
assess risk in familial cases where the spe- 
cific mutation is not  yet known. 

Unfortunately, sensitive genetic testing 
of genetically heterogeneous disorders is not 
vet oractical for oatients who are not mem- , L 

bers of families with a defined mutation. For 
examole, mutations in a t  least five different 
genes can cause LQT, yet only three of 
these genes have been identified. h4oreover. " 

40 m ~ ~ t a t i o n s  have already been defined in 
the  three known genes. Analysis of risk in 
an  individual who is not part of an  L Q T  
family woul?,require mutational analysis of 
all LQT-ca;sing genes. Advances in the  
sensitivity and efficiency of genetic testing, 
coupled with continued molecular genetic 
discoveries, will enable more reliable and 
cost-effective analvsis of risk for cardiovas- 
cular disorders in ;he general population. 

Risk stratification is another important 
application of molecular genetics. In  FHC, 
for examole, certain mutations of the eene 

A ,  - 
encoding p cardiac myosin heavy chain 
carry substantially greater risk of sudden 
death (32).  Substitution of Glu for Gly a t  
position 256 is associated with a disease 
penetrance of only 56% and a benign prog- 
nosis, whereas s~lbstitution of a G l n  for Arg 
at oosition 403 is associated with 100% 
disease penetrance and a high risk of sudden 
death (33). Similarly, physiologic studies of 
LQT-associated mutations in HERG indi- 
cate a soectrum of HERG K+ channel dvs- 
filnction, which ranges from a partlal loss of 
function to comolete dominant negative - 
suppression. Although the  power of a single 
oiece of genetic information can be limited - 
by modification of genetic and environ- 
mental factors, this oroenostic information 

A - 
can nevertheless be quite useful in inherited 
cardiovascular disorders. This is oarticularlv 
true when one can select from a spectrum of 
therapies that are increasingly aggressive, 
such as medical therapy versus implantation 
of an  internal defibrillator for FHC or LQT.  

Thus, in less than a decade, the  tech- 
niques of molecular genetics have contrlb- 
uted dramaticallv to our understanding of 
cardiovasc~~lar drsease pathogenesis. ~ ; n y  
genes that have a maior effect o n  cardio- 
vascular risk have already been identified, 
and genetic diagnosis, prognosis, and mech- 
anism-based therapy are available in some 
cases. Continued genetic discoveries and 

u 

technological advances are likely to make 
genetic testing and genotype-based therapy 
a routine part of clinical care in the  future. 
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Mouse Models of 
Atherosclerosis 

Jan L. Breslow 

As a species the mouse is highly resistant to atherosclerosis. However, through induced 
mutations it has been possible to develop lines of mice that are susceptible to this disease. 
For example, mice that are deficient in apolipoprotein E, a ligand important in lipoprotein 
clearance, develop atherosclerotic lesions resembling those observed in humans. These 
lesions are exacerbated when the mice are fed a high-cholesterol, high-fat, Western-type 
diet. Other promising models are mice that are deficient in the low density lipoprotein 
receptor and transgenic mice that express human apolipoprotein B and transdominant 
mutant forms of apolipoprotein E. These models are now being used to study the patho- 
genesis of atherosclerotic lesions, as well as the influence of genetics, environment, 
hormones, and drugs on lesion development. 

Atherosclerotic card~ovascular disease is 
the maior cause of morbiditv and mortalitv 
in  much of the  world. ~ t h e r o ~ e n e s i s  is a 
comulex urocess in which the lumen of a 

A .  

blood vessel becomes narrowed by cellular 
and extracel l~~lar  substances to  the  point of 
obstruction. Lesions tend to form at the  
branch points of arterial blood vessels and 
progress through three stages (Fig. 1) .  T h e  

The author is In the Laboratory of Biochemical Genetics 
and Metabolism, Rockefeller Unlverslty, New York, NY 
10021 , USA. 

first stage is the  fatty streak lesion, which is 
characterized by the presence of lipid-filled 
macrophages (foam cells) in the subendo- 
thelial space. T h e  second stage is the fi- 
brous plaque, which consists of a central 
acellular area of lipid, derived from necrotic 
foam cells, covered by a fibrous cap con- 
taining smooth muscle cells and collagen. 
T h e  final stage is the complex lesion, which 
shows evidence of thrombus formation with 
deposition of fibrin and platelets. 

Researchers in vascular biology are 
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working to identify the important cells and 
molecules involved in each stage of athero- 
genesis, as well as the environmental and 
genetic factors that promote lesion forma- 
tion. These are complex questions that re- 
quire in vivo models that mimic the human 
disease. Experimental approaches that devi- 
ate widely from the human disease or rely 
too heavily on in vitro systems could be 
misleading. Until recently, atherogenesis 
had been studied mainly in primates and in 
low density lipoprotein (LDL) receptor- 
deficient rabbits. Unfortunately, these sys- 
tems cannot provide sufficiently large num- 
bers of animals, nor do they lend themselves 
to genetic analysis. 

Development of Mouse Models 

About 10 vears ago, several laboratories at- ., . 
tempted to produce atherosclerosis in mice 
in order to identify potential modifier genes. 
Mice are highly resistant to atherosclerosis. 
On a low-cholesterol, low-fat diet, they typ- 
ically have cholesterol levels of < 100 mg/dl, 
mostly contained in the antiatherogenic 
high density lipoprotein (HDL) fraction, 
and do not develop lesions. However, when 
mice were fed a very high cholesterol, high- 
fat diet that also contained cholic acid, their 
cholesterol levels rose by a factor of two to 
three, with the majority now in the non- 
HDL fraction. After many months on this 
diet, certain inbred strains of mice, such as 
C57BL/6, developed several layers of foam 
cells in the subendothelial space in a cir- 
cumscribed area near the aortic valve leaf- 
lets, whereas other inbred strains, such as 
C3H/HeJ, did not (1 ). Crosses between sus- 
ceptible and resistant strains were used to 
identify potential genetic susceptibility loci. 
The most carefully studied of these loci, 
athl. was m a ~ ~ e d  to chromosome 1 in the 

L .  

region of the gene that codes for the second 
most abundant HDL apolipoprotein, apoli- 
poprotein A-I1 (apoA-11) (2). 

Although initially promising, the mod- 
el had two problems. First, in contrast to 
human lesions, which occur at branch 
points of major vessels and progress to the 

fibrous plaque stage, the mouse lesions 
were small, occurred onlv in the region of 
the aortic' valve leafleis, and dyd not 
progress. Second, the diet required to pro- 
duce the lesions was unphysiological, as it 
contained 10 to 20 times the cholesterol 
of a Western-tv~e diet ~ l u s  the unnatural 

8 .  

dietary constituent cholic acid. This diet 
caused a chronic inflammatory state in the 
atherosclerosis-susceptible C57BL/6 strain 
but not in the atherosclerosis-resistant C3H/ 
HeJ strain (3), which raised the possibility 
that genetic differences between the strains 
might relate to diet-induced inflammation 
rather than to atherosclerosis. This is a valid 
concern. because diet-induced ~erturbation 
of the inflammatory process could obscure 
the more subtle intemlav of immune cells . , 
and cytokines involved in atherogenesis. 

In 1992, two laboratories used gene 
knockout technology to generate mice de- 
ficient in apolipoprotein E (apoE) (4). 
ApoE, which is made primarily in the 
liver, is a surface constituent of lipopro- 
tein particles and a ligand for lipoprotein 
recognition and clearance by lipoprotein 
receptors. ApoE-deficient mice have de- 
layed clearance of lipoproteins, and on a 
low-cholesterol, low-fat diet, their choles- 
terol levels reach 400 to 600 mg/dl as a 
result of accumulation of chylomicron and 
very low density lipoprotein (VLDL) rem- 
nants enriched in esterified and free cho- 
lesterol (5). Notably, these mice develop 
not only fatty streaks but also widespread 
fibrous plaque lesions at vascular sites typ- 
ically affected in human atherosclerosis 
(6,  7). Lesions form at the base of the 
aorta and the lesser curvature of the tho- 
racic aorta; at the branch points of the 
carotid. intercostal. mesentdric. renal. and 
iliac arteries; and in the proximal coro- 
narv. carotid. femoral. subclavian. and , , 
brachiocephalic arteries. Lesions begin at 
5 to 6 weeks of age with monocyte attach- 
ment to the endothelium in lesion-prone 
areas and transendothelial migration. Fat- 
ty streak lesions begin to appear at 10 
weeks, and intermediate lesions contain- 
ing foam cells and spindle-shaped smooth 

Fig. 1. Schematic drawing of the three stages of atherosclerotic lesion formation. 
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muscle cells appear at 15 weeks. Fibrous 
plaques appear after 20 weeks; these consist 
of a necrotic core covered by a fibrous cap of 
smooth muscle cells surrounded by elastic 
fibers and collagen. In older mice, fibrous 
plaques progress. In some advanced lesions 
there is partial destruction of underlying me- 
dial cells with occasional aneurysm forma- 
tion, and in others calcification occurs in the 
fibrous tissue. Extensive fibroproliferation 
can narrow the lumen, even to the point of 
occlusion of vessels. Complicated lesions 
characterized by thrombosis have not been 
found. 

One of the hallmarks of atherosclerosis 
is its exacerbation by high-cholesterol, 
high-fat diets. This effect is mimicked in 
apoE-deficient mice (6). When these mice 
were fed a Western-type diet (containing 
0.15% cholesterol and 21% fat, derived 
mainly from milk fat), their cholesterol 
levels rose to three to four times the levels 
on the low-cholesterol. low-fat diet. and 
their lesions increased in size and rate of 
progression. 

Additional mouse models of atheroscle- 
rosis have been created by introducing oth- 
er mutations that also alter lipoprotein pro- 
files. In type 111 hyperlipoproteinemia, a 
human dyslipidemia associated with athero- 
sclerosis, patients have mutant forms of 
apoE that interfere with normal clearance 
of chylomicron and VLDL remnant li- 
poproteins. Transgenic mice have been cre- 
ated that express two of these mutant forms 
of apoE that act in a transdominant man- 
ner, apoE Leiden and apoE R142C (Arg142 
+ Cys) (8). ApoE Leiden transgenic mice 
that were fed a very high cholesterol diet 
containing cholic acid had cholesterol lev- 
els of 1600 to 2000 mg/dl and developed 
fatty streak and fibrous plaque lesions. Le- 
sions were not observed when the mice 
were fed a low-cholesterol, low-fat diet. 
ApoE R142C transgenic mice that were fed 
the very high cholesterol-cholic acid diet 
had cholesterol levels of 370 mg/dl and 
develo~ed lesions that were mainlv of the 
fatty streak variety. Lesions were not ob- 
served when these mice were fed a low- 
cholesterol, low-fat diet. 

The atherogenic stimuli in apoE-defi- 
cient and apoE mutant mice are chylomi- 
cron and VLDL remnants. Additional 
mouse models have attempted to address 
other atherogenic stimuli. Cell surface LDL 
receptors recognize apolipoprotein B 
(apoB) on LDL and apoE on intermediate 
density lipoprotein (IDL) and, through a 
high-affinity process of binding and inter- 
nalization, remove these lipoproteins from 
the circulation. LDL receptor-deficient 
mice have been created to induce high 
plasma levels of these atherogenic lipopro- 
teins (9). On a low-cholesterol, low-fat diet, 
these mice have twice the normal level of 



plasma cholesterol, with nlost of the in- 
crease in the IDL and LDL lipoprotein frac- 
tions. This perturbation of the lipoprotein 

reaction, and the roles of immune cells, 
cytokines, and their receptors in lesion pro- 
nression. These studies can be carried out 

colo~ly stlmulatlng factor (MCSF). MCSF 
~nfluences monocyte and macrophage de- 
velonment, and lnlce w ~ t h  the on muta- 

by doculllenti~lg the molecules and cell 
types present in the lesions, crossbreeding 
the atherosclerotic Illice with other lllutant 
mice harboring specific defects in the same 
molecules or cells, and then noting suppres- 
sion or el lha~lce~nent  of the atherosclerosis 

tlon have reduced levels of blood mono- 
cvtes and tlssue lnacronhaees (1.5). Mac- 

system is insufficient to cause atherosclero- 
sis. Ho~vever, when LDL recentor-deficient 
mice were fed a very high cholesterol diet 
containing cholic acid, they developed cho- 
lesterol levels of > 1500 lllg/dl and had mas- 
sive fatty streak lesions. Lesions co~lsirting 
of a lipid-filled necrotic core capped with 
foam cells were also observed, but there was 
no evidence of fibrous plaques. LDL recep- 
tor knockout.mice that were fed the West- 
ern-type diet developed cholesterol levels of 
1200 mg/dl and had lesions that were main- 
lv fattv streaks (10). 

- 
rophages in the subendothel i~~m have 
been hypothesized to protect against ath- 
erosclerosis by scavenging ~loxious materi- 
als such as oxidized lipoproteins, but they 
have also been hypothesized to contribute 
to foam cell fornlation and, by their death, 
to lesion progression. Lesions in Illice that 
were d o ~ ~ b l ~  mutant (that is, apoE-defi- 
cient mice that also had the on m u t a t i o ~ ~ )  

phenotype. 
T h e  foam cell lesions of both the apoE- 

deficient and LDL receptor-deficient mice 
c o ~ l t a i ~ l  oxidized epitopes of lipoprotein 
particles, accompallied by very high plas- 
ma levels of autoa~ltibodies to oxidized 
lipoprotei~ls (10, 13). O n  the basis of in 

were one-seventh the size of lesions in 
apoE-deficient mice, with almost no pro- 
gression to the fibroproliferative stage, 
even though cholesterol levels in the dou- 

, , 
Transgenic mice expressing the human 

apoB gene (HuBTg mice) have also been 
developed as an atherosclerosis model ( I  1 ,  
12). ApoB is the sole protein component in 
LDL and, as noted above, is the ligand for 
LDL receptor-mediated removal of LDL 
from the circulation. 011 a low-cholesterol, 
low-fat diet, HuBTg Inice have cholesterol 
levels of 100 to 200 mold1 and do not 

vitro studies and lesion imm~~nohis to -  
chemistry, lipoprotein oxidation in the 
sube~ldothelium has been hypothesized to 
be necessary for foam cell formation. 

" 

bly mutant mice were two to three times 
those in the apoE-deficient mice. These 
results strongly suggest that the net effect 
of the macrophage is proatheroge~lic. This 
hvnothesis can be further tested bv cross- 

These mouse models call be used to test 
this hypothesis in vivo. Support for the 
hypothesis has come from a recent phar- 
rnacological study in which an antioxidant, 
N,N1-diphenyl-l,4-phenylenediamine, was 
shown to decrease lesion area in apoE-defi- 
cient tnice without affecting cholesterol 

, L 
breeding the apoE-deficient Inice with 
mice that have inutatio~ls in other aspects ", 

develop lesions.   oh ever, when these mice 
were fed a very high cholesterolLcholic acid 
diet, cholesterol levels rose to 300 to 500 
nlgldl and fatty streak lesions occurred. 

of rnonocyte fu~lction. 
The availability of mouse atherosclerosis 

tnodels allows the use of a variety of tech- 
niques to identify genes that enhance or 
suppress the phenotype. In early studies, 
genes that might influence lipoprotein lev- 
els were expressed in transgenic mice on the 
C57BL/6 background. The Inice were fed a 
very high cholesterol-cholic acid diet, and 
the effect of the transgene on the size of the 
lesions that formed at the aortic leaflets was 

u 

levels (14). The mouse atherosclerosis mod- 
els can also be used to ~dentlfy tnolec~lles 

~ & e  of the lesions showed cholesterol 
crystals in a necrotic core, but fibrous caps 
were not demonstrated. 

LDL receptor-deficient mice and HuBTg 
mice nrovide interesting alternatives to 

involved in lipoprotein oxidation through 
crossbreeding with other appropriate mu- 
tant mice. Similarly, experiments could be 
desig~led to test whether autoantibodies to 
oxidized lipoprotei~ls participate in lesion 

L7 

apoE-deficient Inice as lllodels of athero- 
sclerosis. Unlike anoE-deficient mice. LDL 

pathogenesis or are a response to lesion 
develonment. 

receptor-deficient mice and HuBTg mice 
do not develop lesio~ls on a low-cholesterol, 
low-fat diet. The  initial reliance on the very 
high cholesterolLcholic acid diet to nroduce 

111 another study, the role of the mac- 
rophage in lesion developillent was tested 
by crossbreeding apoE-deficient mice with 
mice that have the op mutation, a muta- 
tion in the gene that codes for ~nacrophage 

assessed. In this model, expression of the 
human apoA-I gene, ~vhich codes for the 
major protein of HDL, led to raised HDL 
levels and reduced lesion area; coexuressio~l " 

lesions is problematic (as is true for the 
C57BLl6 model), as is the uncertaintv 

of the human apo.4-I gene and the human 

about progression to the fibrous plaque le- 
sion stage. It is encouraging that LDL re- 
ceptordeficient mice develop lesio~ls on a 
Western-type diet, and perhaps with longer 
feeding periods these mice will develop the 

Table 1. Summary of current mouse models of atherosclerosis 

Model Atherogenic stimulus Cholesterol level (diet) Lesion type 

VLDL, LDL 200 to 300 (very high 
cholesterol. cholc acid) 

400 to 600 (low 
cholesterol, low fat) 

Fatty streak (aortic leaflet) 
same type of fibrous plaque lesio~ls seen in 
humans. ApoE 

deflclency 
Chyomcron and VLDL 

remnants 
Fatty streak, progressing to 

flbrous plaque, at branch 
ponts of major vessels 

Same pattern as for 
low-cholesterol, low-fat 
dlet, but with larger 
leslons and faster 
progresson 

Applications of the Mouse Models 
1500 to 2000 (Western 

type) 111 principle, the mouse models of athero- 
sclerosis (summarized in Table 1 )  can pro- 
vide insights into lesion pathogenesis, ge- 
netic modifiers, and the influence of envi- 
ronment, hormones, and drugs on the dis- 
ease. Xlthougl~ this work is largely in its 
infancy, the studies reported to date are 
promising. With regard to lesion pat11oge11- 
esis, it is now possible to study the molec- 
ular events involved in monocyte attach- 
ment to endotheliurn, monocyte transmi- 
gration to the subendothelial space, subill- 
tirnal foam cell formation, foam cell 
necrosis and the e~ lsu i~ lg  fibroproliferative 

ApoE Leden 

A D ~ E  R142C 

Chylomicron and VLDL 
remnants 

Chylomlcron and VLDL 
remnants 

IDL, LDL 

1600 to 2400 (very hlgh 
cholesterol, cholic acd) 

370 (very hlgh 
cholesterol, cholc acd) 

1500 (very high 
cholesterol, cholic acd) 

Fatty streak, flbrous plaque 

Fatty streak 

LDL receptor 
deficiency 

Fatty streak, progressing to 
necrotic core but without 
fibrous cap 

1200 (Western type) 
300 to 500 (very hgh 

cholesterol, cholic acld) 

Fatty streak 
Fatty streak, progressng to 

necrotic core but wlthout 
flbrous cap 

HuBTg LDL 

SCIENCE \'OL. 272 3 MAY 1996 687 



apo'4-I1 gene, which codes for the  second 
lllost abundant HDL protein, was less pro- 
tective (16) .  These results suggest that both 
the a tno~int  and the apolipoprotein content 
of HDL influence susceptlbllity to athero- 
sclerosis. I11 another study, outbred trans- 
genic mice expressillg mouse apo.4-II devel- 
oped lesions ~-1le11 they were fed the  very 
hip11 cholesterolLcholic acid diet, whereas 

0 

control nlice did not;  this result again sug- 
gested that overexpressioll of npo.4-I1 is 
proatherogenic (17). More recently, mice 
expressing t h e  human apoA-I transgene 
were bred 'with apoE-ileiicient mice, and 
the offspring were fed a low-chole\terol, 
low-fat diet; a t  4 111onths of age, fatty streak 
lesions were almost totally suppressed, 
nhereai a t  8 months some small fatty 
streaks had appeared but fibrous plaques 
\\-ere suppressed ( IS ) .  Thus, @oA-I expres- 
sion led to decreased lesion area and inhib- 
ited l e s~on  progression. These same mice 
she\\-ed a strollg in\-erse correlation be- 
tween HDL cholesterol levels and lehion 
qize. This effect of HDL \\.as illdepelldellt of 
the effect of non-HDL cholesterol levels 011 

lr 's~c~ll slre. 
T h e  relatloll betneen low HDL choles- 

terol levels and increased atherohclerosis 
ohserved 111 human euidemioloeical studies " 

has heen ,~ttributed largely to the associa- 
tion of low HDL cholesterol levels with 
high levels of atherogenic apoB-contaming 
lipoproteins, such as VLDL, IDL, small 
dense LDL, and postprandial particles. 
These lllouse stuil~es suggest that HDL has 
'111 additional independent protective ef- 
fect, perhaps by accelerating reverse choles- 
terol transport or directly protectillg the 
vessel \?all against noxious atherogenic 
stirnull. Eviilence for one or both of these 
proposeil mechanisms of HDL action can 

be sought in the mouse atherosclerosis 
models. 

Another  votentlal c~therosclerosis mod- 
ifler is the  cholesterol ester transfer pro- 
tein ( C E T P )  gene. This  gene codes for 'I 

plasllla protein that lnediates the  e s -  
change of triglycerides in VLDL for cho-  
lesterol esters in  HDL. HDL cholesterL>l 
levels have been inversely correlated \\.it11 
plasma C E T P  activit\- In a variety of cli11- 
lcal s tud~es .  Although m c e  (unllke hu-  
n ~ a n s )  do  not  have plasma C E T P  activity, 
transgenic mouse lines have Peen created 
with either the  human  or lnonkev C E T P  
genes, and the  effects of this gene on 
atherosclerc>sls in luouse lnodels have been 
evaluated. Expressioll of the  mL>nkey 
C E T P  gene in  C57BL16 Illice that  a e r e  
fed t h e v e r y  high cholksterol-cholic acid 
diet  led to  red~lced HDL cholesterol levels, 
raised non-HDL cholesterol levels, and 
increased lesion slze (19) .  Ho~vel-er ,  ex- 
pression of the  human  C E T P  gene in  
transgenic mice that  were made hypertri- 

glycerldemlc by expresslot1 of the  human 
aboC-111 gene resulted 111 reduced leslon 
size (20) .  These exper~ments  suggest that 
CETP can be proatherogenic or antiathero- 
genic, ~lepeniling o n  other factors that ile- 
terlnine the  lipoprotein profile. 

Allother candidate gene that has been - 
assessed for its role in atherogenesis is 
czpoja). Apo(a)  is a large g l y c o p r ~ t e ~ n  that 
fornls a disulfide bond wlth the apoB moiety 
of LDL; the resulting particle 1s called 
Lp(a).  Clinical stuilies have yielded con- 
flicting data conce rn~ng  the role of Lp(a) 
levels in coronary heart disease susceptibil- 
~ t v .  W h e n  outbred tranatrenic Inice exuress- 
Ing apojic) were fed the vely hlgh cholester- 
olLchollc a c ~ d  cllet, they ileveloned small 
fatty streaks in the region of the aortic valve 
leaflets; these lesions were not present in 
control mice (21).  Because human apo(a) 
does not bind to  mouse apoB and because 
the  apo(a) in these mice was not lipopro- 
tein-associated, these results were Interpret- 
ed to mean that apo(a) is directly athero- 
genic. More recently, ilpo(a) trallsgenic 
nlice were crossbred with HuBTg mice ( 1  2 ,  
22).  Lp(a) does forlll in these mice, and 
when thev \\.ere fed the  verv hioh choles- , L, 

terol-cholic acld diet, they clevelopecl le- 
slons that were twice the size of those In the 
HuBTg mice. These studles illil~cate that 
apo(a) and Lp(a) are marginally atherogen- 
ic. However, further studies with transgenic 
mice espressing higher levels and ilifferent 
isoforms of apo(a) are needed, as are tests of 
atherogenicity in the  context of more 11'1t- 
LILA illets. 

Induced mutant  mouse models have 
been used to test t he  atherogenlcity of 
apoE itself. Fc>r example, mice \vith only 
one inactivated allele of a roE  develooed 
atherosclerosis when they were fed the  
verv hip11 cholesterol- cholic acld dlet: 

1 0  

this f i n d ~ n g  suggests that even a t  half ~ t s  
llormal production, apoE is atherogenic in  
the  face of a severe dletary challenge (23) .  
In  other  studies, bone Inarrow transvlan- 
tation into apoE-ileficient lnlce has been 
shown to correct the  hyperllp~demia and 
pre\,ent atherosclerosis, a h ~ c h  indicates 
that reconstitution of macrophage apoE is 
sufficient to correct the  metabolic defect 
(24) .  Flnally, local p r o d ~ ~ c t i o n  of apoE by 
expression of a transgene in macrophages or 
in the blood vessel wall was found to ilimin- 
ish atheroscleros~s independellt of its cho- 
lesterol-lo\vering effect (25) .  Thus, local 
production of apoE may play a special role 
111 the prevention of atherosclerosis. 

T h e  mouse atherosclerosis luodels can  
also be used to test t he  effects of environ- 
ment ,  hormones, and drugs o n  atherogen- 
esis. In  the  apoE-deficient and LDL recep- 
tor-ileficient mice, lesion size increases as 
the  diet  is changed froln low cholesterol- 
l o ~ v  fat to high cholesterol-high fat ( 6 ,  

10).  Popular, but as yet unproved, theorles 
about the  effects of various macro- and 
nl icron~~tr ie l l t s  o n  atherogenesis can also 
be tested. W i t h  regard to hormollal effects 
o n  atherosclerosis, :T:nong the  LDL recep- 
tor i lef ic ient  mice o n  the  very high cho-  
lesterol<holic acid diet, the  lesion area 
throughout the  vascular tree is apparently 
greater in nlales than  in females; this mod- 
el may prove useful in studying the  mech- 
anisms by whlch sex horlllones affect 
atherogenesis (26) .  Finally, these mouse 
lnodels can be used to  test for drugs that 
inhibit atherogenesis. T h e  availability of 
large numbers of atherosclerosis-prone 
mice will allow relatively inexpensive and 
thorough preclinical testing of nelv candi- 
date ilr~lgs. 
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