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Abstract
Chemokines and their receptors play regulatory roles in inflammatory
reactions. Lipoprotein(a) is an atherogenic lipoprotein, however the
mechanisms of its actions are not defined. Our interest in chemokines
and their receptors was stimulated by the finding that incubation of
Lp(a) with human umbilical vein endothelial cells produced a condi-
tioned medium that was chemotactic for human monocytes. Since
infiltration of monocytes into the vessel wall is an early lesion in
atherosclerosis, this finding provided a novel mechanism to explain the
relationship between Lp(a) and atherosclerosis. The chemoattractant
produced by HUVEC was identified as CCL1/I-309, a CC chemokine
previously reported to be secreted by stimulated monocytes/macro-
phages and T lymphocytes. CCR8, the CCL1 receptor, was identified
on endothelial cells, and CCL1 was found to be a chemoattractant for
these cells. Most recently we demonstrated functional CCR8 on human
vascular smooth muscle cells and found that the Lp(a)-HUVEC
conditioned medium is a chemoattractant for these cells. CCL1
increased metalloproteinase-2 production by HUVEC, an activity that
enables these cells to remodel the vascular matrix. These studies
suggest that CCR8 may play an important role in arterial wall
pathology.
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Amiram Eldor was a close friend. I shall miss him greatly.

Lp(a) stimulates HUVEC to secrete a monocyte

chemoattractant activity

Our studies have focused on lipoprotein(a) [Lp(a)] and the

mechanisms by which this particle mediates atherosclerosis.

Elevated blood levels of Lp(a) are an independent risk factor for

atherosclerosis. Structurally, Lp(a) consists of a low density

lipoprotein particle that is disulfied-linked to apolipoprotein(a), a

glycoprotein of variable size that shares a partial homology with

plasminogen [1]. We have demonstrated that the apo(a) portion of

Lp(a) binds to plasmin-degraded fibrin or fibrinogen [2] and that

homocysteine dramatically enhances this binding [3]. The attrac-

tion of monocytes to the injured arterial wall is an early event in

atherogenesis, but the full spectrum of monocyte chemoattractants

has not been established [4]. Oxidized low density lipoprotein was

shown to stimulate both vascular smooth muscle cells and human

umbilical vein endothelial cells to secrete monocyte chemoattrac-

tant protein-1, a CC chemokine chemotactic for monocytes [5]. We

have examined whether unoxidized, native Lp(a) would induce

HUVEC to produce a monocyte chemoattractant activity [6].

Unoxidized Lp(a) or apo(a), the lipid-free portion of Lp(a), when

incubated with HUVEC or with human coronary artery endothelial

cells in tissue culture was found to produce monocyte chemo-

attractant activity. Granulocyte-monocyte colony stimulating factor

antigen was not detected in the Lp(a)-conditioned medium, nor

was MCP-1 mRNA induced in HUVEC by Lp(a). Since apo(a)

induced chemoattractant activity, we have ruled out the possibility

that the LDL portion of Lp(a) was responsible. Endotoxin was also

shown not to be involved. Actinomycin D and cycloheximide

inhibited the HUVEC response to Lp(a), indicating that protein and

RNA synthesis were required.

CCL1/I-309 is the chemoattractant induced

The identity of the agonist responsible for the monocyte

chemoattractant activity induced by the conditioned medium from

incubations of Lp(a) or apo(a) with HUVEC was found to be I-309/

CCL1, a CC chemokine [7]. CC chemokines are a family of closely

related proteins characterized by two adjacent cysteine residues

that function as leukocyte activators and chemoattractants in

inflammatory reactions [8]. CCL1 is secreted by activated mono-

cytes and lymphocytes [9] and is a potent chemoattractant for both

of these cell types [10]. Our finding that Lp(a) induced HUVEC to

secrete a monocyte chemoattractant, CCL1, suggests that Lp(a)

may stimulate the recruitment of monocytes to the vessel wall. This

hypothesis is supported by histochemical analysis of human

atherosclerotic plaques that showed that CCL1 was widely

expressed. CCL1 antigen was associated with luminal endothelium,

with monocytes/macrophages, and was identified in the extracel-

lular matrix where CCL1 co-localized with apo(a) [7].

CCR8 mediates chemotaxis of endothelial cells

CC chemokines bind to G-protein-coupled receptors that comprise

a family of seven transmembrane-spanning domains. These

receptors were first described on leukocytes, where they function

to induce chemotaxis, proliferation and cell activation [8]. CC

chemokine receptor-8 has been characterized and is expressed on

monocytes and T lymphocytes [11]. CCR8 is a G-protein-coupled 7-

transmembrane receptor that is the unique receptor for the human

CC chemokine CCL1 and for viral monocyte inflammatory protein-1,

vCCL1, a human chemokine homologue induced by human
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herpesvirus-8, which has been directly linked to Kaposi sarcoma

[12]. We have found CCR8 mRNA in HUVEC [13]. CCR8 was found to

be a functional endothelial receptor as it mediated endothelial

chemotaxis in response to CCL1 and vCCL1, and this response was

inhibited by antibody directed against CCR8 as well as by the Gi-

protein inhibitor pertussis toxin. The conditioned medium from

apo(a)-stimulated HUVEC induced endothelial chemotaxis that was

inhibited by anti-CCR8 antibody. That endothelial cells contained

CCR8 mRNA was shown by RNA blot analysis and by direct

sequence analysis. Immunohistochemical studies identified CCR8

on the endothelium of human atherosclerotic plaques and in

endothelial-derived spindle cells of Kaposi sarcoma. CCR8 was also

identified on HUVEC by Bernardini et al. [14] and was shown to

induce angiogenesis when stimulated by CCL1. These studies

document that CCR8 is an endothelial receptor that may modulate

endothelial function.

CCR8 mediates vascular smooth muscle cell

chemotaxis

Our most recent observations indicate that CCR8 is also expressed

on human vascular smooth muscle cells (VSMCs) [submitted].

Atherosclerosis involves the migration of VSMCs, accumulation of

these cells in the neointima, and extracellular matrix remodeling

[4]. We found that CCL1 and vCCL1, unique ligands for CCR8,

stimulate chemotaxis of cultured human VSMC. A monoclonal

antibody produced against the N-terminal 26 peptides of human

CCR8, and shown previously to inhibit the chemotaxis of human

monocytes and HUVEC when stimulated by CCL1 [13], also

inhibited CCL1-induced chemotaxis of VSMC (submitted). Pertussis

toxin, a specific Gi-protein inhibitor, prevented VSMC chemotaxis

induced by CCL1, providing further evidence that a CC chemokine

receptor was responsible. We have identified CCR8 mRNA in VSMC.

The conditioned medium from HUVEC incubated with Lp(a) was

found to induce chemotaxis of VSMC that was inhibited by

antibodies against CCR8 and CCL1, indicating that CCR8 was the

receptor involved. The induction of VSMC chemotaxis by CCL1-

containing conditioned medium from Lp(a)-stimulated endothelial

cells suggests a novel pathway whereby Lp(a) may induce VSMC

activation and migration.

Secretion of matrix-degrading metalloproteinases by VSMC

accompanies the formation of the neointima following vascular

injury [15]. The matrix metalloproteinases are zinc-dependent

endopeptidases that degrade extracellular matrix proteins. They

are secreted primarily as latent pro-enzymes. MMPs include the

interstitial collagenases, the stromelysins, the gelatinases, and the

membrane-type [16]. Administration of a gelatinase inhibitor to rats

following vascular injury caused a 97% reduction in the number of

VSMC migrating into the intima, thereby implicating gelatinases in

VSMC activation [17]. Gelatinases were identified in human

atherosclerotic plaques [18] and are up-regulated following arterial

wall injury in animals models [17]. Migration of VSMC has been

shown to depend principally on MMP-2 [19].

Our new data also document that CCL1 induces human VSMC to

secrete pro-MMP-2 (gelatinase A) but does not stimulate MMP-9

(gelatinase B) production (submitted). Production of MMP-2 by

VSMC, as quantified by gelatinolytic zymography, was increased

approximately twofold as compared to the constitutive MMP-2

activity. We found that anti-MMP-2 antibody inhibited chemotaxis

across a fibronectin-coated membrane, whereas anti-MMP-9 anti-

body had only a minor inhibitory effect.

Percutaneous transluminal balloon angioplasty induces neointi-

mal formation due to VSMC migration and proliferation. We

identified CCR8 and CCL1 antigens in restenotic plaque ather-

ectomy specimens. These antigens co-localize with VSMC, as

identified by a-actin staining in serial sections. These findings

strongly suggest that CCR8 and CCL1 participate in the response of

VSMC to arterial injury.

CCR8 expression by cells that participate in vessel wall response

to injury now include endothelial and vascular smooth muscle cells,

monocytes/macrophages, and T lymphocytes. These cells can also

be stimulated to produce the CCR8 ligand, CCL1. As we have

demonstrated, Lp(a) induces endothelial cells to secrete CCL1,

which can modulate both endothelial and VSMC function by

interaction with CCR8. These studies suggest that CCR8 and its

ligand, CCL1, may play an important role in arterial vessel wall

pathology.
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Anti-rheumatic treatment and serum lipid levels

Recent studies have shown an association between C-reactive

protein levels, lipid levels, and coronary heart disease in patients

without apparent inflammatory conditions. Park et al. recently

observed that newly diagnosed rheumatoid arthritis (RA) patients

also had unfavorable lipid profiles. They compared lipid profiles

before commencement of RA treatment with profiles 1 year later.

Patients who had either received treatment for RA or had

conditions that could influence their lipid profiles were excluded.

Patients were given standard treatments including prednisolone,

up to 10 mg/day. After 1 year, 27 of the 42 patients (64%) showed

an improvement in RA according to the 20% improvement criteria

of the American College of Rheumatology. In addition, high

density lipoprotein (HDL) levels increased by 21% and apolipo-

protein A-I by 23%, and the ratio of low density lipoprotein to

HDL decreased by 13% without the use of lipid-lowering drugs.

The remaining patients who did not respond to treatment did not

show significant changes in their lipid profiles.

Am J Med 2002;113:188

Capsu le

Vaccinating Alzheimer patients generates antibodies specific

for beta-amyloid

To characterize antibodies produced in humans in response to

A42 vaccination, Hock et al. carried out immunohistochemical

examinations of the brains of both transgenic mice and human

patients with beta-amyloid pathology. The researchers collected

sera from patients with Alzheimer disease who received a primary

injection of pre-aggregated A42 followed by one booster injection

in a placebo-controlled study. Antibodies in immune sera

recognized beta-amyloid plaques, diffuse A deposits and vascular

beta-amyloid in brain blood vessels. The antibodies did not

cross-react with native full-length beta-amyloid precursor protein

or its physiologic derivatives, including soluble A42. These

findings indicate that vaccination of Alzheimer patients with

A42 induces antibodies that have a high degree of selectivity for

the pathogenic target structures. Whether vaccination to produce

antibodies against beta-amyloid will halt the cognitive decline in

Alzheimer disease will depend upon clinical assessments over

time.

Nature Med 2002;8:1270

What orators lack in depth they make up in length

Anonymous
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