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Abstract

The receptor activator of the NF-jB ligand (RANKL)-osteoprotegerin (OPG) axis has been shown to play a role
in the inflammatory process of atherogenesis and may be regulated by changes in levels of cholesterol. However,
the interplay between HIV-1 infection, lipids, the RANKL-OPG axis, and atherosclerosis is poorly defined.
Serum RANKL, OPG, and RANKL/OPG ratio were retrospectively assessed for 91 subjects from a 3-year study
of carotid artery intima-media thickness (CIMT), which enrolled triads of risk factor-matched persons that were
HIV-1 uninfected (n = 36) or HIV-1 + with (n = 29) or without (n = 26) continuous protease inhibitor (PI)-based
therapy for ‡ 2 years. Associations of serum RANKL, OPG, and RANKL/OPG ratio to the primary outcomes of
levels of circulating lipids and atherosclerosis progression were determined using multivariate regression
models. Serum RANKL and RANKL/OPG ratio were significantly lower in HIV-infected versus HIV-uninfected
subjects ( p < 0.01). Multivariate models for HIV-1 + subjects, but not in uninfected controls, demonstrated that
perturbations in serum cholesterol levels were significantly associated ( p < 0.05) with perturbations in serum
levels of RANKL and OPG, and their ratio (RANKL/OPG). There were no significant associations of serum
RANKL, OPG, and RANKL/OPG with progression of atherosclerosis in HIV-1 + subjects. Our results suggest
that HIV-1 infection is associated with reductions in both serum RANKL and the RANKL/OPG ratio, and
perturbations in the circulating levels of RANKL and OPG are significantly associated with increases in cho-
lesterol levels, but not with progression of atherosclerosis.

Introduction

Tumor necrosis factor (TNF) superfamily molecules,
namely, the receptor activator of nuclear factor-jB ligand

(RANKL), its receptor (RANK), and its soluble (decoy) re-
ceptor, osteoprotegerin (OPG), mediate interactions (RANKL-
OPG axis) that exert pleiotropic effects on bone metabolism,
endocrine functions, and the immune system.1–3 RANK is
expressed on the surface of hematopoietic precursor cells
and mediates signaling that stimulates osteoclastogenesis.1–3

Its ligand RANKL is expressed on osteoblast/stromal cell
surfaces, whereas OPG (a secreted glycoprotein of the TNF

receptor superfamily) acts as a decoy receptor that binds
RANKL and prevents the activation of RANK.1–3

Atherosclerosis is an inflammatory process in which the
RANKL-OPG axis is implicated. This axis typically is con-
sidered for its role in bone metabolism, but proinflammatory
cytokines including interleukin (IL)-1b, IL-6, and TNF-a that
are regulated by the RANKL-OPG axis in mediating bone
resorption in osteoporosis1–3 also play critical roles in the
initiation and perpetuation of atherosclerosis.4 Although re-
ports of associations between circulating levels of OPG or
RANKL with cardiovascular disease have been conflict-
ing,1,2,5 the most recent studies have shown that both
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increased RANKL concentration and decreased OPG level are
associated with vascular calcification, and increased
RANKL/OPG ratio is significantly associated with coronary
artery disease.1,2,5 Moreover, atherosclerosis and osteoporosis
share hyperlipidemia as an etiologic factor,6,7 helper T cells
can produce RANKL,8,9 and oxidized lipids can directly in-
crease the expression of RANKL from T cells through scav-
enger receptors.8,9

Human immunodeficiency virus type 1 (HIV-1) infection is
characterized by a chronic state of systemic inflammation with
increased levels of proinflammatory cytokines, hyperlipid-
emia, and helper T cell depletion,10 and should therefore affect
the RANKL-OPG axis, but these effects have not been defined.
In view of reported positive associations of atherosclerosis,
osteoporosis, and HIV-1 infection with proinflammatory acti-
vation of the RANKL-OPG axis and hyperlipidemia, and the
stimulatory effects of oxidized lipids in production of RANKL
from T cells,8,9 we hypothesized that increased serum
RANKL/OPG is independently associated with cholesterol
levels and progression of atherosclerosis in HIV-1-infected
subjects. Using blood specimens from a previously described
matched cohort study, we determined associations of baseline
characteristics, HIV-1 infection, protease inhibitors (PI) ther-
apy, and the risk of development of subclinical atherosclerosis
and its progression with the RANKL-OPG axis (serum soluble
RANKL, OPG, and RANKL/OPG ratio) in HIV-1-infected and
HIV-uninfected subjects.11 Finally, we determined the associ-
ations of oxidized [low-density lipoprotein (LDL), non-high-
density lipoprotein (non-HDL)] and nonoxidized (HDL and
total cholesterol) lipids with circulating levels of the RANKL-
OPG axis.

Materials and Methods

Study design

A5078 was a prospective, matched cohort study that was
designed to investigate the role of PI therapy and HIV-1 in-
fection on the risk for subclinical atherosclerosis and its pro-
gression; the study design and primary results have been
previously published.11 The current study is a subset analysis
of samples obtained from subjects who were enrolled as risk
factor (age, sex, race/ethnicity, smoking status, blood pres-
sure, and menopause status)-matched triads of HIV-1-
infected (HIV-1+ ) individuals with viremia < 500 RNA copies/
ml with (n = 29) or without (n = 26) use of PI therapy, and HIV-1-
uninfected (control) individuals (n = 36) from 41 triads, of which
15 were complete. These subjects were recruited from eight
academic medical centers in the United States and had overall
low cardiovascular disease risk since the following clinical
conditions were exclusionary: diabetes mellitus (DM) or current
use of oral hypoglycemia agents and/or thiazolidinediones,
family history of myocardial infarction, history of coronary
heart disease or stroke, uncontrolled hypertension, untreated
hypothyroid ism, or obesity.

Data collection

Metabolic syndrome was defined by National Cholesterol
Education Program (NCEP) criteria.12 Fasting glucose, insu-
lin, lipids, homocysteine, high-sensitivity C-reactive protein
(hs-CRP), cardiovascular disease-related measurements,
CD4 + T cell counts, and HIV-1 RNA levels were previously

determined.11 Carotid artery intima-media thickness (CIMT)
of the far wall of the right common carotid artery was mea-
sured at baseline and longitudinally as previously pub-
lished.11 Using stored samples from this prospective study,
serum total soluble RANKL and OPG were quantified by
enzyme-linked immunosorbent assay (ELISA) in accordance
with the manufacturer’s protocol (OPG: R&D Systems,
RANKL: Biovendor) on specimens from weeks 0 and 144
(or 96 if week 144 was missing).

Sample size

The primary objective evaluated two pairwise differences in
yearly rates of change between groups, separately for each
outcome (RANKL, OPG, and RANKL/OPG ratio). Based on
sample availability from the parent study, we assumed 30
evaluable subjects per group. Using a two-sided, 0.05-level,
two-sample t-test with two comparisons, we had the ability to
detect a difference of 0.8 times the common standard deviation
of the yearly rate of change in each outcome with 80% power.

Statistical methods

The yearly rate of change for each marker was based on two
time points for each participant. Using a 48-week year, simple
linear regression was used to calculate each participant’s
yearly rate of change (i.e., slope) in the marker (reported in
marker unit/year). A matched analysis comparing the two
HIV-1 + groups (18 triad pairs) assessed the effect of PI ther-
apy on the RANKL-OPG axis. Comparison of the HIV-1 + /
non-PI and control groups (21 triad pairs; or combined
HIV-1 + group with the control group if there was no differ-
ence between the two HIV-1 + groups) assessed the effect of
HIV-1 infection on the RANKL-OPG axis. A variation on the
Wilcoxon signed-rank test was used to compare the two
HIV-1 + subjects to the paired control subject within each tri-
ad.13 Mixed models regression analyses with triad as a ran-
dom effect evaluated whether baseline measurements of
serum RANKL, serum OPG, serum RANKL/OPG, and CIMT
were associated with baseline covariates. Progression of ath-
erosclerosis was evaluated in two ways: (1) yearly rate of
change in CIMT and (2) CIMT progression (defined a priori as
yearly rate of change ‡ 12.2 lm/year as previously de-
scribed11). Repeated measures regression analyses evaluated
associations with yearly rates of change in the outcome.
Conditional logistic regression modeling for matched pairs
data stratified by triad evaluated associations with CIMT
progression. Covariates significant in the univariate analysis
( p < 0.05) were examined together in multivariate analysis.
SAS version 9.2 was used for the statistical analysis.

Results

HIV-1-infected subjects had more metabolic
abnormalities than the HIV-1-uninfected subjects

Baseline anthropometric, metabolic, and inflammatory
marker data on the 91 subjects in this study are summarized in
Table 1. The subjects who did not remain in the study after
week 96 did not differ in age and race/ethnicity from those
who completed the week 144 visit. The two HIV + groups had
comparable CD4 + T cell blood counts, nadir CD4 + T cell
counts, plasma viremia, and usage of nucleoside reverse
transcriptase inhibitors (NRTIs) at baseline. As reported
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Table 1. Baseline Subject Variables by Group

Characteristic
Total

(N = 91)
HIV-1/PI
(N = 29)

HIV-1/non-PI
(N = 26)

Control
(not HIV-1 + )

(N = 36) p-valuea

Age (years), median (IQR) 41 (36–45) 41 (38–45) 41 (36–47) 40 (36–45) 0.86b

Sex, M 84 (92%) 28 (97%) 24 (92%) 32 (89%) 0.55c

Race/ethnicity
White non-Hispanic 69 (76%) 23 (79%) 19 (73%) 27 (75%) 0.40c

Hispanic (regardless of Race) 17 (19%) 4 (14%) 5 (19%) 8 (22%)
Other/unknown 5 (5%) 2 (7%) 2 (8%) 1 (3%)

Body mass index (kg/m2),
median (IQR)

24.70 (23.40–27.60) 25.50 (23.60–27.60) 24.20 (22.00–26.60) 25.00 (23.75–27.95) 0.25b

Waist circumference (cm),d ‡ 90 40 (44%) 17 (59%) 7 (27%) 16 (44%) 0.05c

Waist/hip ratio,d median (IQR) 0.91 (0.86–0.94) 0.93 (0.92–0.96) 0.90 (0.86–0.94) 0.89 (0.83–0.92) 0.003b

Metabolic syndrome, present 11 (12%) 9 (31%) 1 (4%) 1 (3%) 0.001c

Lipid-lowering medications,
present

12 (13%) 8 (28%) 4 (15%) 0 (0%) 0.001c

Metabolic parameters
Fasting blood glucose

(mg/dl), < 126
91 (100%) 29 (100%) 26 (100%) 36 (100%)

Total cholesterol (mg/dl),
‡ 200

43 (47%) 20 (69%) 9 (35%) 14 (39%) 0.02c

Direct LDL cholesterol
(mg/dl),e ‡ 100

64 (70%) 22 (76%) 17 (65%) 25 (69%) 0.40c

HDL cholesterol (mg/dl), < 35 20 (22%) 7 (24%) 6 (23%) 7 (19%) 0.90c

Triglycerides (mg/dl), ‡ 150 39 (43%) 18 (62%) 11 (42%) 10 (28%) 0.02c

Non-HDL cholesterol
(mg/dl), median (IQR)

149 (128–187) 184 (134–206) 135 (118–170) 145 (125–171.5) 0.009b

Insulin (mU/liter),f

median (IQR)
6.25 (5–8) 7.40 (6.20–14.50) 5.55 (4.55–7.15) 6 (5–7.60) 0.004b

Inflammatory parameters
hs-CRP (mg/liter),f

median (IQR)
1.10 (0.50–2.30) 1.40 (0.80–3.30) 1 (0.40–3.40) 1 (0.50–1.80) 0.26b

Homocysteine (lmol/liter),f

median (IQR)
9.10 (7.40–11) 9.20 (7.90–13.80) 7.60 (6.35–8.80) 9.70 (8.70–11) 0.002b

HIV disease-related parameters (N = 55) (N = 29) (N = 26)
Baseline CD4 + T cells

(cells/mm3), median (IQR)
488 (354–692) 535 (369–707) 477 (334–674) 0.56b

Nadir CD4 + T cells
(cells/mm3),g £ 200

20 (38%) 11 (39%) 9 (35%) 0.78c

HIV-1 RNA (copies/ml), < 50 46 (84%) 24 (83%) 22 (85%) 0.99c

Antiretroviral therapy
(weeks), median (IQR)

156 (123–269) 250 (152–359) 117 (60–140) < 0.001b

PI use (weeks),h median (IQR) 113 (0–238) 190 (135–259) 0 (0–0) < 0.001b

Ritonavir use, any 9 (16%) 9 (31%) 0 (0%) 0.002c

NRTI use, any 52 (57.1%) 27 (93.1%) 25 (96.2%) 0.99c

NNRTI use, any 28 (30.8%) 8 (27.6%) 20 (76.9%) < 0.001c

ap-value for between group differences: HIV-1/PI versus HIV-1/non-PI versus control.
bKruskal–Wallis test.
cFisher’s exact test.
dDue to missing data, the sample sizes are N = 90, N = 28, N = 26, and N = 36.
eDue to missing data, the sample sizes are N = 89, N = 27, N = 26, and N = 36.
fDue to missing data, the sample sizes are N = 84, N = 27, N = 24, and N = 33.
gDue to missing data, the sample sizes are N = 53, N = 27, and N = 26.
hWithin the HIV-1/PI and HIV-1/non-PI groups, the choice of baseline antiretroviral therapy varied. In the PI group, 18 (62%) received a

single PI (eight nelfinavir, eight indinavir, and two ritonavir), three received lopinavir/ritonavir, and eight received a dual PI combination
(one did not include ritonavir). Overall, 12 (41%) of the subjects within the PI group were receiving ritonavir as part of their therapy. In the
non-PI group, 20 (77%) were receiving a combination of nonnucleoside reverse transcriptase inhibitors and nucleoside analogues, five (19%)
were receiving nucleoside analogues only, and one (4%) was receiving no antiretroviral therapy.

PI, protease inhibitor; IQR; interquartile range; LDL, low-density lipoprotein; HDL, low-density lipoprotein; hs-CRP, high-sensitivity C-
reactive protein; NRTI, nucleoside reverse transcriptase inhibitor; NNRTI, nonnucleoside reverse transcriptase inhibitor.
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previously in the primary analysis of this cohort, the HIV-1 +

subjects tended to have more metabolic abnormalities than
the control subjects.14

HIV-1 infection was associated with significantly
lower serum RANKL and RANKL/OPG ratio

In view of the limited data regarding circulating levels of
RANKL and OPG in HIV-1 infection,15–17 we first determined
the possible associations between treated HIV-1 infection and
changes in serum levels of RANKL, OPG, and their serum
ratio. As shown in Table 2, at baseline and week 96/144, se-
rum RANKL levels and the RANKL/OPG serum ratio were
significantly lower in both HIV-1 + groups (with and without
PI treatment) and in the combined HIV-1 + group compared to
the control group ( p £ 0.01). Both the combined HIV-1 + and
HIV/non-PI groups had significantly greater serum RANKL
and RANKL/OPG levels by 96/144 weeks compared to
baseline ( p £ 0.04) in contrast to the control group ( p = 0.06).
There were no significant differences in serum OPG when
comparing the two HIV-1 + groups and the combined HIV-1 +

group to the control group at both time points ( p > 0.3). In a
matched analysis, there were no significant differences in the
yearly rates of change in serum levels of RANKL, OPG, and
RANKL/OPG between the combined HIV-1 and control
groups ( p > 0.4). Thus, HIV-1 infection was associated with
lower baseline serum levels of RANKL and RANKL/OPG,
but not with changes in these biomarkers over time.

Antiretroviral therapy with PI did not affect the changes
in levels of RANKL and RANKL/OPG in HIV-infected
subjects

Given the numerous in vitro effects of antiretroviral therapy
(ART) with PI on OPG/RANKL regulation in osteoblasts,18

we then explored the association between therapeutic regi-
mens with versus without PIs and alterations in circulating
levels RANKL, OPG, and their ratio in vivo in HIV-infected
subjects. There were no significant differences between both
HIV-1 + groups in serum RANKL, OPG, RANKL/OPG levels
at both time points ( p > 0.2; data not shown), and the yearly
rates of change in serum RANKL, OPG, and RANKL/OPG
(matched analysis p > 0.4) (Table 2). Thus, we were not able to
detect a statistically significant relationship between PI ex-
posure and markers of the RANKL-OPG axis in HIV-1 +

subjects.

Higher baseline cholesterol levels were associated
with lower baseline serum OPG and higher
RANKL/OPG serum ratio in HIV-infected subjects

To confirm our hypothesis that hyperlipidemia is inde-
pendently associated with circulating levels of RANKL and/
or OPG in HIV-1 infection and that the interplay of lipids with
the RANKL-OPG axis may be important for the progression
of atherosclerosis in HIV-1 infection, we investigated factors
significantly associated with baseline serum RANKL, OPG,
and RANKL/OPG, as identified by univariate and multi-
variate models. Factors associated with lower baseline serum
RANKL and RANKL/OPG included HIV-1 infection
( p £ 0.001) and larger baseline waist-to-hip ratio (WHR)
(p £ 0.05) in univariate analysis in all study subjects (Table 3).
In a multivariate analysis that included all study subjects,

lower baseline serum OPG was associated with being male
(parameter estimate - 9.43; 95% CI: - 17.73, - 1.14; p = 0.03),
lower baseline HDL (parameter estimate - 3.97; 95% CI: - 7.54,
- 0.40; p = 0.03), and lower baseline insulin (parameter estimate
- 4.13; 95% CI: - 6.62, - 1.64; p = 0.002). In the HIV-1+ subjects
only, univariate analysis found that higher baseline total
cholesterol was associated with higher baseline serum
RANKL and RANKL/OPG and lower baseline serum OPG
( p £ 0.07). In multivariate analysis in the HIV-1 + subjects, lower
baseline serum OPG was associated with higher baseline total
cholesterol (parameter estimate - 4.69; 95% CI: - 8.47, - 0.92;
p = 0.02), lower baseline insulin (parameter estimate - 4.35;
95% CI: - 7.35, - 1.35; p = 0.008), and lower baseline hs-CRP
(parameter estimate - 4.22; 95% CI: - 7.59, - 0.86; p = 0.02).
However, in the control subjects, there were no associations of
baseline levels of lipids with baseline serum levels of the
RANKL-OPG axis ( p > 0.3; data not shown).

Serum levels of lipids were also associated
with changes over time in serum levels of RANKL
and RANKL/OPG serum ratio in HIV-infected subjects

We then investigated whether the observed associations of
baseline serum levels of lipids with changes in serum levels
RANKL, OPG, and their serum ratio were also observed over
time. Statistically significant increases in RANKL and
RANKL/OPG serum ratio were observed during the period
of follow-up within the HIV-1 combined ( p = 0.04) (Table 2).
We investigated factors that were associated with the yearly
rates of change in RANKL and RANKL/OPG (Table 3).

In multivariate analysis including all study subjects, nega-
tive yearly rates of change in RANKL (data not shown) and in
RANKL/OPG were associated with having HIV-1 (parameter
estimate - 0.62; 95% CI: - 1.13, - 0.11; p = 0.02) and higher
baseline body mass index (BMI) (parameter estimate - 0.20,
95% CI: - 0.31, - 0.09; p < 0.001) (Table 3). In univariate analysis
in the HIV-1 + subjects, a negative yearly rate of change in
RANKL was associated with higher baseline HDL ( p = 0.005)
and higher baseline total cholesterol ( p = 0.04) and a negative
yearly rate of change in RANKL/OPG was associated with
higher baseline total cholesterol ( p = 0.001) and higher baseline
LDL ( p = 0.03). In multivariate analysis in the HIV-1+ subjects,
with nadir CD4 + cell count and years of PI use in the model,
only higher baseline HDL (parameter estimate - 7.51, 95% CI:
- 13.76, - 1.26; p = 0.02) remained significantly associated with
a negative yearly rate of change in RANKL (Table 3). However,
these associations were not found in the control subjects. The
different univariate associations of cholesterol with serum
RANKL/OPG over time in HIV-1 + versus controls are illus-
trated in Table 3.

The serum levels of the RANKL, OPG, and the
RANKL/OPG serum ratio were not associated with
changes in CIMT over time in HIV-infected subjects

We then examined the possible relationship of serum levels
of RANKL, OPG, and their serum ratio with progression of
atherosclerosis in HIV-1 + subjects considering the previously
described interplay between the RANKL-OPG axis and ath-
erosclerosis in HIV-1-uninfected subjects. In a separate analysis
of this study, we found no significant differences in baseline
CIMT between the combined HIV-1 + and control groups
( p = 0.81).14 Baseline serum RANKL and RANKL/OPG were
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not associated with baseline CIMT, yearly rate of change in
CIMT, and progression of CIMT ( p > 0.3) (Table 4). Although
baseline serum OPG was associated with progression of CIMT
( p = 0.04) in univariate analysis in all subjects, this association
was not found in the HIV-1 + subjects ( p = 0.19).

Discussion

In this analysis of stored serum samples from a prospective
3-year study, we found that HIV-1-infected subjects on ART
had significantly lower levels of RANKL and RANKL/OPG
ratio, but similar OPG levels, compared to control subjects. In
HIV-1-infected subjects, cholesterol was significantly associ-
ated with baseline serum levels and/or changes over time in
the RANKL-OPG axis. These findings underscore the com-
plicated interactions between ART, HIV-1 infection, and the
RANKL-OPG axis.

Although the RANKL-OPG axis has not been studied ex-
tensively in HIV-1 infection, in vitro15,16 and in vivo studies17

suggest that HIV-1 infection has numerous effects on the
RANKL-OPG axis. In vitro studies suggest that HIV-1 infec-
tion per se,16 immune dysregulation,19 and changes in blood
levels of TNF-related apoptosis-inducing ligand (TRAIL), a
basic member of the TNF superfamily,20 during HIV-1 infec-
tion as well as ART18 can affect the RANKL-OPG axis.
However, most of these studies offer conflicting results as to
whether HIV-1 infection is associated with a higher or lower
RANKL/OPG ratio and do not consider the potential in-
volvement of changes in cytokine levels that occur during
HIV-1 infection in vivo.

Limited data from in vivo studies on levels of circulating
RANKL21–23 and OPG 22, 23 in untreated and treated HIV-1
infection are conflicting. A recent study found that serum
RANKL was lower in HIV-infected individuals than controls
and was negatively associated with the number of coronary
segments with plaque and Agatston coronary artery calcium
score in HIV-1-infected individuals even after adjusting for
traditional cardiovascular risk factors.24 Similar to these find-
ings and contrary to the increased RANKL/OPG ratio found
in other systemic inflammatory conditions,25 we found that
HIV-1-infected subjects on either NNRTI- or PI-based ART had
significantly lower levels of total serum RANKL and RANKL/
OPG ratio compared to control subjects at both baseline and
after 2–3 years of follow-up. However, few studies have pre-
viously determined the RANKL/OPG ratio in HIV-1 infection
and suggested that HIV-1 infection26 and ART21 increased22 or
did not affect the RANKL/OPG ratio. Without longitudinal
data on patients initiating different ART regimens, it is not
possible to define the role of ART on RANKL levels. Differ-
ences in the assays used,27 the potency of OPG to neutralize
RANKL,28 the metabolic activity of different tissues that ex-
press the majority of RANKL and OPG,28 the state of immune
activation,22 and the use of different antiretrovirals29 between
different groups of HIV-1-infected subjects could all explain
discrepancies between different studies.

The interplay between T lymphocytes, lipids, and bone
may also explain the lower circulating levels of RANKL in
HIV-1-infected compared to HIV-uninfected subjects. In-
creased RANKL expression in T cells and reduced OPG ex-
pression in T cells have previously been shown to be
associated with reduced bone density and hyperlipidemia.9

HIV-1 infection is associated with T cell lymphopenia and

reduced bone density.30 Thus, it is possible that reduced
systemic levels of RANKL in HIV-1-infected subjects may
reflect reduced T cell-derived RANKL. Moreover, the nadir
CD4 + T cell count, a marker of HIV-1 disease severity, was
associated with the yearly rate of change in RANKL and
RANKL/OPG, and this is consistent with previous in vitro
studies that have shown that HIV-1 can induce changes in the
production of RANKL and RANKL/OPG in CD4 + T cells19

and recent in vivo studies that serum RANKL was positively
associated with CD4 + counts in HIV-1 infection and that
patients with lower CD4 + T lymphocyte counts had lower
serum RANKL levels.24 Further studies are needed to inves-
tigate the contribution of T cell dysfunction to RANKL pro-
duction in HIV-1-infected patients.

Another explanation for our unexpected findings that HIV-
1-infected patients had lower serum levels compared to the
controls may be that increased RANKL tissue expression in
HIV-1 infection may lead to a negative feedback loop and
lower circulating levels of RANKL. Indeed, serum levels of
RANKL may be very different from local tissue expression
and activity.24 RANKL mRNA levels have been found to be
higher in human atherosclerotic plaques than in normal ves-
sels,19 and an inverse relationship between serum RANKL
levels and measures of coronary artery disease has been re-
ported.31,32 It may be possible that with increased local
RANKL activity there is less release of cell surface RANKL to
soluble RANKL.24 Consistent with this hypothesis, circulating
RANKL levels were inversely associated with local tissue
RANKL mRNA levels.33 In HIV-1 infection, in vitro data
suggest that RANKL activity is increased at the tissue level
whether via HIV-1 infection itself 34 or secondary to medica-
tion effects.34 This raises an intriguing possibility that these
factors increase local RANKL activity in HIV-1-infected pa-
tients that may be associated with lower circulating RANKL
levels. Our findings highlight the need for further studies to
evaluate local RANKL activity within the tissues of HIV-1-
infected individuals.

Despite the aforementioned effects of ART on the RANKL/
OPG ratio, we did not find a significant effect of PI therapy on
the RANKL-OPG system in our small study. A larger study
found that PI use is associated with lower serum RANKL
levels in HIV-1-infected patients.24 Data from in vitro experi-
ments suggest that only specific PIs are involved in the per-
turbation of the RANKL-OPG system and different doses of
the same PI may have different effects on the RANKL-OPG
pathway.18 Thus, it is possible that the PI drugs used in our
cohort have less impact on the RANKL-OPG axis compared to
other PI drugs, such as ritonavir,35 which was used in only
30% of the subjects in our PI group. Our study was not de-
signed to detect changes within the PI class; however, this
issue will be important to examine in future studies.

We also found that lower baseline serum OPG was signif-
icantly associated with higher baseline total cholesterol. Our
findings are consistent with previous studies that indicate that
the molecular mechanisms of osteoclastogenesis and RANKL
signaling are highly dependent on cholesterol36,37 and that
cholesterol levels can be a significant predictor for serum
RANKL/OPG level.38 Higher levels of oxidized LDL may
increase serum levels of RANKL.8,9 However, in our study we
did not find significant associations of the circulating levels of
oxidized fractions of cholesterol (LDL and non-HDL) with
serum levels of RANKL and OPG. The RANKL-OPG-LDL
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cholesterol interplay may be more evident in those patients
with a higher underlying cardiovascular risk1,2 and our small
study may be underpowered to demonstrate these associa-
tions in subjects who were otherwise at low risk for athero-
sclerosis.

Moreover, we found that lower HDL cholesterol was in-
dependently associated with positive changes over time in
serum levels of RANKL in HIV-1-infected subjects. Lower
HDL levels are inversely associated with higher levels of ox-
idized LDL and increased HDL redox activity in HIV-1-
uninfected subjects.39,40 HIV-1-infected patients have lower
HDL levels41 and HDL with higher redox activity39,42 com-
pared to HIV-uninfected patients. Previous in vitro studies
have shown that oxidized lipoproteins can directly upregu-
late production of RANKL from T cells through scavenger
receptors8,9 and that oxidized HDL can also upregulate the
NF-jB pathway.43 Consistent with these findings in a separate
analysis of the current cohort, we have recently shown that
increased HDL redox activity was independently associated
with higher serum levels of RANKL/OPG in HIV-1-infected
subjects (but not in HIV-uninfected subjects).44 Thus, both
total levels of cholesterol as well as oxidized lipoproteins/
cholesterol may be associated with regulation of the RANKL-
OPG pathway in HIV-1-infected patients and further mech-
anistic studies need to elucidate the interplay between lipids
and the RANKL-OPG pathway in HIV-1 infection.

Although the RANKL-OPG system has been suggested to
play an important role in cardiovascular disease in HIV-1-
uninfected subjects,2 there are limited data regarding this role
in HIV-1-infected subjects.17 Unlike baseline RANKL and
RANKL/OPG, higher baseline OPG was associated with
progression of CIMT in univariate analysis, similar to other
studies.2,45 However, this association was not found in the
HIV-1-infected subjects.

Several factors could explain the lack of association of the
RANKL-OPG axis with progression of atherosclerosis. Our
study focused on determining the isolated effect of HIV-1
infection and PI therapy on progression of atherosclerosis and
the subjects enrolled in our study had a low cardiovascular
risk profile. The risk for progression of atherosclerosis asso-
ciated with the RANKL-OPG axis may be more evident in
those patients with a higher underlying cardiovascular risk1,2

and our small study may be underpowered to demonstrate
this risk in subjects who were otherwise at low risk for ath-
erosclerosis. Moreover, the endpoints used for progression of
atherosclerosis vary across different studies11 and different
factors may influence different measures of atherosclerosis,
such as the presence of plaque, coronary calcification, or ca-
rotid IMT.

Despite the above limitations, our study provides some of
the first information on the RANKL-OPG axis in HIV-1-
infected subjects in the setting of a prospective study that in-
cludes measures of progression of atherosclerosis. We found
that serum levels of the RANKL and OPG in HIV-1-infected
subjects on ART are perturbed compared to HIV-uninfected
individuals, and that cholesterol levels correlate significantly
with the RANKL-OPG axis in HIV-1 infection. It is clear that
there are complex interplays between HIV-1 infection, ART,
inflammation, immune system, cardiovascular disease, and
the RANKL-OPG axis. Further studies need to better define
the role of the RANKL-OPG axis in HIV-1 infection and
measure both blood and tissue levels of RANKL and OPG.
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