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PATHOGENESIS

Low Levels of Endothelial Progenitor Cells and Their
Association with Systemic Inflammation and Monocyte

Activation in Older HIV-Infected Men

Sophie Seang,1,2 Theodoros Kelesidis,3 Diana Huynh,4 Sangeun Park,3 Ardis A. Moe,3

Judith S. Currier,3 and Jordan E. Lake5

Abstract

Endothelial progenitor cells (EPCs) repair damaged vascular endothelium, and low circulating EPC levels have
been associated with cardiovascular disease (CVD). CD34+/KDR+ EPCs are commonly reported in the liter-
ature and CD34+/CD133+/KDR+ EPCs are rare in circulation but highly specific for endothelial lineage. HIV-
infected (HIV+) adults have chronic inflammation and increased CVD risk, but the relationship between CVD,
vascular inflammation, and EPCs in HIV remains unclear. In a pilot study, EPCs were measured in 57 HIV+
men [‡50 years old, HIV-1 RNA <50 copies/ml on antiretroviral therapy (ART)] by real-time flow cytometry
using cellular immaturity (CD34 and/or CD133) and endothelial commitment (KDR) markers. Fasting in-
flammatory biomarker levels were measured by ELISA. Median age was 57 years; CD4+ T lymphocyte count
was 570 cells/mm3. Prevalent CVD risk factors included 16% diabetes, 28% hypertension, 53% dyslipidemia,
and 33% smoking. Median (interquartile range) EPC values were CD34+/KDR+ 0.1 (0.0–0.9) cells/105 pe-
ripheral blood mononuclear cells (PBMCs) and CD34+/CD133+/KDR+ 0.1 (0.0–0.9) cells/105 PBMCs. We
observed a high prevalence of undetectable CD34+/KDR+ (40%) and CD34+/CD133+/KDR+ EPCs (44%). Men
with undetectable EPCs were more likely to have ‡2 CVD risk factors, lower interleukin-6 (IL-6), and higher
sCD163 levels. In these older HIV+ men on suppressive ART, CD34+/KDR+ and CD34+/CD133+/KDR+ EPC
levels were low and often undetectable. Undetectable EPC levels were associated with greater CVD risk factor
burden, lower IL-6 (consistent with decreased EPC production stimulus), and higher sCD163 (consistent with
monocyte activation and prior CVD associations) levels, suggesting a potential relationship between EPCs and
atherosclerotic burden in this population.

Keywords: endothelial progenitor cells, HIV, inflammation

Introduction

Although effective antiretroviral therapy (ART)
prevents AIDS-defining illnesses and prolongs life,

morbidity and mortality rates in HIV-infected (HIV+) indi-
viduals due to non-AIDS events remain high.1,2 HIV+ indi-
viduals have earlier and accelerated development of subclinical
atherosclerosis,3 leading to a higher risk of cardiovascular

disease (CVD) than HIV-uninfected (HIV-) individuals.2 The
exact physiologic mechanisms contributing to heightened
CVD risk in HIV infection are not fully understood.

Disturbances in vascular reparative capacity, as measured
by the number of circulating endothelial progenitor cells
(EPCs), have been suggested as a potential driver of endothe-
lial dysfunction in HIV infection.4–6 EPCs are bone marrow-
derived cells characterized by having cellular markers of both
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hematopoietic immaturity7 and endothelial commitment.8

Physiologically, EPCs are released from the bone marrow into
the circulation after vascular injury and contribute to endo-
thelial repair. In HIV- persons, the number and function of
circulating EPCs are altered by traditional CVD risk factors,
and number of EPCs are inversely correlated with severity of
atherosclerosis.9

In HIV+ individuals, alterations in the number and/or func-
tionality of EPCs compared with HIV- individuals have been
reported.4–6 However, the association between EPC levels and
subclinical atherosclerosis remains unclear, particularly among
HIV+ individuals with suppressed viremia.4,10 In addition, data
are limited to a small number of studies using varied EPC
isolation techniques, and results are conflicting.10–12

In this pilot study, we first aimed to describe the cross-
sectional distribution of number of EPCs and immuno-
phenotype in older HIV+ men on suppressive ART, a group
at increased CVD risk.13 Considering the influence of tra-
ditional CVD risk factors, including sex and age, on EPC
levels in the general population,14 we chose to focus our study
on a homogeneous HIV+ group of men with age ‡50 years.
We then analyzed the relationship between EPC subset fre-
quency and CVD risk factor burden, and explored relation-
ships between EPC subset frequency and levels of circulating
biomarkers of inflammation and vascular disease.

Methods

Participants

Participants were enrolled into this cross-sectional study at
the University of California, Los Angeles (UCLA) Clinical
AIDS Research and Education Center (May–November 2014).
Inclusion criteria included HIV+, male sex, ‡50 years old, and
HIV-1 RNA <200 copies/ml on stable ART for ‡24 weeks.
Exclusion criteria included active, untreated opportunistic, or
AIDS-defining illness; active autoimmune disease; acute in-
fection or vaccination in the 21 days before entry; change in
medications with anti-inflammatory properties in the 12 weeks
before entry; regular use of prednisone at doses ‡5 mg/day; and
any ischemic event in the 24 weeks before entry. All study
documents and procedures were approved by the institutional
review board at UCLA, and all subjects provided written in-
formed consent before initiation of study procedures.

EPC characterization and isolation

Number of EPCs and immunophenotype were measured
using real-time flow cytometry on whole blood samples at room
temperature.8,15,16 Blood was collected in sodium heparin tubes
in the fasting state (nothing to eat or drink for >8 h before the
blood draw except water or medications). Flow cytometry was
performed on freshly isolated peripheral blood mononuclear
cells (PBMCs) using the following fluorochrome-conjugated
antibodies: anti-CD45 FITC (clone HI30), anti-CD3 PerCP-
Cy5.5 (clone UCHT1), anti-CD33 PerCP-Cy5.5 (clone P67.6),
anti-CD19 (clone HIB19), and anti-CD34 PE-Cy7 (clone
8G12), all from BD Biosciences (San Jose, CA); anti CD235ab
(glycophorin) PerCP-Cy5.5 (clone HIR2) from Biolegend (San
Diego, CA); anti-CD133/2 PE (clone 293C3) from Beckman-
Coulter (Brea, CA); and anti-VEGF R2 (KDR/Flk-1) APC
(clone 89106) from R&D (Minneapolis, MN). Using CD34 and
CD133 as markers of EPC early maturity and KDR as a marker

of endothelial lineage commitment,17 EPCs were defined as
viable CD45-(or dim)/CD3-/CD33-/CD19-/glycophorin- cells
with one of the following four immunophenotypes: CD133+/
KDR+, CD34+/KDR+, CD34+/CD133+, or CD34+/KDR+/
CD133+(expressed per 105 PBMCs).

An LSR-II flow cytometer (BD) was used to analyze
‡500,000 cells per sample. Cell Preparation Tube beads (BD
Biosciences, San Jose, CA) were used for instrument setup
before each analysis, and Rainbow beads (Spherotech, Lake
Forest, IL) to standardize instrument settings between sam-
pling runs. Fluorescence Minus One controls were prepared
for each run to ensure between-run gate consistency. All
samples had >75% viability; only live cells (defined by neg-
ative 7-aminoactinomycin D staining) were included. For each
sample, a minimum of 500,000 events was acquired. Data
were analyzed in FlowJo software, version 9.3.3 (Treestar,
Ashland, OR). Undetectable level of EPCs was defined as no
signal detected through real-time flow cytometry.

Inflammatory biomarker testing

Blood was collected in the fasting state in EDTA and serum
separator tubes for isolation of plasma and serum, respectively,
and stored at -70�C until biomarker measurement could occur.
Concentrations of plasma interleukin-6 (IL-6, sensitivity 0.7 pg/
ml), soluble tumor necrosis factor-a receptor 1 (sTNFR-I,
sensitivity 1.2 pg/ml), soluble vascular cell adhesion molecule-1
(sVCAM-1, sensitivity 1.26 ng/ml), soluble CD14 (sCD14,
sensitivity 125 pg/ml), and serum-soluble CD163 (sCD163,
sensitivity 0.613 ng/ml) were measured by R&D Systems
(Minneapolis, MN) ELISAs; plasma asymmetric dimethy-
larginine (ADMA, sensitivity 0.05 lmol/ml) was measured
through DLD Diagnostika GmbH (Hamburg, Germany) ELISA.
All biomarker measurements occurred at the University of
Vermont Laboratory for Clinical Biochemistry Research.

Clinical parameters

Medical records were reviewed for clinical and demo-
graphic data, medical and medication history. Assessment of
CVD risk factor burden [age ‡50 years, dyslipidemia, diabetes,
hypertension, current smoking or £2 years since smoking
cessation, body mass index (BMI) ‡25 kg/m2, and history of
CVD] was performed. Current ART and cumulative time on
nucleoside reverse transcriptase inhibitor (NRTI), protease
inhibitor (PI), non-NRTI (NNRTI), and integrase strand
transfer inhibitor (INSTI) therapy were recorded.

Outcomes

The primary endpoints were the differences in EPC subset
frequency by CVD risk factor profile and the associations
between EPC subset frequency and levels of circulating
biomarkers of inflammation and vascular disease.

Statistical analyses

Continuous variables are presented as medians and inter-
quartile ranges (IQRs), and nominal data are described as ab-
solute values or percentages. Statistical analyses were performed
using the Mann–Whitney U-test, and multiple groups were
compared using one-way analysis of variance. Correlations were
assessed using simple regression and Kendall’s tau test. Sig-
nificance was defined as two-sided a £ 0.05. The sample size for
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the EPC measurement was based upon EPC frequencies and
standard deviations in a prior cohort of older HIV+ adults.18

Results

Participant characteristics

Clinical and demographic characteristics are detailed in
Table 1. Among the 57 men enrolled in this study (89%

white, median age 57 years), 91% had ‡2 CVD risk factors.
Current ART use included 95% NRTI, 26% PI, 33% NNRTI,
and 26% INSTI; 96% of men had been on their current ART
regimen for ‡1 year before enrollment. Median CD4+ T
lymphocyte count was 570 cells/mm3. Chronic hepatitis B
virus (HBV, defined as the presence of positive HBV surface
antigen) and chronic hepatitis C virus (HCV, defined as de-
tectable HCV RNA) were reported in one and five subjects,
respectively.

Number of EPCs and immunophenotype

Median (IQR) EPC values were as follows: CD34+/
CD133+: 23.7 (16.3–30.1) cells/105 PBMCs; CD34+/KDR+:
0.1 (0.0–0.9) cells/105 PBMCs; CD133+/KDR+: 0.6 (0.1–2.5)
cells/105 PBMCs; and CD34+/CD133+/KDR+: 0.1 (0.0–0.9)
cells/105 PBMCs. Importantly, undetectable CD34+/KDR+

and CD34+/CD133+/KDR+ EPC levels were found in 40%
(23/57) and 44% (25/57) of participants (Fig. 1), respectively.

Associations between EPCs and CVD
risk factor burden

Participants with dyslipidemia (defined as diagnosis of
lipid disturbance or on lipid-lowering therapy) tended to have
fewer CD34+/KDR+ [0.04 (0.0–0.4) cells/105 PBMCs vs.
0.28 (0.0–1.6) cells/105 PBMCs, p = .06] and CD34+/
CD133+/KDR+ [0.0 (0–0.42) cells/105 PBMCs vs. 0.28 (0.0–
1.5) cells/105 PBMCs, p = .07] EPCs than those without
dyslipidemia. These differences persisted irrespective of
concomitant statin or angiotensin receptor blocker treatment
(data not shown).

CD34+/KDR+ (tau -0.15, p = .04) and CD34+/CD133+/
KDR+ (tau -0.14, p = .07) number of cells correlated with
CVD risk factor burden: consistently, men with ‡2 CVD risk
factors had significantly fewer CD34+/KDR+ [0.09 (0.0–0.6)
cells/105 PBMCs vs. 1.4 (0.7–2.9) cells/105 PBMCs, p = .01]
and CD34+/CD133+/KDR+ [0.08 (0.0–0.6) cells/105 PBMCs
vs. 1.5 (0.7–3.0) cells/105 PBMCs, p = .01] EPCs than men
with £1 CVD risk factor (Fig. 2). No correlation between
number of EPCs subset and 10-year Framingham Risk Score
was found.

Men with undetectable CD34+/KDR+ and CD34+/CD133+/
KDR+ EPCs were more likely than those with detectable
EPCs to have ‡2 CVD risk factors. Men with undetectable
CD34+/KDR+ EPCs were also somewhat more likely to have
diabetes than those with detectable EPCs (Table 2).

Associations between EPCs and inflammatory
biomarker levels

Overall, no significant ( p < .05) correlations between
number of EPCs subset and circulating inflammatory bio-
marker levels were observed. Interestingly, however, IL-6
levels were significantly lower in the subgroup of men with
undetectable CD34+/KDR+ EPCs than those with detectable
CD34+/KDR+ EPCs (1.1 vs. 1.7 pg/ml, p = .009), with a trend
observed for undetectable CD34+/CD133+/KDR+ EPCs
(undetectable 1.2 vs. 1.7 pg/ml, p = .09). In addition, sCD163
levels were higher in the subgroup of men with undetectable
CD34+/CD133+/KDR+ EPCs than those with detectable
CD34+/CD133+/KDR+ EPC levels (771.0 vs. 666.7 ng/ml,

Table 1. Clinical and Demographical

Characteristics

N = 57

Age (years) 57 (53–61)

Race, n (%)
White 51 (89)
African American 4 (7)
Asian 2 (4)

Ethnicity, n (%)
Hispanic or Latino 11 (19)
Non-Hispanic or non-Latino 46 (81)

BMI (kg/m2) 26 (23–30)
Current smoking, n (%) 19 (33)
Diabetes, n (%) 9 (16)
Hypertension, n (%) 16 (28)
Dyslipidemia, n (%) 30 (53)
History of CVD event, n (%) 4 (7)
Framingham risk score (%)a 13 (9–20)

Blood pressure (mmHg)
SBP 122 (116–135)
DBP 78 (72–83)

Lipid profile (mg/dL)
Total cholesterol 170 (148–199)
HDL cholesterol 46 (41–54)
LDL cholesterol 102 (80–118)
Triglycerides 116 (72–170)

Fasting glucose (mg/dL) 97 (89–105)
CD4+ T lymphocyte count (cells/ml) 570 (404–765)
CD4+ T lymphocyte percentage (%) 33 (26–40)
CD4+:CD8+ T lymphocyte ratio 0.8 (0.5–1.4)
Time since HIV diagnosis (years) 22 (12–26)
Time on ART (years) 12 (7–18)
AIDS diagnosis, n (%) 21 (37)
ART class, n (%)

NRTI 54 (95)
ABC 12 (22)
TDF 32 (59)

PI 15 (26)
NNRTI 19 (33)
INSTI 15 (26)

Concomitant medication
Statin, n (%) 27 (47)
Angiotensin receptor blocker, n (%) 9 (16)
Aspirin, n (%) 24 (42)

Data are expressed as median (IQR) unless otherwise indicated.
a10-year risk of a cardiovascular event, https://www.framing

hamheartstudy.org/risk-functions/cardiovascular-disease/10-year-
risk.php#

ABC, abacavir; ART, antiretroviral therapy; CVD, cardiovascular
disease; DBP, diastolic blood pressure; HDL, high-density lipoprotein;
INSTI, integrase strand transfer inhibitor; IQR, interquartile range;
LDL, low-density lipoprotein; NNRTI, non-nucleoside reverse tran-
scriptase inhibitor; NRTI, nucleoside reverse transcriptase inhibitor;
PI, protease inhibitor; SBP, systolic blood pressure; TDF, tenofovir.
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p = .02), with a trend observed for CD34+/KDR+ EPCs (un-
detectable 771.0 vs. 669.8 ng/ml, p = .06) (Fig. 3).

EPCs by ART class

Trends toward greater number of CD34+/KDR+ and
CD34+/CD133+/KDR+ EPCs were observed among men with
prolonged exposure (>5 years) to NRTIs [CD34+/KDR+: >5
years 0.2 (0.0–0.1) cells/105 PBMCs, £5 years 0.0 (0.0–0.2)
cells/105 PBMCs, between-group p = .07; CD34+/CD133+/
KDR+: >5 years 0.2 (0.0–0.9) cells/105 PBMCs, £5 years 0.0
(0.0–0.2) cells/105 PBMCs, between-group p = .08]. No rela-
tionship was observed between number of EPCs subset and
length of exposure to the PI, NNRTI, or INSTI classes of
agents, nor were EPC differences observed among current PI-
versus non-PI-treated or ABC- versus TDF-treated individuals.

EPCs, inflammatory markers, and HIV-related
parameters

Number of EPCs subset did not vary by HIV-related pa-
rameters, including history of an AIDS diagnosis, CD4+:
CD8+ T lymphocyte ratio, time since HIV diagnosis, or HCV
coinfection status. Pertinent correlations were observed be-

tween HIV duration and sTNFR-I (r = 0.29, p = .03), sCD14
(r = 0.24, p = .07), sVCAM (r = 0.35, p = .008), and sCD163
(r = 0.31, p = .002) levels.

Discussion

In this pilot, cross-sectional study of older HIV+ men on
suppressive ART, we observed (1) an association between
increased CVD risk factor burden and fewer CD34+/KDR+

and CD34+/CD133+/KDR+ EPCs; (2) that almost half of the
participants had undetectable CD34+/KDR+ and CD34+/
CD133+/KDR+ EPC levels, a striking finding; and (3) that IL-
6 levels were significantly lower in HIV+ men with unde-
tectable CD34+/KDR+ EPCs, whereas sCD163 levels were
higher among men with undetectable CD34+/KDR+ and
CD34+/CD133+/KDR+ EPCs.

Consistent with some studies in the general popula-
tion,13,14,19 we observed that men with higher CVD risk
factor burden had significantly fewer CD34+/KDR+ and
CD34+/CD133+/KDR+ EPCs. Interestingly, overall number
of CD34+/KDR+ and CD34+/CD133+/KDR+ EPCs were ex-
tremely low, and 40% of our HIV+ population had unde-
tectable CD34+/KDR+ EPCs. Although we did not have
documented CVD prevalence by imaging, main CVD risk

FIG. 1. Distribution of CD34+/KDR+ and CD34+/CD133+/KDR+ EPCs. Y axis: EPCs level/105 PBMCs. X axis: in-
dividual patient. EPC, endothelial progenitor cell; PBMCs: peripheral blood mononuclear cells.

FIG. 2. EPCs by CVD risk
profile. Group 1: 0–1 CVD
risk factors; group 2: 2–3
CVD risk factors; group 3: ‡4
CVD risk factors. *p < .05,
compared with group 2 and
group 3. Dp < .05, compared
with group 3. CVD, cardio-
vascular disease.
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factors were frequent in our studied population, including
dyslipidemia 53%, current smoking 33%, and hypertension
28%, suggesting a population with high-risk of atheroscle-
rosis. Our findings raise the question of the significance of
low number of EPCs in the context of a chronic inflammatory
disease. Under the hypothesis that circulating EPCs reflect
intact vascular regenerative capacity in persons at high risk of
or with prevalent CVD, our data may reflect low or impaired
vascular regenerative capacity among older HIV+ individu-
als with high CVD risk factor burden. However, although low
number of EPCs may be associated with low vascular re-
generative capacity, studies have shown that number of EPCs
may increase during and immediately after acute CVD
events,20,21 with an early return to baseline beginning 72 h

postinjury21 and/or reaching levels similar to healthy controls
at 2 months after acute myocardiac injury.22 Hence, in this
setting, a low EPC level may reflect the absence of EPC
mobilization rather than impaired vascular regenerative ca-
pacity. Of importance, our study excluded all patients with
recent (<24 weeks) CVD events, and our data are believed to
reflect an association between number of EPCs and preclin-
ical atherosclerosis, as suggested by the high rate of tradi-
tional CVD risk factors in our cohort, but no causal
relationship can further be presumed.

To date, no data related to EPCs level among HIV+ indi-
viduals virologically suppressed have been reported. HIV-
related parameters have been associated with low EPC levels,
as HIV may directly infect EPCs,6 and significantly fewer

Table 2. Clinical Characteristics and Inflammatory Biomarkers Between HIV+ Men

with Undetectable Versus Detectable CD34+/KDR+
Endothelial Progenitor Cells

CD34+/KDR+ EPC

p

CD34+/CD133+/KDR+ EPC

pUndetectable (n = 23) Detectable (n = 34) Undetectable (n = 25) Detectable (n = 32)

Cells/105 PBMCs 0 (0–0) 0.6 (0.2–2.0) 0 (0–0) 0.7 (0.2–2.0)
‡2 CVD risk factors 100 85 0.06 100 84 0.04
HTN 35 24 0.36 32 25 0.56
Tobacco 26 38 0.34 28 38 0.45
Dyslipidemia 65 44 0.12 57 44 0.13
Overweight 70 53 0.21 68 53 0.26
Diabetes 26 9 0.08 24 9 0.14
ABC use 22 35 0.28 28 31 0.79
PI use 26 26 0.97 32 22 0.39
Statin use 43 50 0.63 48 47 0.93
ARB use 17 15 0.79 20 13 0.46
AIDs 35 38 0.79 36 38 0.91
IL-6 (pg/ml) 1.1 (0.8–1.5) 1.7 (1.3–3.1) 0.009 1.2 (0.8–1.8) 1.7 (1.2–2.7) 0.09
sTNFR-I (pg/ml) 1073.9 (1024.4–1175.0) 1108.7 (1001.1–1320.9) 0.56 1083.7 (1028.1–1177.3) 1108.7 (999.0–1348.4) 0.65
sVCAM-1 (ng/ml) 976.3 (775.7–1216.6) 889.6 (755.4–1109.4) 0.24 1021.4 (807.7–1205.8) 874.3 (723.7–1093.9) 0.11
sCD14 (ng/ml) 2050.8 (1676.2–2168.4) 1950.7 (1772.4–2209.4) 0.91 2050.8 (1678.9–2184.1) 1950.6 (1776.4–2184;6) 0.90
sCD163 (ng/ml) 771.0 (642.0–965.5) 669.8 (550.0–725.3) 0.06 771.0 (666.3–1000.8) 666.7 (539.6–714.5) 0.02
ADMA (lmol/ml) 0.46 (0.39–0.66) 0.43 (0.37–0.59) 0.36 0.48 (0.40–0.63) 0.42 (0.37–0.57) 0.23

Continuous values are expressed in median (IQR) and nominal values in absolute values (percentage).
p-values for comparison of undetectable versus detectable EPC groups. Data in bold for significant p-value <0.05.
ABC, abacavir; ADMA, asymmetric dimethylarginine; ARB, angiotensin receptor blocker; CV, cardiovascular; EPC, endothelial

progenitor cell; HTN, hypertension; IL-6, interleukin-6; PBMCs, peripheral blood mononuclear cells; PI, protease inhibitor; sCD14, soluble
CD14; sCD163, soluble CD163; sTNFR-I, soluble tumor necrosis factor-a receptor 1; SVCAM-1, soluble vascular cell adhesion molecule-1.

FIG. 3. (A) Interleukin-6 levels in HIV+ men by CD34+/KDR+ EPC level detectability. (B) Soluble CD163 (sCD163)
levels in HIV+ men by CD34+/KDR+ EPCs level detectability. IL-6, interleukin-6; sCD163, soluble CD163.
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CD34+/KDR+ and CD34+/CD133+/KDR+ EPCs have been
reported in HIV+, ART-naive patients than in healthy con-
trols.5 In addition, Gomez-Garre et al.4 observed that ART
exposure (>5 years exposure to PI or NRTI) was the main
predictor of low number of CD34+/KDR+ EPCs after con-
trolling for CVD risk factors. However, in this study, 17% of
ART-treated persons had detectable HIV-1 RNA, which may
have confounded results.

In our study, no significant associations between EPC
levels and ART classes or agents were found, although trends
toward greater number of CD34+/KDR+ and CD34+/CD133+/
KDR+ EPCs among men with >5 years NRTI exposure were
observed. We also cannot exclude other possible associations
due to the high proportion of undetectable EPC levels in our
sample, which could have prevented us from detecting these
relationships. Given the limited and conflicting data, further
studies to understand the relationship between ART use and
EPCs are warranted.

From a clinical perspective, EPCs have been suggested as a
predictive biomarker of CVD events.14,23 Schmidt-Lucke
et al.23 reported an optimal threshold of 3.8 CD34+/KDR+

EPCs/105 PBMCs for the prediction of cardiovascular events
in a study of HIV- individuals with CAD over a median
duration of 10 months follow-up. Among HIV+ individuals,
only one study10 has explored the relationship between EPCs
change over time and atherosclerosis progression. This study
was performed on frozen and not fresh PBMC samples,
which the authors admitted their reduced ability to quantify
EPCs. Despite this, the authors observed greater number of
EPCs among HIV+ participants, and concluded a lack of
association between changes in EPCs and change in carotid
intima-media thickness for 1 year. Limitations of this study
make it difficult to conclude whether EPCs can be used as a
predictive marker of atherosclerotic disease in chronic HIV
disease, especially in the absence of CVD event documen-
tation. Further HIV+ cohort studies with measurements of
CVD events as primary outcomes are needed.

In an exploratory analysis, we studied the interplay between
EPCs and inflammatory biomarkers. Interestingly, our results
showed significantly lower IL-6 levels in the subgroup of
HIV+ men with undetectable CD34+/KDR+ EPCs. IL-6, as a
marker of systemic inflammation, has been associated with
CVD risk in HIV- and HIV+ populations.24,25 However, the
relationship between IL-6 and atherogenesis during chronic
HIV infection is less clear.26–28 IL-6 is a multifunctional,
systemic cytokine involved in various inflammatory processes,
including EPC proliferation, differentiation, and apopto-
sis.29,30 EPCs express the IL-6 receptor and IL-6 stimulates
EPC migration and proliferation.31,32 This physiology is con-
sistent with our finding that HIV+ men with undetectable
CD34+/KDR+ EPCs had lower median IL-6 levels.

In contrast, sCD163 was higher in the subgroups of HIV+
men with undetectable CD34+/KDR+ and CD34+/CD133+/
KDR+ EPCs than in those with detectable EPCs. Since
number of EPCs is inversely correlated with the severity of
atherosclerosis in the general population,9 our results may
suggest significant subclinical atherosclerosis in these men.
Furthermore, monocyte/macrophage infiltration is a hallmark
of atherosclerosis,33 and higher circulating sCD163 levels
have been associated with coronary plaque volume in HIV+
men.34 HIV+ studies with both EPCs and subclinical ath-
erosclerosis assessment are needed to support our findings.

This pilot study has several limitations, including a small
sample size that limited our ability to perform multivariate
analysis and decreased our power to detect relationships be-
tween EPCs and inflammatory biomarkers. In addition, the
lack of a control group (HIV- and/or HIV+, ART-naive in-
dividuals) prevents complete interpretation of EPCs values and
comparison of EPC levels by HIV serostatus or ART treatment
status; however, given the accelerated or earlier onset of CVD
in HIV-infected patients, the length of duration of HIV in-
fection and long ART treatment history in this cohort, and the
high CVD risk factor burden, acquisition of well-matched
controls would be difficult and was beyond the scope of this
pilot study. Lastly, our results cannot be generalized to all
patients living with HIV, as only men who were predominantly
white were enrolled in this convenience sample. Despite this
limitation, the dramatically low EPC levels in our participants
compared with previously reported levels in HIV- and youn-
ger HIV+ individuals suggest that a carefully matched control
group will be critical for future studies in this population,
which is our next step. Despite these limitations, our findings
support an association between circulating number of EPCs
and CVD risk in treated HIV infection.

In conclusion, our study reports lower and frequently unde-
tectable EPC levels among older, HIV+, ART-treated men with
high CVD risk factor burden, and potential relationships be-
tween CD34+/KDR+ and CD34+/CD133+/KDR+ EPC subset
frequency and circulating levels of IL-6 and monocyte activa-
tion. Importantly, our data specifically reflect the physiology of
an older group of men with long-standing HIV infection on
suppressive ART, who are at higher CVD risk than previously
studied, younger HIV+ populations. Therefore, weight must be
given to the potential value of our findings, particularly the
frequency of extreme EPC suppression, in this high-risk pop-
ulation. Additional clinical studies are needed to further define
relationships between EPCs, chronic inflammation and immune
activation, and CVD outcomes among older HIV+ adults.
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