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Background

Intracranial atherosclerosis (ICAS) is one of the most common causes of ischemic stroke,
but there are few animal models that can recapitulate its pathological features. In this
study, we examined ICAS pathological features and anatomic distributions using three
types of hyperlipidemic rabbit models. We also investigated the effect of different
lipoprotein profiles and hypertension on ICAS.

Materials and Methods

We examined Watanabe heritable hyperlipidemic (WHHL) rabbits, apoE knockout (KO)
rabbits and wild-type rabbits (WT) fed a cholesterol diet, in addition to WT rabbits fed a
standard diet as a control. The whole brain was dissected and embedded in paraffin.
Serial sections were stained with either hematoxylin/eosin or elastica van Gieson, or
immunohistochemically stained with monoclonal antibodies against macrophages and
smooth muscle cells. We investigated (1) the presence of cerebral atherosclerosis; (2) the
lesion locations in the cerebral arteries; (3) the degree of lumen stenosis; (4) pathological
features and cellular components of the lesions in these rabbits; and (5) whether
hypertension affects ICAS.

Results

ICAS was detected in apoE and WHHL rabbits, but not in WT rabbits. Compared with
apoE KO rabbits, WHHL rabbits had greater ICAS. The lesions of cerebral atherosclerosis
were mainly distributed at the bifurcations of the posterior cerebral artery, basilar artery
and vertebral artery, and they were basically characterized by smooth muscle cells and
extracellular matrix with few macrophages. The extent of the ICAS in WHHL rabbits was
significantly increased by hypertension.



Discussion

In the current study, we performed a systemic examination of cerebral atherosclerosis
using three hypercholesterolemic rabbits with different lipoprotein profiles. Similar to the
previous study, cholesterol-diet feeding alone failed to induce cerebral atherosclerosis in
WT rabbits, suggesting that cerebral arteries are generally resistant to
hypercholesterolemia compared with aortas and coronary arteries. Next, we examined
apoE KO rabbits, which have higher TC and TG levels than WT rabbits, and more
atherosclerosis in the aorta and coronary arteries. However, only a few apoE KO rabbits
exhibited tiny lesions in the cerebral arteries. This result suggests that high levels of
cholesteryl ester-rich remnant lipoproteins were not highly atherogenic to cerebral arteries
compared with extracranial arteries regardless of the absence of apoE in these particles,
although apoE deficiency significantly increases the development of both aortic and
coronary atherosclerosis in these rabbits.

Differing from cholesterol-fed WT and apoE KO rabbits, WHHL rabbits had high levels of
plasma LDLs, similar to human familiar hypercholesterolemia. In the current study, WHHL
rabbits aged 12 to 31 months exhibited a higher incidence of cerebral atherosclerosis
(87%) and severe stenosis than apoE KO rabbits, suggesting that LDLs are more
atherogenic than B-VLDLs in terms of cerebral atherosclerosis.

Hypertension is one of the essential factors in the development and progression of
intracranial atherosclerosis. As the risk of cerebral atherosclerosis is significantly
increased by hypertension in the setting of hypercholesterolemia, we examined the
effects of renovascular hypertension on the development of cerebral atherosclerosis in
WHHL rabbits

A marked increase in the incidence and degree of stenosis due to significantly increased
macrophages in the lesions, were observed in hypertensive WHHL rabbits, strengthening
the notion that hypertension accelerates the development of cerebral atherosclerosis.
Hypertension not only increases the incidence, but also the lesion size with more
macrophages in the cerebral arteries. This also suggests that this hypertensive WHHL
rabbit model is a useful tool to examine cerebral atherosclerosis.

Conclusions

ICAS was detected in WHHL and apoE KO rabbits, and occurred in specific
locations in the cerebral arteries. Hypertension promotes the development of
ICAS in the setting of hypercholesterolemia.
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