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Atherosclerosis is a complex and indolent histopathological
process considered to be the most common underlying process
in cardiovascular morbidity and mortality. Previously, only
traditional risk factors (such as smoking, hypertension,
diabetes, etc.) were believed to enhance atherosclerosis devel-
opment. However, the formation of atheroma is increasingly
recognized as an inflammatory process in the arterial wall,
including the accumulation of macrophages and activated T
lymphocytes, and thus it is not surprising that autoimmune
factors have been shown to play a role in the atherosclerosis
process [1]. These include involvement of autoantigens and
autoantibodies in atherogenesis. We summarize here the data
on the association between b2-glycoprotein I, anti-b2GPI
antibodies and human and murine atherosclerosis.

b2GPI in the antiphospholipid syndrome

Human b2GPI is a 50 kDa plasma glycoprotein that avidly
binds negatively charged surfaces and substances, and acts as an
anti-coagulant in in vitro assays [2]. Schwarzenbacher et al. [3]
recently described a model of b2GPI structure containing 326
amino acid residues and 4 glycans. According to this model,
b2GPI is formed from four complement control protein
modules and a fifth C-terminal domain that constitute an
elongated J-shaped molecule. This latter domain, which carries
a distinct positive charge, is an excellent counterpart for
interactions with negatively charged amphiphilic substances
[3]. Autoantibodies directed towards b2GPI are among the
serological markers of the antiphospholipid syndrome, an entity
that combines clinical features such as thrombosis and
pregnancy morbidity with the presence of specific autoantibo-
dies [4]. Although previously considered only as a co-factor in
APS, the autoantigen in APS is probably b2GPI since it
undergoes structural alteration by binding to negatively charged

phospholipids and is thus recognized by antiphospholipid
antibodies.

The presence of anti-b2GPI antibodies in APS is associated
with reproductive morbidity as well as thrombosis. Regarding
thrombosis, there are several mechanisms of action suggesting a
direct cause and effect relationship between the presence of anti-
b2GPI antibodies and a pro-coagulant state. One example is the
b2GPI-induced reversal of protein S functional modulation by
its plasma inhibitor [5]. Since monoclonal anti-b2GPI antibody
succeeded in inhibiting this effect, adequate levels of the
anticoagulant protein S could not be maintained. Therefore, it
is not surprising that b2GPI autoantibodies are associated with
thrombosis. Patients having thrombosis associated with sys-
temic lupus erythematosus, a condition that is occasionally
associated with secondary APS, usually have anti-b2GPI
antibodies and lupus anticoagulant (89%), and anticardiolipin
antibodies (78%) [6]. However, of all SLE patients with
anticardiolipin antibodies but without b2GPI antibodies or
lupus anticoagulant activity, only 6% have thrombosis [6]. In
another study of patients with SLE (some of them with
secondary APS), the presence of IgG b2GPI antibodies was
strongly associated with a history of arterial thrombosis [7].
Apart from the whole molecule of b2GPI, specific parts of it
might also contribute to thrombosis. GDKV is a synthetic
peptide spanning Gly274±Cys288 in the fifth domain of human
b2GPI and represents the phospholipid binding site of b2GPI
[8]. Following murine immunization with this peptide, the mice
developed antiphospholipid and anti-b2GPI antibodies. Using a
model of thrombosis in mice, these antibodies induced larger
thrombi that persisted for a longer duration. The thrombogenic
properties of these antibodies were mediated through activation
of endothelial cells as the antibodies increased the surface
expression of E-selectin, ICAM-1 and VCAM-1 on endothelial
cells [8].

b2GP1 = b2-glycoprotein 1

APS = antiphospholipid syndrome

SLE = systemic lupus erythematosus

ICAM = intracellular adhesion molecule

VCAM = vascular cell adhesion molecule
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b2GPI, anti-b2GPI antibodies and

atherosclerosis

The presence of activated lymphocytes, macrophages and
endothelial cells within atherosclerotic plaques suggests that
the immune system is involved in atherogenesis and its
progression. Accordingly, several autoantigens associated with
atherosclerosis and their respective autoantibodies have been
identified and are under extensive research. Examples include
heat shock proteins, oxidized low density lipoprotein and
b2GPI [summarized in ref. 9]. In addition to its pro-coagulant
activity, as evident from its clinical association with thrombosis
and from interference with the coagulation system, there is
strong evidence to support a pro-atherogenic effect of anti-
b2GPI antibody. The presence of b2GPI has been confirmed
within human atherosclerotic lesions obtained from carotid
endarterectomies [10]. b2GPI is abundantly expressed within the
sub-endothelial regions and the intimal-medial border of human
atherosclerotic plaques, and it co-localizes with CD4+ lym-
phocytes [10].

Anti-b2GPI antibodies are considered pro-atherogenic,
whereas b2GPI probably has anti-atherogenic effects. b2GPI
could inhibit in vitro uptake of oxidized LDL by murine
macrophages; and conversely, binding of oxidized LDL to
macrophages was significantly increased by simultaneous
addition of anti-b2GPI antibodies [11]. That observation is
important since oxidized LDL uptake by macrophages leads to
foam cell formation. Furthermore, Mizutani et al. [12] demon-
strated a cross-reaction between monoclonal b2GPI-dependent
anticardiolipin antibodies and oxidized LDL [12]. Additionally,
it has been shown that in patients with SLE, anti-endothelial
antibody levels were increased and these antibodies had shared
antigenic epitopes with b2GPI, oxidized LDL and lysophos-
phatidylcholine [13].

The best evidence, however, for the pro-atherogenic role of
anti-b2GPI comes from animal models. The pro-atherogenic
effect of anti-b2GPI was evaluated in two transgenic mouse
models. The apo-E knockout mice developed spontaneous
hypercholesterolemia and atherosclerotic lesions similar in
nature to human plaques, while the LDL receptor-deficient
mice developed atherosclerotic plaques only when fed a high fat
diet. Immunization of either mouse strain with b2GPI resulted
in pronounced cellular and humoral response to b2GPI [14,15].
The immunized mice developed high titers of anti-b2GPI
antibodies, whereas the non-immunized mice or mice immu-
nized against ovalbumin did not develop these antibodies. This
increase in anti-b2GPI titer was concomitant with larger
atherosclerotic lesions in the immunized mice, and these lesions
contained abundant CD4+ cells [14,15]. In addition, lympho-
cytes obtained from b2GPI-immunized LDL receptor-deficient
mice were transferred intraperitoneally into syngeneic mice.
This resulted in the formation of larger fatty streaks in the
recipients, compared with mice that received lymphocytes from

control mice [16]. T cell depletion of lymphocytes failed to
induce this effect. Hence, b2GPI-reactive T cells could promote
atherogenesis.

Conclusions and future implications

b2GPI and anti-b2GPI are anti- and pro-atherogenic, respec-
tively. However, given that b2GPI is prevalent in human
atherosclerotic plaques, it is possible that circulating anti-b2GPI
antibodies or cells that encounter their target antigen within
pre-existing atherosclerotic lesions might contribute to the local
inflammation and to atherosclerosis aggravation.

An additional aspect is immunomodulation, which might
prevent or decrease existing atherosclerotic plaques. A novel
therapeutic modality involving b2GPI has been successfully
tested in an animal model. Using a phage display library, three
different peptides that bind specifically to monoclonal anti-
b2GPI antibodies were generated. The passive infusion of any
of these three antibodies to BALB/c mice resulted in the
induction of experimental APS [17]. However, the manifesta-
tions of experimental APS could be prevented by subsequent
infusion of the corresponding specific peptides, which neutralize
the functional activity of monoclonal anti-b2GPI in vitro.
Moreover, exposure of endothelial cells to anti-b2GPI mono-
clonal antibodies and their corresponding peptides led to the
inhibition of endothelial cell activation, as shown by decreased
expression of adhesion molecules and monocyte adhesion [17].
These peptides might thus also have an anti-atherogenic effect.

In conclusion, the involvement of b2GPI and anti-b2GPI in
atherogenesis is an example of the involvement of the immune
system in atherosclerosis. It also provides an additional target
for prevention and treatment of atherosclerosis.
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Indy-dependent lifestyle
Aging and life span are still poorly understood aspects of
basic biology, although it is widely accepted that genetic
factors play a role. To identify specific genes that influence
life span, many researchers have turned to model organisms
such as yeast, worms, and flies. Rogina et al. have found that
altered expression of a single gene in the fruit fly Drosophila
nearly doubles the life span of the flies without adverse effects
on fertility or physical activity. This gene, called Indy (``I'm
not dead yet''), encodes a protein with sequence homology to

mammalian sodium dicarboxylate co-transporters, trans-
membrane proteins that transport Krebs cycle intermediates
across the plasma membrane. Based on this sequence
homology and the gene's expression pattern in the flies, the
authors postulate that Indy affects life span by altering
absorption and utilization of metabolites, perhaps creating a
metabolic state similar to caloric restriction.

Science 2000;290:2137
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Progress in Niemann-Pick C disease
Patients with Niemann-Pick C (NPC) disease have a genetic
defect that causes excessive accumulation of cholesterol in the
liver, spleen, and other vital organs. At the cellular level, the
cholesterol becomes trapped in the endolysosomal compart-
ment rather than being transported to the plasma membrane.
In almost all patients, the disease is caused by disruption of a
transmembrane protein, NPC1, whose precise function has
remained elusive. Further insights into the relation of NPC1
to cholesterol transport are the subject of two reports. Davies
et al. show that NPC1 has sequence and functional homology
with a family of prokaryotic permeases called the resistance-
nodulation-division (RND) proteins, which transport lipo-
philic drugs and other target molecules out of the bacterial

cytosol. When expressed in Escherichia coli, NPC1 trans-
ported acriflavine and fatty acids, but not cholesterol, from
the culture medium into the cytosol. These results suggest that
NPC1 is a member of an ancient family of multi-drug efflux
pumps that in mammalian cells have assumed housekeeping
functions in cellular cholesterol homeostasis. In an indepen-
dent work, Naureckiene et al. show that a rare subset of NPC
patients with normal NPC1 function has a genetically
determined deficiency in HE1, a cholesterol-binding protein
localized in the lysosomes. These findings may lead to a better
understanding of the mechanisms regulating cholesterol
transport.

Science 2000;290:2295,2298
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