, histologi-
cal examination ofthe aortic roots ofLDLR -I- animals main-
tained on a 1.25% cholesterol diet for 7 mo demonstrated mas-
sive atheromatous deposits within the proximal aorta, which in
some cases virtually occluded the coronary sinuses (Fig. 7 B).
The morphology of the aortic lesions was that of a typical ath-
eroma with a well-developed, lipid-rich core and an accom-
panying foam cell infiltrate (Fig. 7, C and D). In addition to
the coronary ostial compromise produced by the large coro-
nary sinus atheromas, atheromatous plaques extended into the
proximal lumens ofboth right and left coronary arteries (Fig. 8
A). Distal coronary plaques or foam cells, however, were not
found in any animals. In addition to the aortic changes noted,
atheromatous plaques were invariably present in the main pul-
monary trunks ofLDLR-I- after 8 mo ofthe cholesterol feed-
ing (Fig. 8 B).

Discussion

The current data demonstrate that homozygous LDL recep-
tor-deficient mice develop all ofthe cardinal manifestations of
homozygous FH when they are fed an atherogenic diet rich in
cholesterol, saturated fat, and cholic acid. The resemblance
between the mouse and human pathology is striking. In both
species cholesterol-loaded macrophages accumulate in skin
and subcutaneous tissues, creating massive xanthomas.

In the LDLR -- mice, arterial involvement appeared most
severe at the root of the aorta and the ostia of the coronary
arteries with variable degrees of xanthomatous change in the
aortic valve leaflets. Atheromatous lesions were also detected
in the pulmonary trunks ofLDLR -,- mice. Strikingly, the dis-
tal coronary arteries were spared. Similar findings have been
reported in FH homozygotes ( 1, 15-18). A recent study of 49
South African FH homozygotes with the relatively mild recep-
tor-defective form of the disease revealed that the aortic valve,
root, and coronary ostia became severely atherosclerotic in the
teenage years ( 18). Individuals who survived developed distal
coronary artery disease after 20 yr ofage. A similar progression
appears to be the case in homozygous Watanabe-heritable hy-

Figure 6. Photomicrographs of cross sections through the aortic valve
attachment sites in LDLR'1 mice fed a normal chow diet. The mice
(females) were 12 mo of age at the time of the photograph. Their
plasma cholesterol levels were 342 mg/dl in A and B and 262 mg/dl
in C. (A) Small subendothelial lipid deposits are visible within the
coronary sinus near one valve attachment site (arrow) (H&E, X50).
(B) Higher magnification of the lesion shown in A, demonstrating
intimal foam cell accumulation in the wall of coronary sinus (H&E,
X250). (C) Cryostat section stained with Sudan IV and counter-
stained with hematoxylin. Intimal lipid deposits near point of valve
attachment are stained red (X250).

perlipidemic rabbits that lack LDL receptors ( 9). The
LDLR'-, mice in the current study were followed for only 7-8
mo on the cholesterol diet. It will be important to follow these
mice for longer periods to determine whether they develop dis-
tal coronary occlusions.
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Figure 7. Atherosclerotic lesions in the coronary sinus ofLDLR-/- mice (B-D) as compared with a wild type mouse (A) fed a 1.25% cholesterol
diet for 7 mo. (A) Low-power photomicrograph of cross section of aortic root of wild type mouse at-the level of the coronary sinus. The aortic
root is of normal diameter, and no lipid deposits are visible within the walls of the coronary sinuses (H&E, X50) (plasma cholesterol, 196 mg/
dl). (B) Low-power photomicrograph of cross section of aortic root of LDLR-'- mouse. The aortic root is ectatic, and the coronary sinuses
and portions of the aortic valve leaflets contain massive atheromatous plaques (H&E, X50) (plasma cholesterol, 2,308 mg/dl). (C) Higher
magnification of advanced coronary sinus plaque shown in B. A prominent lipid core containing readily visible cholesterol clefts is present in
the deeper region ofthe plaque, capped by well-preserved foam cells (H&E, X250). (D) Cryostat section through aortic root ofLDLR-'- mouse.
The Sudan IV stains lipid deposits in an advanced atheroma with a characteristic red color (Sudan IV with hematoxylin counterstain, X250)
(plasma cholesterol, 1,974 mg/dl).

The mechanism for the apparent proximal-to-distal spread
of atherosclerosis in LDL receptor deficiency states is obscure.
The earlier involvement oflarge diameter arteries may relate to
hemodynamic factors. Alternatively, it may relate to different
properties ofthe endothelium, smooth muscle cells, or connec-
tive tissue substances in larger vessels as compared with smaller
ones.

The development of the cholesterol-fed LDLR-'- mouse
model of atherosclerosis may allow delineation of genes that
control the atherosclerotic process. Certain strains of mice are
more atherosclerosis prone than others when fed atherogenic
diets (14, 20, 21). One susceptibility gene has been traced to a
single locus designated Ath-i on mouse chromosome 1 (refer-
ence 22). It will be of interest to breed the LDLR -,' mice with
mice ofdifferent strains to search for additional genes that ame-
liorate atherosclerosis and xanthomatosis. The presence of
striking external xanthomatosis provides an easy system to
score mice for the inheritance of this trait.

The current observations may be compared with the pat-
tern of atherosclerosis reported in mice in whom the gene for

apo E has been disrupted (23, 24). On a chow diet these ani-
mals have higher total cholesterol levels than do the LDLR-,-
mice (-. 450 vs. 235 mg/dl), and they develop atherosclerosis
of the aortic root and coronary ostia without the need for cho-
lesterol feeding (23, 24). Although the hypercholesterolemia
and atherosclerosis were made much worse when the apo E-/-
mice were fed a diet that contains 0.15% cholesterol (24),
xanthomatosis was not reported.

In the current study widespread xanthomatosis was ob-
served in 13 LDLR -/- mice that were fed the 1.25% cholesterol
diet for 7-10 mo. These animals had total plasma cholesterol
levels that ranged from 1,304 to 2,893 mg/dl (mean, 2097
mg/dl). In studies not yet reported, apo E-/- mice were fed a
1.25% cholesterol diet similar to that used in the current study.
Even though the apo E-/- mice manifested total plasma choles-
terol levels in the range of4,000 mg/dl, they did not show gross
evidence of cutaneous or tendon xanthomata after 3 mo (N.
Maeda, personal communication). This result raises the possi-
bility that xanthomatosis is accelerated by some action of apo
E. This apoprotein may act as an agent for lipoprotein uptake
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in macrophages, or it might mediate lipoprotein adherence to
connective tissue elements in tendon and skin.
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Figure 8. Photomicrographs of the
atherosclerotic lesions in a coronary
artery (A) and a pulmonary artery
(B) of a LDLR-'- mouse fed a
1.25% cholesterol diet for 8 mo. The
male mouse was 13 mo ofage at the
time of the photograph (total
plasma cholesterol level, 1,893 mg/
dl). (A) Cross section through left
main coronary artery. Atheroma-
tous lesions were present in the
proximal portions of both right and
left coronary arteries in animals
with advanced coronary sinus le-
sions, but spared the more distal
portions of the coronaries in all cases
(H&E, X250). (B) Longitudinal
section through pulmonic valve and
main pulmonary artery. Prominent
supravalvular atheromas (arrows)
are present in the pulmonary artery
(H&E, X50).
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