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Atherosclerosis in HIV Patients:
a New Face for an Old Disease?
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Abstract

As we have become more familiar with the pathogenesis of atheroma, it has become recognized
atherogenesis is mainly an inflammatory disease. Therefore, it is not surprising that a body of evi-
dence demonstrates that endothelium injury is associated with the progression and severity of HIV
infection. Another important question is: do antiretroviral drugs increase or reduce endothelial in-
jury? Various studies support the hypothesis that HAART does induce activation of endothelial func-
tion. Thus, HIV virus as well as immune reconstitution and HAART itself promote premature endo-
thelial activation. Such a prominent role played by inflammatory events could affect the structure of
the arterial lesions in HIV patients that could present different characteristics with respect to the
classical atheroma. In fact, in two HIV patients with severe stenosis of the carotid, histology revealed
extensive inflammatory infiltration of the vascular wall. The characteristics of these lesions were
similar to those of arteritis. Another study evidenced that the ultrasonographic structure of the le-
sions in HIV patients substantially differ from those found in atherosclerosis, sharing similar char-
acteristics with arteritis.

We hypothesize that the atherosclerotic lesions in HIV patients develop in two distinct phases: the
first one characterized by an inflammation of the vascular wall, and subsequently, the lesions could
evolve towards the classic feature of the atheroma. The lesions in the first phase are probably deter-
mined by immunodeficiency, immune reconstitution, and the same effect of HAART. In the second
phase they could be maintained by the classic risk factors. (AIDS Reviews 2006;8:204-9)
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Figure 1. The role of inflammation in the pathogenesis of the atherosclerosis. 1) Inflammation of the endothelium stimulates the production
of adhesion molecules (E-Selectin, ICAM-1, PECAM-1). 2) Chemotactic cytokines (MCP-1 and M-CSF) lead the migration of monocytes and
macrophages. 3) Leukocytes turn into macrophages and activate the receptor for the oxidized LDL cholesterol. 4) TNFP and TNFo. are
produced by lymphocytes. Metalloproteases are responsible for local necrosis. 5) IL-6 induces the production of tissue factor (TF) and plas-

minogen activator inhibitor-1 (PAI-1), that activate the coagulation and inhibit the fibrinolysis.

The traditional cardiovascular risk factors, such as hyper-
cholesterolemia and modified lipids and lipoproteins, elevated
blood pressure, high plasma homocysteine concentrations,
glycation end products of hyperglycemia and insulin resis-
tance nowadays are seen as factors associated with increased
inflammation®. The adhesion to and subsequent transmigra-
tion of leucocytes across the endothelium are very early in-
flammatory events, and are mediated by endothelial cellular
adhesion molecules (CAM) and other molecules present on
leukocytes and other blood cglls®™

Adhesion molecules involve
quent ‘transmigration are intercellular adhesion molecule 1

factor (vVWF), thrombomodulin, tissue plasminogen activa-
tor (TPA), plasminogen activator inhibitor-1 (PAI-1), nitric
oxide (NO) and, most importantly, C-reactive protein
(CRP). A significant association between increasing con-
centrations of soluble ICAM-1, VCAM-1, P-selectin and
E-selectin, and cardiovascular events have been de-
Scribed6,17-19,20-24.

The role of inflammation in the pathogenesis of atheroscle-
rosis is summarized in figure 1.
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Table 1. Studies evaluating the changes of the markers of endothelial activation in HIV-positive patients

Author and year of N.° of HIV Endothelial marker Results Association with
publication patients disease progression
Lafeuillade, 1992 125 VWF, TPA Increased VWF and TPA yes
Most, 1993 76 ICAM-1 Increased ICAM-1 no
Diez-Ruiz, 1993 27 ICAM-1 Increased ICAM-1 no
Puppo, 1993 66 ICAM-1 Increased ICAM-1 yes
Sipsas, 1994 60 ICAM-1 Increased ICAM-1 yes
Zangerle, 1994 47 ICAM-1 - no
Sfikakis, 1995 72 E-selectin Increased E-selectin yes
Norday, 1996 65 E-selectin, VCAM-1, Increased VCAM-1 yes VCAM-1 and ICAM-1

ICAM-1 and ICAM-1
Zietz, 1996 32 VCAM-1, E-selectin Increased VCAM-1 -

and E-selectin
Galea, 1997 132 ICAM-1,-2,-3 VCAM-1 Increased ICAM-1,-2,-3 yes ICAM-1
and VCAM-1

Seigneur, 1997 90 vWF, thrombomodulin Increased vWF, yes

E-selectin hrombomodulin E-selectin
Holme, 1998 20 P-selectin Increased P-selectin -
Hadigan, 2001 86 TPA, PAI-1 Increased TPA and PAI-1 -
de Larrafiaga, 2003 92 VWF, TPA Increased vVWF -

VWEF: von Willebrand factor; TPA: tissue plasminogen activator; ICAM: intercellular adhesion molecule; VCAM: vascular cell adhesion molecule; PAI: plasminogen activator

inhibitor

disease progression®. Increased soluble ICAM-1 concentra-
tions in HIV-positive patients were also demonstrated®' On
the other hand, higher concentrations of soluble ICAM-1
were seen in AIDS patients with acute opportunistic infec-
tions when compared with HIV-positive patients without in-
fections, both values being higher than that of HIV-negative
patients®. A correlation between ICAM-1 concentrations and
the progression of disease as well as the reduction of CD4+
cell count was also reported. Increased leukocyte adher-
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The role of HAART

The introduction of HAART raised an important question:
do antiretroviral drugs increase or reduce endothelial injury
due to the activation of adhesion molecules?

Antiretrovirals, by reducing viral load and thus inflamma-
tion, might be expected to downregulate endothelial inflam-
matory components. However, since these drugs also in-
duce proinflammatory alterations of lipid profile, they might
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Figure 2. A: Patient 1. Histology of the carotid plaque revealed: Intimal lesion with fragmentation of the internal elastic lamina, atrophy and
fragmentation of the elastic fibers of the media with fibrosis and scars; fibrosis of the adventitia. Wide phlogistic infiltration, with lymphomono-
cytes and plasma cells along all the thickness of the wall and around the vasa vasorum (Reference 42). B: Patient 2. Arterial fragment
consisting of intima and part of the media with marked fibrotic component and phlogistic infiltration, with lymphomonocytes and plasma cells

involving both the intima and the media (Reference 42).

suggesting that the reported reversion of endothelial activation
by HAART is mediated by control of viral replication rather
than by specific mechanisms associated with drug class®.
Other studies support the hypothesis that HAART does induce
activation of endothelial function: de Gaetano Donati, et al.¥
measured ICAM-1 and P-selectin concentrations (as well as TPA
and PAI-1) in a group of patients undergoing either Pl or NNRTI
therapy and compared them with naive HIV-positive patients.
P-selectin, TPA, and PAI-1 levels were all significantly higher in
both HAART subgroups, while ICAM-1 concentrations did not
differ significantly from those measured in the naive group.
Increased levels of soluble adhesion molecules could be
the consequence of autoreactive cell destruction by an im-
proved autoimmune system aNor of the e vtlca(;{{ f;a thera-
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In a recent publication®, Jiang, et al. treated male Sprague-
Dawley rats with clinically relevant doses of zidovudine, indi-
navir, or zidovudine plus indinavir. They found that zidovudine
and zidovudine plus indinavir treatments dramatically reduced
endothelium-dependent vessel relaxation. However, zidovu-
dine treatment did not significantly alter plasma levels of
cholesterol or triglyceride. In addition, plasma endothelin-1
levels were elevated in rats treated with zidovudine plus indi-
navir. Indinavir treatment alone increased plasma cholesterol
levels, but had no effect on endothelial function.

In summary, it is plausible that HIV virus, as well as immune
reconstitution induced by HAART itself, promotes premature
endothelial lesions mediated by a massive activation of inflam-

olecules and cells. Metabolic disturbances attributed
szrd@ I smuayls taken into account, but as an
indirect means to promote atherosclerosis and, possibly, in a
sé)p yasdular disease. An exhaustive review of
these arguments is prowded by de Gaetano Donati, et al.*'.
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sition of the arterial lesions in HIV-positive patients, and that
these could present different characteristics with respect
to those found in classical atheromatous lesions.

In fact, two cases of HIV-1-positive patients with asymptom-
atic, hemodynamically significant stenosis of the internal ca-
rotid arteries have been recently described®. In both patients,
the first 1.5 cm of the internal carotid arteries was resected
with re-implantation of the remaining artery on the external
carotid artery. Histology revealed extensive inflammatory in-
filtration of the vascular wall, fragmentation of the internal
elastic lamina and the elastic fibers of the media, and fibrosis
of the adventitia (Figs. 2a, 2b). The characteristics of these
lesions, which were more similar to those of arteritis rather
than classical atherosclerosis, could shed new light on the
pathogenesis of vascular risk in HIV-1-positive patients. This
unexpected pattern of carotid damage prompted the authors
to perform a more accurate investigation of the characteristics
of carotid plaques in a group of HIV-positive patients®. The
results were compared with those obtained from young pa-
tients affected by atherosclerosis of the epi-aortic vessels and
patients with arteritis. The patients underwent ultrasonography
of the epi-aortic vessels using a latest generation power
color-Doppler with 7.5 MHz probes. The study population
included 61 HIV-positive patients and 47 HIV-negative pa-
tients (37 atherosclerotic patients and 10 with arteritis). Com-
pared with HIV-negative, atherosclerotic hypoechogenic le-
sions (81.8 vs. 29%) were homogeneous both in their parietal
and endoluminal portions (96.7 vs. 21.6% and 88.5 vs. 54.0%,
respectively), with a smooth or slightly irregular surface (99.0 vs.
56.7%) (p = 0.001 for all differences). No statistically signifi-
cant differences were seen between HIV-positive and arteritis
patients. The study evidenced that the ultrasonographic struc-
ture of the epi-aortic lesions in HIV-positive patients substan-
tially differ from those of the plaques in atherosclerotic pa-
tients, while they share similar characteristics with patients
affected by arteritis.

The hypothesis of a two-step lesion

In synthesis, in the light of th sme evidences, ffﬁthesize
that the atherosclerotic lesion @@&f e@ |c5>u[au

develop in two distinct phases: the first one being character-
ized by a florid inflammation of the|i
second phase, the lesions could evolve towards the more
classic feature of the atherqm 9 («jfestﬁ@ p
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flammation could subsequently determine a more evolutive,
severe, and extensive atheromatous lesion. The lesions in this
second phase could be maintained by the classic risk factors,
like hypercholesterolemia, hypertriglyceridemia and insulin
resistance, due to the same effect of PI.

Conclusions

Such a feature of arterial lesions in HIV-positive patients opens
several perspectives for their prevention: in fact, if in the first
phase avoiding opportunistic events involving the endothelium
or an abrupt immune reconstitution could prevent the inflamma-
tory lesions, in the second phase the attention could be moved
toward the classic risk factors for the atherosclerosis such as
metabolic disturbances, hypertension, or cigarette smoking.
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