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Cardiovascular complications and
increased levels of circulating modified
low density lipoprotein in HIV patients
and patients with lipodystrophy
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Abstract

The introduction of highly active antiretroviral therapy (HAART) for
patients infected with HIV has significantly prolonged the life expect-
ancy and to some extent has restored a functional immune response.
However, the premature introduction of HAART has led to a signifi-
cant and alarming increase in cardiovascular complications, including
myocardial infarction and the appearance of abnormal distribution of
body fat seen as lipodystrophy. One key element in the development of
ischemic coronary artery disease is the presence of circulating and
tissue-fixed modified low density lipoprotein (mLDL) that contributes
to the initiation and progression of arterial lesions and to the formation
of foam cells. Even though not completely elucidated, the most likely
mechanism involves mLDL in the inflammatory response and the
induction of a specific immune response against mLDL. Circulating
antibodies against mLDL can serve as an indirect marker of the
presence of circulating and vessel-fixed mLDL. In the present study,
we measured antibodies to mLDL and correlated them with immune
status (i.e., number of CD4+ T cells) in 59 HIV patients and with the
clinical manifestation of lipodystrophy in 10 patients. We observed a
significant reduction in anti-mLDL antibody levels related both to
lipodystrophy and to an immunocompromised state in HIV patients.
We speculate that these antibodies may explain in part the rapid
development of ischemic coronary artery disease in some patients.
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HIV infection causes a gradual decay of
immune function and the subsequent oppor-
tunistic infections are the major cause of
death in these patients. However, the early
introduction of potent inhibitors of viral rep-

lication commonly used for therapy in vari-
ous combinations known as highly active
antiretroviral therapy (HAART), already at
phase II of clinical trials, has significantly
prolonged the life expectancy of patients
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with HIV infection. Conversely, during re-
cent years, a significant and alarming in-
crease in cardiovascular complications, in-
cluding myocardial infarctions, have been
noted in these patients. In addition, the ap-
pearance of abnormal distribution of body
fat seen as lipodystrophy can be considered
to be a recent and increasing event in pa-
tients undergoing HAART. These side ef-
fects may directly or indirectly be related to
infection or to the metabolic alterations im-
posed by the drugs (for additional refer-
ences, see Ref. 1). Lipid alterations such as
an increase in triglycerides and a decrease in
high density lipoprotein and low density lipo-
protein (LDL)-cholesterol have been reported
in these patients (1,2).

In many pathological processes several
LDL modifications may occur, including
methylation, acetylation and, most com-
monly, those generated by oxidative stress.
The oxidatively induced modifications in
conjunction with subsequent secondary
modifications (e.g., enzymatic) result in a
completely degraded LDL particle (reviewed
in Refs. 3,4). These fragments have been
shown to be biologically active and their
effects range from induction of apoptosis
and production of cytokine vasoactive prop-
erties to stimulation and induction of an
immune response (5-9). The presence of
modified LDL (mLDL) is associated with
several disease conditions (e.g. atheroscle-
rosis, rheumatoid arthritis) as well as condi-
tions that may favor the development of
ischemic coronary artery disease (CAD) (6-
8,10). Some investigators, including our
group, have recently suggested that there are
at least two functional classes of antibodies
against mLDL: those that can directly or
indirectly induce and propagate the disease
and those that can be protective by virtue of
removal or neutralization of potentially haz-
ardous mLDL (11-14, and Fernvik E and
Gidlund M, unpublished results). In addi-
tion, the presence of low levels of antibodies
is related to the presence of increased levels

of mLDL both circulating and fixed to the
arterial wall (11,12,15,16).

The clinical profiles of HIV patients have
dramatically changed during recent years,
now including not only opportunistic infec-
tions but also type II diabetes, CAD, and
lipodystrophy (1,2). Since the presence of
mLDL and antibodies against mLDL is con-
sidered to be a risk factor for cardiovascular
complications, in the present report we in-
vestigated the presence of plasma antibodies
against mLDL in 59 HIV patients.

Written informed consent was obtained
from the patients and the project was ap-
proved by the Hospital Ethics Committee.
HIV infects and kills CD4+ T cell that are the
key cell in the development of a humoral
immune response. We therefore tested plasma
samples from 59 HIV patients divided ac-
cording to their CD4+ T cell counts in pe-
ripheral blood, determined by routine flow
cytometry carried out at Hospital das Clínicas:
patients with normal CD4+ T cell counts
>450 cells/mm3 (N = 80 samples from 22
patients) and patients with CD4+ T cell counts
<450 cells/mm3 (N = 110 samples from 37
patients).

The presence of anti-mLDL IgG anti-
bodies was determined by our standardized
ELISA using oxidized LDL and patient
plasma samples (11,17). Briefly, LDL ob-
tained by sequential ultracentrifugation was
submitted to copper-oxidation (20 µM
CuSO4, 18 h, thiobarbituric acid reactive
substances >0.50 at 235 nm), and 7.5 µg/ml
of this preparation in carbonate-bicarbonate
buffer, pH 9.0, was used to coat microtiter
ELISA plates (Costar, Acton, MA, USA),
and subsequently washed and blocked with
1% gelatin in 10 mM phosphate-buffered
saline (PBS), pH 7.2. Patient plasma samples
were applied at a dilution of 1:400 in PBS
(v/v) and allowed to react for 2 h. Plates were
washed 3 times with PBS-0.2% Tween-20
(Fluka, New-Ulm, Germany) and again with
PBS using an automated microtiter plate
washer (Tecan, Crailsheim, Germany). A
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horseradish peroxidase-labeled immunopu-
rified goat-anti human IgG (Dakopatts, Co-
penhagen , Denmark) at a dilution of 1:3,000
in PBS (v/v) was used to detect bound IgG
antibodies. The reaction was developed us-
ing 0.1 mg/ml tetramethylbenzidine (Sigma,
St. Louis, MO, USA) and 0.03% H2O2 in 0.1
M citrate buffer, pH 5.5. The reaction was
stopped by the addition of 2 N H2SO4 (Merck,
Darmstadt, Germany) and read using a mi-
croplate reader (Titre Tek, Franklin, MA
USA) at 450 nm. All tests were executed
simultaneously in triplicate. Statistical anal-
ysis was carried out using ANOVA.

Analysis of the samples from HIV pa-
tients that could be considered to be immu-
nocompromised showed that the lack or re-
duced numbers of CD4+ T cells (<450 cells/
mm3) had an impact on the production of
antibodies resulting in lower anti-mLDL lev-
els (Figure 1). Most interestingly, this inca-
pacity to present an efficient immune re-
sponse seems to last for a prolonged period
of time (Ronchini KROM and Gidlund M,
unpublished results). In experimental ani-
mal models using human cholesteryl ester
transport protein transgenic mice or in mod-
els of experimentally induced atherosclero-
sis, we have recently shown that certain
metabolic settings alter the profile of the
anti-mLDL response and the presence of
circulating mLDL (13). In addition, these
findings were associated with the develop-
ment of the extension of atherosclerotic le-
sions (13,17). Lipodystrophy is a poorly de-
fined clinical condition but involves both the
anabolic and catabolic pathways of lipid
synthesis (18,19).

Our data show that lipodystrophy was
correlated with a severe reduction in circu-
lating anti-mLDL antibody levels (Figure 2)
and most probably with an increase in mLDL
level. However, the reduction in antibody
levels in the lipodystrophy patients was not
clearly related to low CD4+ T cell counts
(P = 0.5), but this fact may have been due to
the limited number of patients analyzed

(10 patients and 35 samples). In the light of
the recent discussion about the appearance
of secondary cardiovascular complications
in HIV, especially after the introduction of
HAART (1,2), we consider the present data
important.

On the basis of the concept that a func-
tional immune system is important for pre-
venting CAD by producing protective anti-
bodies, our previous and present data indi-
cate that the immune response against mLDL
is an ongoing process and the lack of poten-
tially protective antibodies may predispose
to CAD. The prolonged immunodeficiency
state seen in HIV may prevent this vital
response. There is already evidence that car-
diovascular complications occur in the pres-
ence of HAART (1). The study of a cohort of
96 HIV patients demonstrated (2) that there
is a link between HAART and risk factors
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Figure 1. Reduced levels of cir-
culating IgG antibodies against
modified low density lipoprotein
(mLDL) in patients with low
CD4+ T cell counts. Fifty-nine
HIV+ patients with normal CD4+

cell counts (>450 cells/mm3, N
= 80 samples from 22 patients)
or with reduced counts (<450
cells/mm3, N = 110 samples
from 37 patients) were tested
for the presence of plasma IgG
antibodies against copper-oxized
LDL (20 µM CuSO4, 18 h, thio-

barbituric acid reactive substances >0.50 at 235 nm) by ELISA (11-17). All assays were
carried out simultaneously in triplicate. Statistical analysis was carried out using ANOVA.

Figure 2. Low levels of circulat-
ing IgG antibodies against modi-
fied low density lipoprotein
(mLDL) in patients with low
CD4+ T cell counts, in the pres-
ence or absence of lipodystro-
phy. Plasma samples from 22
HIV+ patients, 10 patients (num-
ber of samples tested = 35) with
confirmed lipodystrophy and 12
without lipodystrophy (number
of samples tested = 42) were
assayed for the presence of IgG

antibodies against copper-oxidized LDL (20 µM CuSO4, 18 h, thiobarbituric acid reactive
substances >0.50 at 235 nm) by ELISA. All assays were carried out simultaneously in
triplicate. Statistical analysis was carried out using ANOVA.
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for CAD based on classical parameters, e.g.,
coronary artery calcification and the pres-
ence of atherogenic lipids and of C reactive
protein. Even though we have not directly
addressed this question our data indicate one
more parameter that is strongly associated
with CAD, i.e., the level of anti-mLDL anti-
bodies. This may be important for further
studies on the impact of the use of anti-HIV
drugs which affect lipid metabolism in such
a profound manner, also including immune
parameters that may have secondary conse-
quences. Taken together, these data empha-
size the fact that more precise tools should

be used to identify the various events leading
to CAD. On this basis, further information
about the participation of mLDL and anti-
bodies against mLDL in HIV-associated
CAD and lipodystrophy may not only pro-
vide a diagnostic tool but also new treatment
strategies in the future.
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