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Deletion of LOX-1 Reduces Atherogenesis in LDLR
Knockout Mice Fed High Cholesterol Diet

Jawahar L. Mehta, Nobuhito Sanada, Chang Ping Hu, Jiawei Chen, Abhijit Dandapat,
Fumiaki Sugawara, Hiroo Satoh, Kazuhiko Inoue, Yosuke Kawase, Kou-ichi Jishage, Hiroshi Suzuki,
Motohiro Takeya, Laura Schnackenberg, Richard Beger, Paul L. Hermonat,

Maria Thomas, Tatsuya Sawamura

Abstract—Atherosclerosis is associated with oxidative stress and inflammation, and upregulation of LOX-I, an
endothelial receptor for oxidized LDL (oxLDL). Here, we describe generation of LOX-1 knockout (KO) mice in
which binding of oxLDL to aortic endothelium was reduced and endothelium-dependent vasorelaxation preserved
after treatment with oxLDL (P<0.01 versus wild-type mice). To address whether endothelial functional
preservation might lead to reduction in atherogenesis, we crossed LOX-1 KO mice with LDLR KO mice and fed
these mice 4% cholesterol/10% cocoa butter diet for 18 weeks. Atherosclerosis was found to cover 61 2% of aorta
in the LDLR KO mice, but only 36 3% of aorta in the double KO mice. Luminal obstruction and intima thickness
were significantly reduced in the double KO mice (versus LDLR KO mice). Expression of redox-sensitive NF-«B
and the inflammatory marker CD68 in LDLR KO mice was increased (P<<0.01 versus wild-type mice), but not in
the double KO mice. On the other hand, antiinflammatory cytokine IL-10 expression and superoxide dismutase
activity were low in the LDLR KO mice (P<<0.01 versus wild-type mice), but not in the double KO mice.
Endothelial nitric oxide synthase expression was also preserved in the double KO mice. The proinflammatory
signal MAPK P38 was activated in the LDLR KO mice, and LOX-1 deletion reduced this signal. In conclusion,
LOX-1 deletion sustains endothelial function leading to a reduction in atherogenesis in association with reduction
in proinflammatory and prooxidant signals. (Circ Res. 2007;100:1634-1642.)

Key Words: atherosclerosis m oxidative stress m inflammation m LOX-1

Oxidized form of LDL (oxLDL) is thought to be more
important than native LDL in atherogenesis.! oxLDL
injures endothelium and is an important antigen in atherogen-
esis.2 Production of reactive oxygen species (ROS) is in-
creased in atherosclerotic arteries well beyond the capability
of endogenous antioxidants to inactivate them.! ROS directly
injure endothelium, denature nitric oxide (NO), oxidize lip-
ids, and attract inflammatory cells to the site of injury.*>
The vascular cells in vitro and in vivo internalize oxLDL
through receptor-mediated pathways. In smooth muscle cells,
monocytes/macrophages, and fibroblasts, this receptor-
mediated pathway involves a family of scavenger receptors
(SRs), such as class A SR, class B SR type I and CD36, and
macrosialin (CD68). However, these SRs are undetectable or
expressed in small amount in vascular endothelial cells.®
Sawamura et al’ identified a lectin-like oxLDL receptor-1
(LOX-1) on bovine aortic endothelial cells. This receptor is
responsible for binding and uptake of oxLDL in endothelial

cells.3? The contributory role of LOX-1 in atherogenesis is
supported by several lines of evidence: (1) LOX-1 shows a
strong activity in binding, internalizing, and degrading ox-
LDL!9; (2) oxLDL activates LOX-1 and induces endothelial
dysfunction and apoptosis''-'2; (3) Besides oxLDL, other
mediators of atherosclerosis, such as angiotensin II,'* cyto-
kines,'* sheer stress,'> and advanced glycation end-prod-
ucts,'*'7 upregulate LOX-1; (4) LOX-1 is dynamically up-
regulated by proatherogenic conditions, such as diabetes,
hypertension and dyslipidemia'®-29; and (5) LOX-1 is present
in atheroma-derived cells and in human and animal athero-
sclerotic lesions.!:2!:22

We designed this study to test the hypothesis that deletion
of LOX-1 will ameliorate oxLDL-mediated endothelial dys-
function and inhibit atherogenesis in the LDL receptor-
deficient (LDLR KO) mice model of atherosclerosis.22 The
LOX-1 KO mice were prepared on C57BL/6 background
(also referred to as wild-type mice).
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