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Abstract

Background—Endothelial progenitor cells (EPCs) are bone marrow-derived cells that contribute 

to vascular repair. EPCs may be reduced in HIV-infected (HIV+) persons, contributing to 

cardiovascular disease (CVD). Telmisartan is an angiotensin receptor blocker that increases EPCs 

in HIV-uninfected adults.

Objective—To assess telmisartan’s effects on EPC number and immunophenotype in older HIV+ 

adults at risk for CVD.

Methods—HIV+ persons ≥50 years old with HIV-1 RNA <50 copies/mL on suppressive 

antiretroviral therapy and ≥1 CVD risk factor participated in a prospective, open-label, pilot study 

of oral telmisartan 80mg daily for 12 weeks. Using CD34 and CD133 as markers of early maturity 

and KDR as a marker of endothelial lineage commitment, EPCs were quantified via flow 

cytometry and defined as viable CD3−/CD33−/CD19−/glycophorin− cells of four 

immunophenotypes: CD133+/KDR+, CD34+/KDR+, CD34+/CD133+, or CD34+/KDR+/CD133+. 

The primary endpoint was 12-week change in EPC subsets (NCT01578772).
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Results—Seventeen participants (88% men, median age 60 years and peripheral CD4+ T 

lymphocyte count 625 cells/mm3) enrolled and completed the study. After 6 and 12 weeks of 

telmisartan, frequencies of all EPC immunophenotypes were higher than baseline (all p<0.10 

except week 12 CD133+/KDR+ EPC, p=0.13). Participants with lower baseline EPC levels had the 

largest gains. Additionally, the percentage of CD34+ cells with endothelial commitment (KDR+) 

increased.

Conclusions—Our data suggest that telmisartan use is associated with an increase in circulating 

EPCs in older HIV+ individuals with CVD risk factors. Further controlled studies are needed to 

assess whether EPC increases translate to a reduction in CVD risk in this population.
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Introduction

The balance between endothelial damage and repair determines progression of endothelial 

dysfunction and cardiovascular disease (CVD). Endothelial progenitor cells (EPCs) are bone 

marrow-derived cells that are released in response to vascular injury and participate in 

vascular repair.1 Specifically, EPCs are involved in re-endothelialization and neo-

angiogenesis following vascular damage.1–4 Endogenous mobilization and/or systemic 

infusion of EPCs following vascular injury leads to improved re-endothelialization, 

improved endothelial function and reduced development of atherosclerosis in animal and 

human studies.4–7 Additionally, perturbations in circulating EPC levels have been associated 

with traditional CVD risk factors, atherosclerotic burden and cardiovascular events, with 

most studies associating lower EPC levels with increased current and future CVD risk.8–13

HIV-1-infected individuals are at increased risk of CVD events compared to HIV-uninfected 

individuals,14,15 but the contribution of EPCs to this risk is unclear.16 While decreased EPC 

quantity17 or functionality may contribute, the mechanisms by which the virus and/or 

antiretroviral therapy (ART) may modulate EPCs are not fully understood. However, it is 

known that HIV-1 can infect EPCs,18–20 and cumulative nucleoside reverse transcriptase 

inhibitor (NRTI) and protease inhibitor (PI) exposures have been cited as potential risk 

factors for EPC depletion.21 Additionally, HIV-1 can be found in bone marrow and infect 

hematopoietic stem cells.22 Most mechanistic studies of CVD risk in HIV-infected 

individuals have assessed endothelial dysfunction using subclinical or clinical cardiovascular 

imaging modalities or inflammatory biomarker surrogates,23,24 leaving the effects of clinical 

interventions on EPCs under-explored.

Telmisartan, an angiotensin receptor blocker (ARB) and peroxisome proliferator-activated 

receptor-gamma (PPAR-γ) agonist approved for the treatment of essential hypertension, has 

been shown to improve insulin glucose homeostasis and fasting lipid parameters,25,26 

vascular inflammation and vascular function in predominantly HIV-uninfected adults with 

essential hypertension.25–28 Importantly, while telmisartan has been shown to increase 

circulating EPC numbers in predominantly HIV-uninfected adults with CVD risk 

factors,29–31 its effects on EPCs in HIV-1-infected persons are unknown. We explored the 
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effect of standard dose telmisartan on EPC subsets among older HIV-1-infected adults on 

suppressive ART with traditional CVD risk factors, to test the hypothesis that telmisartan 

would increase circulating EPC numbers in this population.

Methods

Participants

Participants were enrolled into a twelve-week, prospective, open-label, pilot study between 

October 2012 and July 2013 at the University of California, Los Angeles (UCLA) Center for 

Clinical AIDS Research and Education under a protocol approved by the UCLA institutional 

review board. All subjects provided written informed consent prior to initiation of study 

procedures. Inclusion criteria included: HIV-1 infection, age ≥50 years, plasma HIV-1 RNA 

<50 copies/mL at screening and for twelve weeks prior to entry, stable ART for twelve 

weeks prior to entry, systolic blood pressure (SBP) >110 mmHg and one or more traditional 

CVD risk factor (smoking, controlled hypertension, hyperlipidemia, diabetes mellitus). 

Family history of CVD alone was not sufficient for entry. Exclusion criteria included: 

uncontrolled hypertension (defined as SBP >140 mmHg or diastolic blood pressure [DBP] 

>90 mmHg); current use of any other ARB, nelfinavir or etravirine in the ART regimen (due 

to potential interactions with telmisartan); untreated renal artery stenosis; unstable heart 

disease; active, untreated opportunistic and/or AIDS-defining illness; absolute neutrophil 

count <750 cells/mm3; hemoglobin <10 g/dL; creatinine clearance <30 mL/min; aspartate 

transaminase or alanine transaminase greater than three times the upper limit of normal; 

need for ongoing potassium supplementation; and history of intolerance to any member of 

the ARB class of agents. Participants on stable doses of angiotensin converting enzyme 

inhibitors, lipid-lowering agents, thiazolidinediones and/or insulin-sensitizing agents for at 

least twelve weeks prior to entry were permitted to enroll, but asked not to titrate these 

medications during the study period. The study protocol is registered at clinicaltrials.gov 

(NCT01578772).

Intervention

Enrolled participants received open-label telmisartan 80mg by mouth daily for twelve 

weeks. Blood was collected for EPC assessment at weeks 0, 6 and 12. All assessments 

occurred in the fasting state (nothing to eat or drink except water or medications for at least 

eight hours).

Flow cytometry

EPCs were quantified using multicolor flow cytometry32,33 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), 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,16 EPCs were defined as viable CD45− 
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(or dim)/CD3−/CD33−/CD19−/glycophorin− cells with one of the following four 

immunophenotypes: CD133+/KDR+, CD34+/KDR+, CD34+/CD133+ or CD34+/KDR+/

CD133+. These marker combinations were chosen as they provided the best balance of 

sensitivity and specificity during extensive methodology validation in our lab. While 

CD34+/KDR+ EPCs are commonly reported in the literature, EPCs can be defined by a 

variety of cellular markers. Additionally, CD34+/KDR+/CD133+ cells are rare in circulation 

but highly specific for EPC lineage, and were measured to ensure stringency of technique. 

Finally, the subset of CD34+ cells was further examined to determine whether telmisartan 

therapy preferentially altered frequency of cells with progenitor capacity/immaturity 

(CD133+), cells with endothelial commitment (KDR+) or both (CD133+KDR+).

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 

prior to each analysis, and Rainbow beads (Spherotech, Lake Forest, IL) to standardize 

instrument settings between sampling 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 negative 7-aminoactinomycin D staining) were included. Data were 

analyzed in FlowJo software, version 9.3.3 (Treestar, Ashland, OR). EPCs values are 

expressed per 105 PBMC.

Outcomes and adverse events

The primary endpoint was the median, within-person, twelve-week change in EPC subset 

number. Secondary endpoints were the absolute six- and twelve-week EPC changes, and six-

week changes in EPC subset number. Secondary safety endpoints included reporting of all 

Grade ≥3 clinical events and Grade ≥2 lab abnormalities as adverse events. Grades were 

determined using the Division of AIDS Table for Grading the Severity of Adult and 

Pediatric Adverse Events (Version 1.0, December 2004).

Statistical analyses

A descriptive analysis of baseline characteristics and clinical events is presented. Continuous 

variables are reported as median and interquartile range (IQR), and nominal data as absolute 

values and percentages. Statistical analyses were performed using the Mann-Whitney U-test 

to determine association between clinical and demographic data and outcomes variables, and 

using the Wilcoxon signed rank test for pairwise comparisons. Due to the exploratory nature 

of the analyses, statistical significance was defined using a two-sided alpha level of 0.10. 

Similarly, all analyses were exploratory without adjusting for multiple testing. Due to the 

small sample size (n=17), multivariate analysis was not feasible.

Results

Study population

Twenty-three potential participants screened, and seventeen met inclusion criteria and were 

enrolled. All participants completed the twelve-week study period. Baseline demographic, 

clinical and biological characteristics are detailed in Table 1. Participants were 

predominantly male (88%). Median age was 60 years, with time since diagnosis of HIV-1 
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infection 19 years and CD4+ T lymphocyte count 625 cells/mm3. Twenty-nine percent had a 

pre-existing AIDS diagnosis. Regarding ART use, 71% were receiving a PI, 29% a non-

NRTI (NNRTI), 29% abacavir and 65% tenofovir. CVD risk factor profile included 18% 

current tobacco use, 12% diabetes mellitus, 65% hypertension and 82% hyperlipidemia.

Of note, participants were predominantly normotensive at baseline and had no changes in 

their CVD risk profile during the study period. Baseline CVD risk factor prevalence was not 

consistently associated with EPC number. While current smokers did have fewer 

CD133+/KDR+, CD34+/KDR+ and CD34+/KDR+/CD133+ EPCs, only three participants 

reported current smoking (data not shown).

No treatment discontinuations or adverse events related to telmisartan therapy occurred over 

the twelve-week study period. Due to scheduling issues, twelve of seventeen participants 

had their week 12 fasting blood sampling performed after the end of study treatment 

(average time off telmisartan prior to blood draw 8.7 days). One subject was excluded from 

the week 12 analyses due to an escalation of statin dose between weeks 6 and 12. However, 

a supplemental analysis including this participant at week 12 was performed, and did not 

change results (data not shown).

Changes in EPC subsets after twelve weeks of telmisartan administration

Absolute values and median within-person changes of EPC subsets over twelve weeks are 

reported in Table 2. After six weeks, all EPC subsets increased from baseline, including 

when changes were calculated both as absolute frequencies and as percentages of total 

PBMCs (p< 0.10). After twelve weeks, EPCs remained increased from baseline, with 

twelve-week changes retaining statistical significance except for CD133+/KDR+ EPCs 

(p=0.13). Twelve-week changes in EPC subsets are illustrated in Figure 1. Of note, twelve-

week EPC increases were greater among participants with baseline EPC values below the 

median (p<0.05 vs participants with baseline EPCs above the median for all EPC sub-types 

except CD133+/KDR+, Figure 2).

Additionally, among CD34+ cells, the frequency of the maturity marker CD133 remained 

stable while an increase in the frequency of the endothelial commitment marker KDR was 

observed (Table 2). Participants had similar median twelve-week EPC increases regardless 

of telmisartan continuation or discontinuation at the time of the blood analysis (data not 

shown), suggesting that EPC bone marrow mobilization was not immediately affected by 

telmisartan cessation. Log transformation of EPC changes resulted in similar findings. 

Finally, in sub-group analyses, neither six- nor twelve-week changes in EPC numbers varied 

by race or CVD risk factor profile, although variability was high and sample sizes were 

small (data not shown).

EPC subset analyses by ART type

Although this study was not powered for subset analyses, abacavir-treated participants had 

higher baseline numbers of KDR+ EPCs than non-abacavir-treated participants 

(CD133+KDR+: 9.1 vs 5.2 per 105 PBMCs, p=0.33; CD34+KDR+: 15.8 vs 0.9 per 105 

PBMCs, p=0.44; CD133+34+KDR+: 4.1 vs 0.6 per 105 PBMCs, p=0.28), a finding not 

present when data were stratified by tenofovir vs non-tenofovir use. These absolute 
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differences, while large in effect size, did not reach statistical significance in the small 

numbers of participants within subsets. Abacavir users also had smaller twelve-week 

increases in KDR+ EPCs with telmisartan therapy than non-abacavir users (CD133+KDR+: 

1.2 vs 30.6 per 105 PBMCs, p=0.45; CD34+KDR+: 5.6 vs 10.3 per 105 PBMCs, p=0.95; 

CD133+34+KDR+: 4.2 vs 7.8 per 105 PBMCs, p=0.78), although this finding was also 

present when tenofovir and non-tenofovir users were compared (CD133+KDR+: 13.1 vs 

147.5 per 105 PBMCs, p=0.44; CD34+KDR+: 2.7 vs 44.8 per 105 PBMCs, p=0.07; 

CD133+34+KDR+: 1.4 vs 55.5 per 105 PBMCs, p=0.91). Additionally, only one participant 

was on an NRTI-sparing regimen, creating difficulty in discerning NRTI effects from 3rd 

agent effects.

PI-treated participants had more similar baseline EPC numbers to non-PI-treated participants 

(CD133+KDR+: 8.2 vs 8.0 per 105 PBMCs, p=0.80; CD34+KDR+: 2.7 vs 1.0 per 105 

PBMCs, p=0.80; CD133+34+KDR+: 1.3 vs 0.3 per 105 PBMCs, p=0.65). However, twelve-

week increases in KDR+ EPCs with telmisartan therapy were smaller for PI than non-PI 

users (CD133+KDR+: 5.6 vs 45.1 per 105 PBMCs, p=0.51; CD34+KDR+: 4.7 vs 15.9 per 

105 PBMCs, p=0.91; CD133+34+KDR+: 3.7 vs 11.2 per 105 PBMCs, p=0.83).

Discussion

In this small, single arm, pilot study, increased circulating EPCs were observed following 

twelve weeks of telmisartan therapy in older HIV-1-infected adults with traditional CVD 

risk factors on suppressive ART. To our knowledge, our study is the first to demonstrate 

therapeutic EPC modulation in HIV-1-infected persons. Our data are also unique in that they 

target an older subset of HIV-1-infected persons with both a long median duration of HIV-1 

infection (as opposed to most other EPC studies in HIV16) and traditional CVD risk factors 

but without known CVD. Importantly, we observed the greatest EPC increases among the 

CD34+/CD133+/KDR+ sub-population, which are rare in circulation, highly specific for 

endothelial lineage, and the most stringent of our four panels for defining EPCs.

We also observed larger EPC increases among participants with baseline EPC numbers 

below vs above the median. While lower EPC numbers have been associated with CVD 

morbidity and mortality in the general population, our ability to modulate EPCs in older 

HIV-1-infected adults at risk for but without known CVD is notable and suggests that, if 

confirmed in a controlled study, telmisartan therapy could reduce CVD risk in this 

population. Finally, we observed an increase in endothelial lineage commitment (KDR+) 

among EPC subsets during telmisartan therapy. This finding is consistent with data on 

telmisartan in HIV-1-uninfected persons: Pellicia et al.30 demonstrated increases only in 

EPC sub-types with endothelial commitment among participants with known coronary artery 

disease treated with telmisartan vs placebo. Other ARBs have also been reported to increase 

CD34+/KDR+ and CD34+/CD133+/KDR+ cell numbers.34,35 Notably, the effects of ARBs 

on EPCs is not believed to be wholly attributable to their anti-hypertensive properties, as 

EPC effects also occur in normotensive patients (as in our study).30 Specifically, telmisartan 

may delay EPC senescence via angiotensin receptor blockade36 and promote EPC 

proliferation, migration37 and differentiation38 by serving as a PPAR-ɣ agonist.39–43
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While this study was not powered to address this issue, we hypothesized that participants on 

different ART agents would have varying EPC responses to telmisartan therapy. Specifically, 

we hypothesized that abacavir- and PI-treated-participants would have smaller increases due 

to potential associations of these drugs with CVD risk.44–49 Interestingly, abacavir-treated 

participants had higher baseline numbers of EPCs with endothelial lineage commitment than 

non-abacavir-treated participants, and both abavacir-treated and PI-treated participants had 

smaller EPC increases with telmisartan therapy than non-abacavir- and non-PI-treated 

participants (even when comparing subsets of PI-treated participants treated with and 

without abacavir to assess overlap, data not shown). A potential explanation is that abacavir- 

and/or PI-induced endothelial toxicity create a stimulus for KDR+ EPC production that 

cannot be altered by telmisartan. While these findings give only preliminary insight into 

possible relationships between ART and EPCs, they provide a direction for future 

interventions and investigations.

Our pilot study has several limitations, including its small sample size, the wide range of 

observed EPC values, the poorly understood biologic variability of EPCs over time in HIV-

infected persons, and the lack of concomitant clinical estimates of CVD (such as arterial 

flow-mediated dilatation or carotid intima media thickness) to provide a clinical correlate of 

CVD risk. Moreover, the lack of a placebo-controlled comparator arm prevents direct 

comparison of the twelve-week effects of telmisartan therapy to the natural history of EPC 

variation in older HIV-1-infected persons on suppressive ART with known CVD risk factors. 

Additionally, our study was not designed to explore the effects of telmisartan on EPC 

function, although our data suggesting quantitative EPC increases underscores the 

importance of addressing this question as a next step. Finally, EPCs are a heterogeneous 

population of cells, and methods for EPC isolation and identification lack standardization in 

the published literature, limiting comparisons to other studies that used different techniques 

(for example, culture-derived EPCs).16,50 Despite these limitations, we demonstrated both a 

consistent increase in EPC number and commitment to endothelial lineage during exposure 

to telmisartan, and begin to explore possible ART effects on EPCs, both of which are 

important to developing CVD prevention and treatment strategies for HIV-1-infected 

persons.

Conclusions

This pilot study demonstrated that twelve weeks of standard dose telmisartan therapy was 

associated with increased EPC numbers and EPC commitment to endothelial lineage in 

older HIV-1-infected individuals with traditional CVD risk factors. This study is the first to 

assess telmisartan’s effects on EPCs in HIV infection, and suggests that vascular reparative 

capacity can be modulated in chronic, treated HIV infection. This intervention may represent 

a strategy for CVD prevention by enhancing vascular reparative capacity and slowing 

atherosclerosis progression in HIV-1-infected adults. Larger, randomized studies are needed 

to confirm our findings and associate observed effects with clinical surrogates of CVD 

burden, with the goal of defining telmisartan’s role as an agent for endothelial preservation 

in treated HIV infection.
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Figure 1. 
Twelve-week changes in EPC number.

Lake et al. Page 12

HIV Clin Trials. Author manuscript; available in PMC 2017 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. Twelve-week changes in EPC number stratified by baseline EPC number above (high) 
vs below (low) the median value.*
*Results shown as mean ± standard error.

Lake et al. Page 13

HIV Clin Trials. Author manuscript; available in PMC 2017 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Lake et al. Page 14

Table 1

Baseline demographic and clinical characteristics.

Participants N=17

Sex

 Male 88 (15)

 Female 12 (2)

Ethnicity

 African American 24 (4)

 Hispanic 41 (7)

 White 35 (8)

Age (years) 60 (54, 63)

BMI (kg/m2) 27 (27, 30)

Current tobacco use 18 (3)

Blood Pressure (mmHg)

 Systolic 130 (122, 138)

 Diastolic 72 (66, 83)

Framingham risk score (%) 10 (7,12)

CD4+ T lymphocyte count (cells/mm3) 625 (413, 729)

PI 71 (12)

Atazanavir/ritonavir 18 (3)

Atazanavir 18 (3)

Darunavir/ritonavir 18 (3)

Fosamprenavir/ritonavir 6 (1)

Lopinavir/ritonavir 12 (2)

NNRTI 29 (5)

Efavirenz 24 (4)

Nevirapine 6 (1)

NRTI 94 (16)

Abacavir 29 (5)

Emtricitabine 59 (10)

Lamivudine 29 (5)

Tenofovir 65 (11)

Zidovudine 6 (1)

Integrase Inhibitor (raltegravir) 29 (5)

Entry inhibitor (maraviroc) 6 (1)

Diabetes a 12 (2)
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Participants N=17

Hypertension a 65 (11)

Hyperlipidemia a 82 (14)

Lipodystrophya, b 18 (3)

Values are expressed as median (interquartile range) or n (%)

a
Defined as self-reported diagnosis or on-therapy at baseline

b
Defined as self-report of isolated lipoatrophy or lipohypertrophy or mixed lipoatrophy/lipohypertrophy

BMI: body mass index; PI: Protease inhibitor; NNRTI: non-nucleoside reverse transcriptase inhibitor; NRTI: nucleoside reverse transcriptase 
inhibitor
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