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Atherosclerosis, a major underlying cause of coronary 
heart disease (CHD), is a consequence of both dysregu-

lated lipid metabolism as well as inflammatory processes that 
involve the binding of monocytes to dysfunctional endothe-
lium, their recruitment to susceptible areas of the arterial wall 
and their differentiation to macrophages and development into 
foam cells.1 The accumulation of foam cells gives the appear-
ance of fatty streaks in the intima of arterial walls at the early 
stages of atherosclerosis thereby leading to the formation of 
atherosclerotic plaques as the disease develops.1 The statins are 
potent inhibitors of cholesterol synthesis. Several large-scale 

clinical trials have consistently demonstrated the effects of 
statins in plasma lipid lowering and in the primary and sec-
ondary prevention of CHD.2 Recent studies, however, suggest 
that the beneficial effects of statins may extend beyond their 
effects on lowering serum cholesterol levels.3,4 These studies 
suggest that statins likely protect the cardiovascular system 
against atherosclerosis via plasma lipid lowering-dependent 
and lowering-independent mechanisms. Rosuvastatin, a potent 
statin, has shown several beneficial characteristics, including 
a long half-life, a favorable safety profile, and low propensity 
for cytochrome P450 drug interactions.5
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Objective—Rosuvastatin has been widely used in the primary and secondary prevention of coronary heart disease. However, 
its antiatherosclerotic properties have not been tested in a mouse model that could mimic human coronary heart disease. 
The present study was designed to test the effects of rosuvastatin on coronary artery atherosclerosis and myocardial 
fibrosis in SR-B1 (scavenger receptor class B type 1) and apoE (apolipoprotein E) double knockout mice.

Approach and Results—Three-week-old SR-B1−/−/apoE−/− mice were injected daily with 10 mg/kg of rosuvastatin for 
2 weeks. Compared with saline-treated mice, rosuvastatin-treated mice showed increased levels of hepatic PCSK9 
(proprotein convertase subtilisin/kexin type-9) and LDLR (low-density lipoprotein receptor) message, increased plasma 
PCSK9 protein but decreased levels of hepatic LDLR protein and increased plasma total cholesterol associated with 
apoB (apolipoprotein B) 48-containing lipoproteins. In spite of this, rosuvastatin treatment was associated with decreased 
atherosclerosis in both the aortic sinus and coronary arteries and reduced platelet accumulation in atherosclerotic coronary 
arteries. Cardiac fibrosis and cardiomegaly were also attenuated in rosuvastatin-treated SR-B1−/−/apoE−/− mice. Two-week 
treatment with rosuvastatin resulted in significant decreases in markers of oxidized phospholipids in atherosclerotic 
plaques. In vitro analysis showed that incubation of bone marrow-derived macrophages with rosuvastatin substantially 
downregulated cluster of differentiation (CD)36 and inhibited oxidized LDL-induced foam cell formation.

Conclusions—Rosuvastatin protected SR-B1−/−/apoE−/− mice against atherosclerosis and platelet accumulation in coronary 
arteries and attenuated myocardial fibrosis and cardiomegaly, despite increased plasma total cholesterol. The ability of 
rosuvastatin to reduce oxidized phospholipids in atherosclerotic plaques and inhibit macrophage foam cell formation may 
have contributed to this protection.

Visual Overview—An online visual overview is available for this article.   (Arterioscler Thromb Vasc Biol. 2018;38:26-39. 
DOI: 10.1161/ATVBAHA.117.305140.)
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The pleiotropic effects of rosuvastatin have been studied 
using several mouse models exhibiting aspects of atherosclerotic 
cardiovascular disease in isolation.6–13 The most widely used 
mouse model of atherosclerosis is the apoE−/− (apolipoprotein E) 
mouse.14–16 In apoE−/− mice, total plasma cholesterol levels are 
≈5× higher than in wild-type mice, because of increased VLDL 
(very-low–density lipoprotein), IDL (intermediate-density lipo-
protein), and LDL (low-density lipoprotein).14–16 ApoE−/− mice 
fed a normal chow diet develop atherosclerosis by 3 months 
of age, and atherosclerosis can be accelerated by feeding the 
mice high-fat or high-cholesterol diets.14–16 Several studies dem-
onstrated that rosuvastatin treatment at varying doses reduced 
inflammation, thrombosis, and apoptosis in the aortic sinus and 
proximal aortas of apoE−/− mice, although plasma total choles-
terol and triglyceride levels were not altered.6,9,10,12,17–20 On the 
other hand, other studies reported beneficial effects of rosuvas-
tatin were accompanied by reductions in plasma total cholesterol 
in apoE−/− mice.7,8 Still, other studies have reported that treatment 
of apoE−/− mice with other statins, including simvastatin, resulted 
in increased plasma cholesterol levels in some cases accompa-
nied by increased atherosclerosis.21–23 ApoE−/− mice exhibit severe 
atherosclerotic plaque formation in the aortic sinus, aortic arch, 
and brachiocephalic arteries.14–16 Plaques have been observed in 
coronary arteries of apoE−/− mice, particularly those mice fed 
high-fat diets for extended periods of time.14–16 However, these 
are not frequent and these mice do not seem to develop subse-
quent myocardial infarction and heart dysfunction.24

In contrast, apoE−/− mice that are also deficient in the 
SR-B1 (scavenger receptor class B type 1) exhibit spontane-
ous, occlusive coronary artery atherosclerosis, which devel-
ops rapidly by 5 weeks of age.25–29 SR-B1 is a cell surface 
HDL (high-density lipoprotein) receptor, expressed in liver, 
intestine, steroidogenic tissues (eg, adrenal gland, ovary, and 
testis), and vascular cells (eg, macrophages and endothelial 
cells).30 SR-B1 in the liver and steroidogenic tissues mediates 
selective HDL lipid uptake, and hepatic SR-B1 drives reverse 

cholesterol transport to remove cholesterol from peripheral 
tissues for biliary excretion.31,32 SR-B1 has also been shown 
to enhance cholesterol efflux from cells33,34 and to mediate 
HDL-dependent activation of cellular signaling pathways in 
diverse cells including endothelial cells and macrophages.35–39 
Mice lacking both SR-B1 and apoE develop increased athero-
sclerosis in their aortic sinus and occlusive coronary artery 
atherosclerosis between 3 and 5 weeks of age.25–29 They also 
exhibit extensive myocardial fibrosis, cardiac functional 
and conductance abnormalities, and reduced life span (6 to 
8 weeks of age) compared with their apoE−/− littermates.25–29 
Braun et al27,28 have tested several pharmacological interven-
tions on these phenotypes in SR-B1−/−/apoE−/− mice. Probucol, 
an antioxidant and lipid-lowering drug, corrected the lipo-
protein abnormalities in SR-B1−/−/apoE−/− mice and delayed 
development of occlusive coronary atherosclerosis, and car-
diac pathology, and extended their life span to 36 weeks.28 
Ezetimibe, an inhibitor of intestinal cholesterol absorption, 
lowered LDL cholesterol and reduced aortic sinus, and coro-
nary arterial atherosclerosis and myocardial fibrosis and also 
increased the survival of SR-B1−/−/apoE−/− mice.27 Similarly, 
LDL cholesterol was reduced and survival prolonged when 
SR-B1−/−/apoE−/− mice were treated with SC-435, an apical 
sodium codependent bile acid transporter inhibitor, which 
prevents intestinal absorption of bile acid.27 Oral supplemen-
tation of drinking water with pomegranate extract reduced 
oxidative stress and inflammation in coronary arteries of 
SR-B1−/−/apoE−/− mice and reduced atherosclerosis and myo-
cardial fibrosis and delayed the development of ECG abnor-
malities, although plasma cholesterol levels were increased.26 
These studies suggest that the SR-B1−/−/apoE−/− mouse may 
be a useful model system in which to analyze mechanisms 
of pharmacological protection against CHD. To date, how-
ever, the effects of statin treatment on development of coro-
nary artery atherosclerosis and associated phenotypes in the 
SR-B1−/−/apoE−/− mouse have not been tested.

To investigate the effects of rosuvastatin treatment on the 
development of coronary artery atherosclerosis and myocar-
dial infarction in mice, we treated SR-B1−/−/apoE−/− mice with 
or without rosuvastatin. Treatment began at 3 weeks of age, 
preceding the start of atherosclerosis development in the aortic 
sinus or coronary arteries.26,28 In this study, we show that daily 
treatment of SR-B1−/−/apoE−/− mice for 2 weeks with rosuvas-
tatin (10 mg/kg of body weight) resulted in increased levels of 
hepatic LDLR (LDL receptor) and PCSK9 (proprotein conver-
tase subtilisin/kexin type-9) gene expression but reduced lev-
els of hepatic LDLR protein and increased plasma cholesterol 
associated with VLDL-sized lipoprotein particles. Despite this, 
rosuvastatin treatment of SR-B1−/−/apoE−/− mice reduced aortic 
sinus and coronary artery atherosclerosis, platelet accumula-
tion in atherosclerotic coronary arteries, cardiac enlargement, 
and cardiac fibrosis. Rosuvastatin also reduced the levels of 
oxidized lipids in atherosclerotic plaques in the aortic sinus and 
coronary arteries. Rosuvastatin treatment of cultured macro-
phages from SR-B1−/−/apoE−/− mice reduced levels of cluster of 
differentiation (CD)36 protein and oxLDL (oxidized low-den-
sity lipoprotein)-driven foam cell formation. These reductions 
in the accumulation of oxidized phospholipids in the walls of 
arteries and reduced oxLDL uptake by macrophages may have 
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Figure 1. Effects of rosuvastatin on plasma lipoprotein cholesterol in SR-B1−/−/apoE−/− mice. A, Free cholesterol (white bars) and choles-
terol ester (gray bars) in plasma samples from control saline- or rosuvastatin-treated SR-B1−/−/apoE−/− mice (n=10, 10). B, Representative 
immunoblot of plasma apoB100 (500 kD), apoB48 (250 kD), and apoA1 (25 kD) from control saline- or rosuvastatin-treated SR-B1−/−/
apoE−/− mice. C through E, Quantification of relative amounts of apoB48 (C; n=8, 9), apoB100 (D; n=8, 9), and apoA1 (E; n=5, 4) in plasma 
from control saline- or rosuvastatin-treated SR-B1−/−/apoE−/− mice. F, Plasma lipoproteins were fractionated by FPLC (fast protein liquid 
chromatography), and total cholesterol in each fraction was determined. Representative profiles from control saline- or rosuvastatin-
treated SR-B1−/−/apoE−/− mice are shown. G, Total cholesterol in pooled fractions corresponding to VLDL-, IDL/LDL- and HDL-sized 
lipoproteins from control saline- or rosuvastatin-treated SR-B1−/−/apoE−/− mice. (n=6, 6). H, Representative images of immunoblotting 
of apoB48 and apoA1 in pooled fractions corresponding to VLDL- and IDL/LDL-sized lipoproteins from control saline- or rosuvastatin-
treated SR-B1−/−/apoE−/− mice. I and J, Quantification of relative amounts of apoB48 (I) and apoA1 (J) in pooled fractions corresponding 
to VLDL- and IDL/LDL-sized lipoproteins from control saline- or rosuvastatin-treated SR-B1−/−/apoE−/− mice (n=6, 6). K, ELISA measure-
ment of apoB100 in pooled fractions corresponding to VLDL- and IDL/LDL-sized lipoproteins from control saline- or rosuvastatin-treated 
SR-B1−/−/apoE−/− mice (n=5, 8). L and M, Representative immunoblot (L) of LDLR and Na/K-ATPase and quantification (M) of relative 
LDLR protein levels in liver total membranes from control saline- or rosuvastatin-treated SR-B1−/−/apoE−/− mice (n=8, 9). N and O, RT-PCR 
(reverse transcription-polymerase chain reaction) analysis of hepatic LDLR (N) and PCSK9 (proprotein convertase (Continued ) 
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contributed to the ability of rosuvastatin to protect against the 
development of occlusive coronary artery atherosclerosis and 
associated CHD in SR-B1−/−/apoE−/− mice. This is the first in 
vivo study, in a single mouse model, to show statin-mediated 
reductions in coronary artery atherosclerosis, accumulation of 
platelets in atherosclerotic coronary arteries and myocardial 
infarction that are independent of cholesterol lowering. It pro-
vides important insights into cholesterol-independent mecha-
nisms of rosuvastatin-mediated protection against CHD.

Materials and Methods
Materials and Methods are available in the online-only Data 
Supplement.

Results
Rosuvastatin Increased Plasma Cholesterol 
Levels in SR-B1−/−/ApoE−/− Mice
SR-B1−/−/apoE−/− mice develop severe hypercholesterolemia 
with a significant increase of VLDL-sized lipoproteins (size 
fractionated by fast protein liquid chromatography) com-
pared with apoE−/− littermates40 and plasma lipoproteins 
from SR-B1−/−/apoE−/− mice contain abnormally high levels 
of unesterified cholesterol,28,29 which may contribute to the 
reported coronary artery atherosclerosis and cardiac pathology. 
Similarly, our data showed that the average plasma cholesterol 
levels in 5-week-old SR-B1−/−/apoE−/− mice was ≈10 mmol/L 
and that the majority of cholesterol was associated with VLDL-
sized fractions (Figure 1A, 1F, and 1G). However, daily treat-
ment of SR-B1−/−/apoE−/− mice with rosuvastatin, beginning 
at age of 3 weeks and lasting 2 weeks, increased plasma total 
cholesterol by 33% (Figure 1A). Rosuvastatin treatment did not 
correct the abnormally high free cholesterol:total cholesterol 
ratio in SR-B1−/−/apoE−/− mice (Figure 1A). Rosuvastatin treat-
ment increased the plasma levels of apoB48 (apolipoprotein 
B-48), but not apoB100 (which was present at much lower lev-
els than apoB48) or apoA1 in SR-B1−/−/apoE−/− mice (Figure 1B 
through 1E). The lipoprotein cholesterol profiles of saline- or 
rosuvastatin-treated SR-B1−/−/apoE−/− mice revealed that rosuv-
astatin treatment increased cholesterol (Figure 1F and 1G) and 
apoB48 levels (Figure 1H and 1I) associated with VLDL-sized 
particles without substantially altering levels of cholesterol or 
apoB48 associated with IDL/LDL-sized, or cholesterol associ-
ated with HDL-sized lipoproteins. Rosuvastatin treatment did 
not significantly alter levels of apoA1 detected by immunob-
lotting (Figure 1H and 1J), or apoB100 detected by ELISA in 
(Figure 1K) in pools of fractions associated with VLDL-sized 
or IDL/LDL-sized lipoproteins. These results suggest that rosu-
vastatin treatment resulted in increases in the amount of apoB48 
containing lipoproteins that migrated in the VLDL-size range 
in SR-B1−/−/apoE−/− mice. ApoB48-containing lipoproteins pos-
sess only a single molecule of apoB48 per particle.41 Therefore, 

we interpret this increase in cholesterol and apoB48 protein 
in the VLDL-sized lipoprotein fraction in rosuvastatin-treated 
SR-B1−/−/apoE−/− mice as most likely indicating that rosuvas-
tatin treatment increased the concentration of apoB48-contain-
ing lipoprotein particles in this size range. However, because 
we did not separate apoB48-containing from apoA1-containing 
lipoproteins in the VLDL-sized fractions, we cannot rule out the 
possibility that rosuvastatin treatment may also have increased 
cholesterol levels in apoA1-containing (but apoB-free) lipo-
proteins within the VLDL-sized fraction. The mechanism by 
which rosuvastatin treatment resulted in increased apoB48 and 
cholesterol associated with VLDL-sized lipoproteins is cur-
rently unclear, but does not seem to be caused by altered levels 
of known apoB48 receptors (Figure I in the online-only Data 
Supplement). In humans, statin treatment leads to increased 
expression of LDLR in liver, promoting the clearance of LDL 
from blood.42 In contrast, rosuvastatin treatment of SR-B1−/−/
apoE−/− mice resulted in an ≈2-fold reduction in LDLR protein 
levels in liver membrane extracts (Figure 1K and 1L) despite 
≈2-fold increased levels of LDLR message in livers detected 
by RT-PCR (reverse transcription-polymerase chain reac-
tion; Figure 1M). A similar 2-fold increase in PCSK9 mRNA 
(Figure 1N) in livers and a 60% increase in PCSK9 protein 
in plasma (Figure 1O) was detected in SR-B1−/−/apoE−/− mice 
treated with rosuvastatin. These changes in LDLR and PCSK9 
message and protein in rosuvastatin-treated SR-B1−/−/apoE−/− 
mice are consistent with the known coordinate upregulation of 
LDLR and PCSK9 gene expression by inhibition of cholesterol 
biosynthesis, and the ability of PCSK9 itself, secreted by the 
liver, to promote the degradation of LDLR in hepatocytes43,44 
(though we noted no differences in the levels of another 
reported target of PCSK9, LRP-145; Figure I in the online-only 
Data Supplement). It is not clear if these alterations in PCSK9 
or hepatic LDLR protein contribute to the observed increases 
in apoB48, which is not a ligand of LDLR. Further research is 
required to understand the mechanisms by which rosuvastatin 
treatment resulted in increased levels of apoB48 and cholesterol 
in VLDL-sized lipoproteins in SR-B1−/−/apoE−/− mice.

Rosuvastatin Attenuated Atherosclerosis and 
Cardiac Pathology in SR-B1−/−/ApoE−/− Mice
Saline-treated SR-B1−/−/apoE−/− mice developed substantial 
atherosclerosis in the aortic sinus (Figure 2A) and coronary 
arteries (Figure 2D through 2H) by 5 weeks of age, consistent 
with previous reports.25–29 Despite the increase in lipoprotein 
cholesterol levels, atherosclerosis was substantially reduced 
in both the aortic sinus (Figure 2B and 2C) and in coronary 
arteries (Figure 2I) of rosuvastatin-treated compared with 
saline-treated SR-B1−/−/apoE−/− mice. Rosuvastatin treatment 
resulted in an ≈44% reduction in the cross-sectional areas of 
atherosclerotic plaques in the aortic sinus (Figure 2C; Figure 

Figure 1 Continued. subtilisin/kexin type-9; O) transcript levels in control saline- or rosuvastatin-treated SR-B1−/−/apoE−/− mice (n=9, 10). 
Transcript levels are expressed as fold change relative to control saline-treated SR-B1−/−/apoE−/− mice and were normalized to GAPDH 
mRNA. P, PCSK9 protein levels in plasma from control saline- or rosuvastatin-treated SR-B1−/−/apoE−/− mice (n=12, 10). Mann–Whitney rank 
sum test was used for all data in except for G, which was analyzed by 2-way ANOVA. *P<0.05, **P<0.02, ***P<0.002, ****P<0.0002, and NS, 
not statistically significant vs control. apoE indicates apolipoprotein E; HDL, high-density lipoprotein; FPLC, fast protein liquid chromatog-
raphy; IDL, intermediate-density lipoprotein; LDL, low-density lipoprotein; LDLR, LDL receptor; SR-B1, scavenger receptor class B type 1; 
and VLDL, very-low–density lipoprotein.
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IIA in the online-only Data Supplement). The majority of 
coronary arteries that developed atherosclerosis in SR-B1−/−/
apoE−/− mice were in the upper portion of the heart, more prox-
imal to the aorta (data not shown), which is consistent with 
the concept that atherosclerosis is a disease involving large- 
and medium-sized arteries.46 Of coronary arteries observed 
in this region of hearts from saline-treated SR-B1−/−/apoE−/− 
mice at 5 weeks of age, 60% exhibited no lipid accumulation 
(Figure 2D) or only fatty streaks (Figure 2E), whereas ≈40% 
exhibited raised or completely occluding atherosclerotic 
plaques (Figure 2F through 2H). However, SR-B1−/−/apoE−/− 
mice treated with rosuvastatin exhibited substantially fewer 
atherosclerotic coronary arteries (mean of 14% of total coro-
nary arteries observed; Figure 2I; Figure IIB in the online-
only Data Supplement).

We reported previously that SR-B1−/−/LDLR−/− mice fed 
a high-fat, high-cholesterol, cholate-containing diet rapidly 
developed occlusive coronary artery atherosclerosis and that 
a substantial percentage of atherosclerotic coronary arteries in 
these mice were characterized by abundant staining for CD41, 
a marker of platelet activation, suggesting that coronary artery 
disease development in these mice may involve thrombus 

formation in addition to atherosclerosis.47 To determine if 
similar processes are involved in the development of coronary 
artery disease in the SR-B1−/−/apoE−/− mice and if they were 
modulated by rosuvastatin treatment, we performed immunos-
taining using an antibody to activated CD61/CD41 on platelets 
in sections of atherosclerotic coronary arteries of saline- and 
rosuvastatin-treated SR-B1−/−/apoE−/− mice (Figure 3). This 
revealed that a substantial proportion (50%) of atherosclerotic 
coronary arteries in 5-week-old SR-B1−/−/apoE−/− mice were 
positive for CD41 staining (Figure 3J). Both the proportion of 
atherosclerotic coronary arteries that were positive for CD41 
staining (Figure 3J), and the average extent of CD41 staining 
in atherosclerotic coronary arteries (Figure 3K) were substan-
tially reduced in 5-week-old SR-B1−/−/apoE−/− mice that had 
been treated for 2 weeks with rosuvastatin. This was observed 
both for coronary arteries that were virtually completely 
occluded by atherosclerotic plaques (Figure 3D, 3E, 3H, and 
3I) as well as coronary arteries that contained raised athero-
sclerotic plaques that occluded <50% of the artery lumen 
(Figure 3A, 3B, 3F, and 3G). In contrast, we detected only 
2 instances of atherosclerotic plaques in the aortic sinus that 
showed CD41-positive staining (not shown), out of ≈27 aortic 

Figure 2. Treatment of SR-B1−/−/apoE−/− mice with rosuvastatin reduced atherosclerosis development in the aortic sinus and coronary 
arteries. Representative images of oil red O/hematoxylin-stained cross sections of aortic sinus from (A) control saline-treated, and (B) 
rosuvastatin-treated SR-B1−/−/apoE−/− mice (scale bar=200 µm). C, Quantification of aortic sinus atherosclerotic plaque size (n=10, 10). 
D through H, Representative sections of oil red O/hematoxylin-stained coronary arteries with various extents of atherosclerosis (D, no 
plaque; E, fatty streaks; F, <50% occluded; G, >50% occluded; and H, 100% occluded). Scale bar=50 µm. I, Quantification of the per-
centage of coronary arteries/section with raised atherosclerotic plaques in saline- or rosuvastatin-treated SR-B1−/−/apoE−/− mice (n=10, 
10). Data were analyzed by the Mann–Whitney rank sum test. *P<0.05 and ****P<0.0001. apoE indicates apolipoprotein E; and SR-B1, 
scavenger receptor class B type 1.
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Figure 3. Rosuvastatin treatment reduced CD41 immunostaining in coronary arteries of SR-B1−/−/apoE−/− mice. Indirect immunofluorescence 
staining (green) for CD41, a marker of activated platelets, is shown in A, D, F, and H; (C) no primary antibody control (nuclear DNA stained 
blue with DAPI). Oil red O/hematoxylin-stained adjacent sections are shown in B, D, F, and H. A and B, Partially and (D and E) completely 
occluded coronary arteries from control saline-treated SR-B1−/−/apoE−/− mice. F and G, Partially and (H and I) completely occluded coronary 
arteries from rosuvastatin-treated SR-B1−/−/apoE−/− mice. Scale bar=50 µm. J, The percentage of CD41-positive atherosclerotic coronary 
arteries and (K) the intensity of CD41 staining (normalized to plaque area) in positive coronary arteries from control saline- (n=13) and rosuv-
astatin-treated (n=14) SR-B1−/−/apoE−/− mice. L, Circulating platelet counts, (M) anti-P-selectin antibody binding, or (N) PE-JON/A (phycoery-
thrin-labeled JON/A; anti-GPIIbIIIa) antibody binding to platelets from control apoE−/− (sKO) or control saline-treated or (Continued ) 
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sinus sections analyzed. Platelets (analyzed by flow cytom-
etry; Figure III in the online-only Data Supplement) were 
reduced in blood from SR-B1−/−/apoE−/− (double knockout 
[dKO]) mice compared with those from control apoE−/− single 
knockout (sKO) mice (Figure 3L). On the other hand platelets 
from SR-B1−/−/apoE−/− (dKO) mice exhibited higher levels of 
cell surface P-selectin (Figure 3M) and GPIIbIIIa (PE-JON/A 
[phycoerythrin-labeled JON/A] binding; Figure 3N) but no 
differences in cell surface CD36 (Figure IV in the online-only 
Data Supplement) compared with those from apoE−/− (sKO) 
mice. This is consistent with reports of thrombocytopenia in 
SR-B1 sKO mice,48–50 despite increased basal activation of cir-
culating platelets50 and increased susceptibility of SR-B1 sKO 
mice to arterial50 and deep vein thrombosis.48 Treatment of 
SR-B1−/−/apoE−/− (dKO) mice with rosuvastatin did not seem 
to affect either platelet counts in blood or markers of activa-
tion under basal conditions (Figure 3L through 3N; Figures III 
and IV in the online-only Data Supplement). Together, these 
data suggest that in addition to reducing the degree of coro-
nary artery atherosclerosis, rosuvastatin treatment reduced the 
accumulation of activated platelets in coronary artery athero-
sclerotic plaques in SR-B1−/−/apoE−/− mice.

Coronary artery atherosclerosis in SR-B1−/−/apoE−/− mice 
is accompanied by myocardial fibrosis and cardiomegaly.25–29 
Consistent with previous reports,25,26,28,29 we found that hearts 
from 5-week-old SR-B1−/−/apoE−/− mice exhibit extensive col-
lagen deposition, as indicated by blue Masson trichrome stain-
ing (healthy myocardium stains red; Figure 4A). Collagen 
deposition was substantially reduced in hearts from rosuvas-
tatin-treated SR-B1−/−/apoE−/− mice (Figure 4B and 4C). This 
suggests that by 5 weeks of age, 2-week rosuvastatin treat-
ment reduced cardiac fibrosis over the course of disease devel-
opment in the SR-B1−/−/apoE−/− mice.

At 5 weeks of age, SR-B1−/−/apoE−/− mice exhibited sig-
nificantly greater heart weights and lower body weights 
than saline-treated apoE−/− littermates, corresponding to 
significantly higher heart:body weight ratios (Figure 4D 
through 4F), which is consistent with previous studies.25,26 
Rosuvastatin treatment did not affect the body weights but 
significantly reduced heart weights and heart:body weight 
ratios in SR-B1−/−/apoE−/− mice, compared with saline treat-
ment (Figure 4D through 4F).

Rosuvastatin Treatment Reduced Levels of 
Oxidized Phospholipids in Atherosclerotic Plaques
To investigate potential mechanisms involved in the anti-
atherogenic effects of rosuvastatin in the face of increased 
lipoprotein cholesterol levels in SR-B1−/−/apoE−/− mice, we 
analyzed levels of oxidized phospholipids in atherosclerotic 
plaques in the aortic sinus and coronary arteries of control 
saline- and rosuvastatin-treated mice. Indirect immuno-
fluorescence staining using the E06 monoclonal antibody 

(mAb), which detects oxidized phospholipids,51,52 revealed 
substantial immunostaining in the aortic sinus in both ath-
erosclerotic plaques and in regions of the artery wall that 
were devoid of atherosclerosis (Figure 5A and 5B) and in 
coronary arteries (Figure 5F and 5G) of saline-treated con-
trol SR-B1−/−/apoE−/− mice. Reduced levels of E06 immuno-
reactivity were observed in both the aortic sinus (Figure 5C 
through 5E) and coronary arteries (Figure 5H through 5J) 
of rosuvastatin-treated SR-B1−/−/apoE−/− mice. Thus, rosu-
vastatin appeared to reduce levels of E06 mAb-detectable 
oxidized phospholipids in the walls of arteries in SR-B1−/−/
apoE−/− mice. On the other hand, we did not detect differ-
ences in the levels of oxLDL detected in plasma of con-
trol SR-B1−/−/apoE−/− versus control apoE−/− (sKO) mice 
or as a result of rosuvastatin treatment of SR-B1−/−/apoE−/− 
(dKO) mice (Figure 5M). Therefore, rosuvastatin treatment 
did not seem to alter plasma oxLDL levels, at least in the 
majority of the SR-B1−/−/apoE−/− mice analyzed, despite 
the increased plasma total cholesterol and apoB48 levels 
(Figure 1), but consistent with unaltered levels of choles-
terol and apoB48/100 associated with LDL-sized lipopro-
teins (Figure 1F through 1H). Plasma from control SR-B1−/−/
apoE−/− (dKO) mice did, however, have a 45-fold increased 
mean level of the acute phase inflammatory marker, SAA1 
(serum amyloid A1) compared with plasma from control 
apoE−/− (sKO) mice (Figure 5N), reminiscent of our previous 
reports of increased plasma interleukin-6 (IL-6) and tumor 
necrosis factor-α (TNF-α) levels in atherogenic diet-fed 
SR-B1−/−/LDLR−/− versus LDLR−/− control mice. On the other 
hand, rosuvastatin treatment did not significantly alter the 
plasma SAA1 levels in SR-B1−/−/apoE−/− mice (Figure 5N). 
Similarly, we saw no differences in the proportions of cir-
culating CD3+ (T-), B220+ (B-), or CD11b+ (myeloid) cells 
from control or rosuvastatin-treated SR-B1−/−/apoE−/− mice 
(Figure V in the online-only Data Supplement). Therefore, 
rosuvastatin treatment of SR-B1−/−/apoE−/− mice reduced lev-
els of E06-mAb detectable oxidized phospholipids in athero-
sclerotic arteries even though oxLDL levels and markers of 
systemic inflammation in plasma were not altered.

Rosuvastatin Treatment of Macrophages Decreases 
CD36 Expression and Foam Cell Formation
To test effects of rosuvastatin on phenotypes of macro-
phages from SR-B1−/−/apoE−/− mice, bone marrow prepared 
from SR-B1−/−/apoE−/− mice was differentiated into macro-
phages in culture and treated with or without rosuvastatin. 
Rosuvastatin treatment did not affect the induction of IL-6, 
monocyte chemotactic protein-1, or IL-1β (markers of M1 
macrophage polarization) on lipopolysaccharide stimula-
tion, or arginase-1, mannose receptor or Fizz-1 (markers of 
M2 macrophage polarization) on IL-4 stimulation (Figure 
VI in the online-only Data Supplement). On the other hand, 

Figure 3 Contined. rosuvastatin-treated SR-B1−/−/apoE−/− (dKO) mice, detected by flow cytometry. Data in M and N are expressed as 
arbitrary fluorescence units. Data in J and K were analyzed by the Mann–Whitney rank sum test. Data in L through N were analyzed by 
1-way ANOVA with the Kruskal–Wallis nonparametric test. *P=0.03, **P<0.01, *** P<0.002, and NS, not statistically significantly different 
vs control apoE−/− (sKO) or control saline-treated SR-B1−/−/apoE−/− (dKO) mice. apoE indicates apolipoprotein E; C, control saline-treated 
SR-B1−/−/apoE−/− (dKO) mice; dKO, double knockout; R, rosuvastatin-treated SR-B1−/−/apoE−/− (dKO) mice; sKO, single knockout; and 
SR-B1, scavenger receptor class B type 1.
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rosuvastatin treatment protected cultured macrophages from 
apoptosis induced by the ER stressor, thapsigargin (Figure 
VII in the online-only Data Supplement). Neither rosuvas-
tatin, oxLDL, nor the combination of rosuvastatin and oxLDL 
significantly affected the levels of SR-A (scavenger recep-
tor class A) transcripts as detected by RT-PCR (Figure 6A). 
On the other hand, oxLDL substantially increased CD36 
transcripts in bone marrow-derived macrophages from 
SR-B1−/−/apoE−/− mice (Figure 6B), consistent with previous 
reports that oxLDL upregulated CD36 expression in macro-
phages.53–56 Rosuvastatin reduced CD36 gene expression in 
oxLDL-treated but not untreated cells (Figure 6B). Similarly, 
rosuvastatin treatment of bone marrow-derived macrophages 
exposed to oxLDL substantially reduced CD36 protein levels 
as detected by flow cytometry (Figure 6C through 6E) and 
indirect immunofluorescence staining (Figure 6F through 
6I). To examine the effects of rosuvastatin on foam cell for-
mation, cultured macrophages, treated with oxLDL with or 
without rosuvastatin, were stained for neutral lipid droplets 
with oil red O (Figure 6J through 6M). As expected, oxLDL 
treatment of cultured bone marrow-derived macrophages 
resulted in substantial formation of intracellular lipid drop-
lets (Figure 6K). In contrast, coincubation with rosuvastatin 
significantly suppressed lipid accumulation in macrophages 
(Figure 6L and 6M). Together, these results demonstrate that 
rosuvastatin suppresses CD36 expression and oxLDL-driven 
foam cell formation.

Discussion
SR-B1−/−/apoE−/− mice do not begin to develop aortic sinus 
or coronary artery atherosclerosis until after 3 weeks of 
age.25–28 However, they rapidly develop extensive coronary 
atherosclerosis, myocardial infarction, and cardiac enlarge-
ment by 5 weeks of age when fed a normal chow diet.25–28 
Eventually SR-B1−/−/apoE−/− mice die between 6 and 9 weeks 
of age.25–29 To examine the effects of rosuvastatin treatment 
on the development of atherosclerosis in the aortic sinus and 
coronary arteries of these mice, we initiated treatment in 
mice at 3 weeks of age and euthanized mice at 5 weeks of 
age, after 2 weeks of daily treatment. By analyzing mice at 5 
weeks of age, that is, before onset of spontaneous death, we 
avoided potential confounding effects of the rapid decline in 
the health of mice.

Two-week treatment with rosuvastatin resulted in sub-
stantial reductions in the development of atherosclerosis in 
the aortic sinus and in coronary arteries of SR-B1−/−/apoE−/− 
mice (Figure 2). Despite lower numbers of circulating plate-
lets in SR-B1−/−apoE−/− mice48–50 (Figure 3L) and perhaps 
consistent with their higher basal activation state compared 
with those from apoE−/− mice (Figure 3M and 3N), a signifi-
cant proportion of atherosclerotic plaques in coronary arter-
ies of SR-B1−/−/apoE−/− mice exhibited positive staining for 
CD41 (Figure 3A through 3K), a marker of activated plate-
lets. On the other hand, CD41 staining was seen only very 

Figure 4. Rosuvastatin treatment attenuated myocardial fibrosis and cardiomegaly in SR-B1−/−/apoE−/− mice. A and B, Representative 
images of trichrome-stained transverse sections of upper portions of hearts from control saline- and rosuvastatin-treated SR-B1−/−/apoE−/− 
mice (scale bar=800 µm). Collagen stains blue and healthy myocardium stains red. C, The fibrotic area relative to the total cross-sectional 
area of the myocardium was quantified in each section for n=10 mice per group. D, Heart weights, (E) body weights, and (F) heart:body 
weight ratios, for control saline- or rosuvastatin-treated SR-B1−/−/apoE−/− mice (n=10, 10). Heart weights, body weights, and heart:body 
weight ratios of saline-treated apoE−/− mice (n=10) are shown for reference (gray bars). Data in C was analyzed by the Mann–Whitney rank 
sum test. Data in D did not pass the statistical test for normality and were analyzed by the Kruskal–Wallis 1-way ANOVA on ranks and 
Tukey post hoc test. Data in E and F passed statistical tests for normality and equal variance and were analyzed by 1-way ANOVA and 
Holm–Sidak post hoc test. *P<0.05, **P<0.01, *** P<0.0001, and NS, not statistically significantly different. apoE indicates apolipoprotein 
E; and SR-B1, scavenger receptor class B type 1.
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infrequently in atherosclerotic plaques in the aortic sinus 
(not shown). This suggests the development of platelet-rich 
thrombi in atherosclerotic plaques in the coronary arter-
ies of SR-B1−/−/apoE−/− mice and is consistent with similar 
observations in SR-B1−/−/LDLR−/− mice in which coronary 
artery atherosclerosis was induced to develop rapidly (within 
3 weeks) by feeding the mice a highly atherogenic diet.47 
Although statins, including rosuvastatin, have been reported 
to inhibit platelet activation and thrombosis, independent 
of lipid-lowering effects,10,42 we did not detect any reduc-
tion in basal activation of platelets, or alterations in circu-
lating platelet numbers from SR-B1−/−/apoE−/− mice treated 
with rosuvastatin compared with those treated with saline 
(Figure 3L through 3N). Despite this, we observed that fewer 
atherosclerotic coronary arteries stained positively for CD41 

and that in those that were positive, the extent of CD41 stain-
ing was reduced in mice treated for 2 weeks with rosuvastatin 
compared with saline-treated mice (Figure 3A through 3K). 
This may suggest that rosuvastatin treatment altered prop-
erties of the atherosclerotic coronary arteries which reduced 
the accumulation, retention, and activation of platelets. For 
example, oxidized phospholipids have been reported to acti-
vate platelets and promote thrombosis by binding to CD36 
on the platelet surface.57,58 We observed no differences in 
levels of cell surface CD36 on platelets (Figure IV in the 
online-only Data Supplement), but did detect reductions in 
oxidized phospholipids (using the E06 mAb) in atheroscle-
rotic coronary arteries from rosuvastatin- compared with 
saline-treated SR-B1−/−apoE−/− mice (Figure 5A through 5J). 
Furthermore, apoptosis of macrophages has been implicated 

Figure 5. Effects of rosuvastatin on oxidized phospholipids in atherosclerotic plaques of SR-B1−/−/apoE−/− mice. E06 mAb immunostain-
ing for oxidized phospholipids (A, C, F, H) and oil red O/hematoxylin staining (B, D, G, I) in atherosclerotic plaques in the aortic sinus (A 
through D) and coronary arteries (F through L). Representative images are shown. Green, E06 mAb immunostaining; blue, DAPI coun-
terstaining. Representative negative controls lacking the E06 mAb are shown in K (aortic sinus) and L (coronary artery). Scale bars=50 
µm. The intensity of E06 mAb immunostaining was quantified and is expressed normalized to the atherosclerotic plaque area for aortic 
sinus sections (E) and coronary arteries (J) from control saline-treated (n=13) and rosuvastatin-treated (n=14) SR-B1−/−/apoE−/− mice. M, 
Plasma oxLDL (n=7, 10, 10) and (N) SAA levels (n=8 per group) as measured by ELISA from control apoE−/− (sKO) and control saline- and 
rosuvastatin-treated SR-B1−/−/apoE−/− (dKO) mice. Data in E and J were analyzed by the Mann–Whitney rank sum test. Data in M and N 
were analyzed by the Kruskal–Wallis 1-way ANOVA on ranks with Tukey post hoc test. **P<0.01, ***P<0.001, ****P<0.0001, and NS, not 
statistically significantly different. apoE indicates apolipoprotein E; dKO, double knockout; oxLDL, oxidized low-density lipoprotein; SAA, 
serum amyloid A; sKO, single knockout; and SR-B1, scavenger receptor class B type 1.
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in the destabilization of advanced atherosclerotic plaques by 
contributing to the development of large necrotic cores.59–62 
Rosuvastatin treatment of macrophages in culture protected 
them against apoptosis (Figure VII in the online-only Data 
Supplement). Whether rosuvastatin treatment protected vas-
cular cells against cell death and consequently stabilized 
atherosclerotic plaques in vivo, however, remains to be deter-
mined. Further experiments are required to determine the key 

alterations in the artery wall triggered by rosuvastatin that 
resulted in the observed reductions in the accumulation and 
retention of activated platelets in atherosclerotic coronary 
arteries of SR-B1−/−/apoE−/− mice.

A consequence of coronary artery atherosclerosis in 
SR-B1−/−/apoE−/− mice is the development of myocar-
dial infarction, characterized by extensive cardiac fibro-
sis and cardiac enlargement. Treatment with rosuvastatin 

Figure 6. Rosuvastatin reduces cluster of differentiation (CD)36 levels and foam cell formation in macrophages. Bone marrow-derived 
macrophages were prepared from SR-B1−/−/apoE−/− mice and treated in culture with or without oxLDL (oxidized low-density lipoprotein; 
100 µg protein/mL) and rosuvastatin (10 µmol\L) as indicated. A and B, Levels of SR-A (scavenger receptor class A) and CD36 mRNA 
after 24 h of treatment as indicated. Data are expressed as fold change relative to untreated cells and are normalized to levels of GAPDH 
mRNA. Cells from 3 mice were analyzed. C through E, CD36 cell surface levels detected by flow cytometry in bone marrow-derived mac-
rophages 24 h after treatment. C, Negative control lacking anti-CD36 primary antibody. D, Representative flow cytometry histograms of 
cell count vs CD36 fluorescence for bone marrow-derived macrophages treated with oxLDL, with (blue) or without rosuvastatin (pink). E, 
Median fluorescence intensity for cell surface CD36 analyzed by flow cytometry for bone marrow-derived SR-B1−/−/apoE−/− macrophages 
treated with oxLDL or both oxLDL and rosuvastatin for 24 h as above (n=10 per group). F through H, Immunofluorescence staining of 
bone marrow-derived macrophages treated with oxLDL in the absence (G) or presence (H) of rosuvastatin as above (CD36, red; DAPI-
stained nuclei, blue). F, Negative control staining lacking the anti-CD36 primary antibody. I, Quantification of the intensity of CD36 immu-
nostaining/cell. J through L, Oil red O staining of bone marrow-derived macrophages treated with oxLDL in the absence (K) or presence 
(L) of rosuvastatin (oil red O, red; F4/80, green; nuclei, blue). J, Negative control staining lacking oil red O. Scale bars=20 µm (F through 
H and J through L). M, The level of oil red O staining per cell. Data in I and M represent 3 independent experiments and were confirmed 
with macrophages derived from bone marrow cells harvested from 2 additional mice. Data in A and B were analyzed by 2-way ANOVA 
with the Holm–Sidak post test. Data in E, I, and M passed the Shapiro–Wilk test for normality and were analyzed by Student t test. 
****P<0.0001, ***P<0.001, **P<0.01, and NS, not statistically significantly different. apoE indicates apolipoprotein E; and SR-B1, scavenger 
receptor class B type 1.
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substantially reduced the extent of cardiac fibrosis in 
SR-B1−/−/apoE−/− mice (Figure 4A through 4C) and attenu-
ated the pathological increase in heart weights of SR-B1−/−/
apoE−/− mice (Figure 4D through 4F). These protective 
effects of rosuvastatin on cardiac morphology are most 
likely secondary to its effects on coronary artery atheroscle-
rosis and possibly platelet accumulation in atherosclerotic 
coronary arteries, although we cannot rule out the possibil-
ity that rosuvastatin treatment may have also protected car-
diomyocytes directly against ischemia-induced cell death 
and prevented the fibrotic response, as has been proposed 
by others.63

To understand the mechanisms by which rosuvastatin 
treatment reduced atherosclerosis development in SR-B1−/−/
apoE−/− mice, we examined the effects of rosuvastatin treat-
ment on plasma and lipoprotein total and unesterified cho-
lesterol levels. Various studies have reported different effects 
of treatment with statins, including rosuvastatin, on plasma 
and lipoprotein cholesterol levels in apoE−/− and other mice.6–

10,12,17–23,64 For example, some reported reductions in plasma 
cholesterol levels,7,8,64 whereas others reported unaltered 
plasma cholesterol and triglyceride levels6,9,10,12,17–20,65,66 in 
apoE−/− and other mice treated with rosuvastatin. Still other 
studies reported that treatment of apoE−/− mice with other 
statins, including simvastatin, resulted in increased plasma 
cholesterol levels, in some cases accompanied by increased 
atherosclerosis.21–23 The effects of statin treatment on steady 
state lipoprotein levels in SR-B1−/−/apoE−/− mice had, thus far, 
not been reported.

As expected for statin treatment, we detected increased 
levels of both LDLR and PCSK9 transcripts in livers of 
rosuvastatin-treated SR-B1−/−/apoE−/− mice (Figure 1N and 
1O), consistent with the known effects of statin-induced 
inhibition of cholesterol biosynthesis and activation of 
the SREBP-2 (sterol regulatory element-binding protein 
2) transcription factor in the liver.43 However, although 
we observed a corresponding increase in concentration 
of PCSK9 protein in plasma (Figure 1P), we detected a 
>50% reduction in the amount of LDLR protein in liver 
membranes from the same rosuvastatin-treated SR-B1−/−/
apoE−/− mice (Figure 1L and 1M). Consistent with our 
observations, it has been reported previously that treatment 
of wild-type mice with lovastatin increased PCSK9 pro-
tein while reducing LDLR protein in livers67 and that treat-
ment of hyperlipidemic mice with rosuvastatin increased 
PCSK9 mRNA in liver and protein in plasma.68 Similar 
effects of different statins on PCSK9 expression have been 
reported in other model organisms (eg, hamsters) and in 
humans.69–71 PCSK9 that is either secreted by hepatocytes, 
or acting intracellularly, can bind to the LDLR and trig-
ger its degradation, reducing LDLR protein levels thereby 
attenuating the effects of SREBP-2-mediated upregulation 
of LDLR gene expression, and attenuating statin dependent 
cholesterol lowering.43 Rosuvastatin substantially increased 
levels of cholesterol and apoB48 (but not the much less 
abundant apoB100) in plasma and associated with VLDL-
sized lipoprotein particles of SR-B1−/−/apoE−/− mice 
(Figure 1A through 1J). This is surprising because in the 

absence of apoE, apoB48 containing lipoproteins are likely 
not cleared by LDLR, and the levels of apoB48 receptors 
(LRP-1 and apoB48 receptor72,73) were not altered by rosu-
vastatin (Figure I in the online-only Data Supplement). 
The basis for this apparently unique response of SR-B1−/−/
apoE−/− mice to rosuvastatin is currently unclear, but may 
involve the unusual lipid composition/structure of these 
lipoproteins28,29 which may influence their clearance (or 
production) in unanticipated ways. Further research will be 
required to address this.

We observed reduced atherosclerosis in the aortic sinus 
and coronary arteries, and reduced platelet accumulation in 
atherosclerotic coronary arteries, accompanied by reduced 
cardiac fibrosis and attenuated cardiac enlargement in the 
SR-B1−/−/apoE−/− mice that had been treated with rosuvas-
tatin. These beneficial effects occurred despite the substan-
tially increased levels of apoB48 and total cholesterol in 
plasma and in fractions associated with VLDL-sized lipo-
proteins. Rosuvastatin treatment did not reduce markers 
of systemic inflammation or plasma oxLDL levels, but did 
reduce levels of oxidized phospholipids detected with the 
E06 mAb in both the aortic sinus and coronary arteries in 
SR-B1−/−/apoE−/− mice (Figure 5A through 5L), consistent 
with a previous report that rosuvastatin treatment reduced 
oxLDL accumulation in atherosclerotic plaques of obese 
hyperlipidemic mice.13

CD36 seems to be a major receptor for oxLDL in mac-
rophages, mediating its uptake and subsequent foam cell 
formation.74 CD36 expression is also upregulated by oxLDL 
in macrophages.53–56 Rosuvastatin attenuated the oxLDL-
mediated upregulation of CD36 message and reduced CD36 
protein levels in oxLDL-treated bone marrow-derived mac-
rophages prepared from SR-B1−/−/apoE−/− mice (Figure 6A 
through 6E). This is consistent with reports that pitavastatin 
downregulates CD36 expression by reducing PPAR-γ gene 
expression and increasing PPAR-γ protein phosphoryla-
tion.75 It is unknown, however, if rosuvastatin acts through 
the same mechanism. CD36-mediated uptake of oxLDL by 
macrophages contributes to oxLDL-driven foam cell forma-
tion.55 Consistent with the ability of rosuvastatin to suppress 
oxLDL-stimulated CD36 gene expression and to reduce 
CD36 protein levels, rosuvastatin also suppressed oxLDL-
mediated foam cell formation in cultured bone marrow-
derived macrophages from SR-B1−/−/apoE−/− mice (Figure 6F 
through 6H). The reduction of oxLDL-driven foam cell for-
mation through downregulation of CD36, suggests a poten-
tial mechanism that may contribute to the reduced levels of 
oxidized phospholipids observed in atherosclerotic plaques 
and the reduced atherosclerosis seen in the aortic sinus and 
coronary arteries of SR-B1−/−apoE−/− mice treated with rosu-
vastatin. In turn the reduced coronary artery atherosclerosis, 
together with the attenuated platelet accumulation in athero-
sclerotic coronary arteries may contribute to the reductions 
in cardiac fibrosis and cardiac enlargement, in the face of 
increased plasma total cholesterol in rosuvastatin-treated 
SR-B1−/−/apoE−/− mice.

In conclusion, this is the first study to examine the effects 
of rosuvastatin treatment in a mouse model that exhibits 
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multiple features of human CHD, including coronary artery 
atherosclerosis and platelet accumulation, myocardial fibro-
sis and cardiomegaly. Our findings that rosuvastatin treatment 
protected against coronary artery atherosclerosis, platelet 
accumulation in atherosclerotic coronary arteries, cardiac 
fibrosis, and cardiomegaly, even in the face of elevated cho-
lesterol in plasma and VLDL-sized lipoproteins, suggests that 
rosuvastatin-mediated protection involved pathways indepen-
dent of cholesterol lowering.
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Highlights
• This is the first time that rosuvastatin has been tested in a mouse model of spontaneous coronary artery atherosclerosis involving platelet ac-

cumulation in atherosclerotic coronary artery plaques and cardiac fibrosis.
• Rosuvastatin treatment significantly attenuated the development of atherosclerosis, accumulation of platelets in occluded coronary arteries, 

cardiac fibrosis, and cardiac enlargement in SR-B1−/−/apoE−/− mice.
• These beneficial effects of rosuvastatin occurred despite increased plasma cholesterol levels and seem to involve reduced accumulation of 

oxidized phospholipids in the walls of affected arteries, and may have involved reduced macrophage foam cell formation.
• These findings shed light on pathways by which rosuvastatin protects against coronary artery atherosclerosis and subsequent myocardial 

infarction independently of cholesterol lowering.
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