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Abstract

Dysregulation of microRNA-21 (miR-21) is independently associated with human 

immunodeficiency virus (HIV) infection, pulmonary arterial hypertension (PAH), and hepatitis C 

virus (HCV) infection. To assess expression of miR-21 in these overlapping comorbidities, we 

measured plasma miR-21 in HIV with and without PAH and then stratified by concomitant HCV 

infection. miR-21 was increased in HIV and HIV-PAH versus uninfected subjects, but did not 

differ between these groups. HIV/HCV co-infection correlated with even higher miR-21 levels 

within the HIV-infected population. These data reveal specific regulation of plasma miR-21 in 

HIV, HIV/HCV co-infection, and PAH and suggest that miR-21 may integrate complex disease-

specific signaling in the setting of HIV infection.
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Introduction

Persons infected with the human immunodeficiency virus (HIV) suffer from numerous co-

morbid conditions, causing complex disease progression. For example, pulmonary arterial 

hypertension (PAH) is a deadly disease with increased prevalence in the HIV-infected 

population 1,2. Additionally, co-infection with hepatitis C virus (HCV) is thought to 

accelerate morbidity in the HIV-infected population and may contribute to the pathogenesis 

of PAH, either related to portopulmonary hypertension or from a direct viral toxicity to the 

pulmonary vasculature 3,4.

MicroRNAs (miRNAs) are non-coding RNA molecules that are implicated as regulators of 

pathogenesis in both HIV and PAH 5–10. In addition, HCV infection dysregulates multiple 

host cell miRNAs, and some reports suggest that disease acceleration in HIV/HCV co-

infection may be modulated by miRNAs 4,11,12. Recently, it was demonstrated that miRNAs 

are stably secreted into the bloodstream at rest 13 and in provocative conditions. Alterations 

in such expression often reflect the fundamental actions of each miRNA 14–16. Thus, 

coordinate regulation of plasma miRNAs by comorbid diseases may reveal specific miRNAs 

as molecular lynchpins of complex pathology.

miR-21 is a ubiquitous and pleiotropic miRNA, and its relative circulating expression in 

patients with HIV, HIV/HCV co-infection, and HIV-PAH may inform our understanding of 

the integrated pathogenesis of these diseases. Intracellular miR-21 is controlled by signaling 

pathways important to HIV and modulates PAH pathogenesis 17–22. Interestingly, plasma 

miR-21 has been identified as a marker of acute lentiviral infection in simian 

immunodeficiency virus 23,24 and is increased in the B-cells and serum of HIV patients prior 

to developing AIDS-associated non-Hodgkin’s lymphomas 25,26. Plasma miR-21 levels are 

also elevated during chronic HCV infection 27.

Given its actions related to HIV, HCV, and PAH, miR-21 may integrate signaling between 

these concomitant diseases, and its release into the circulating plasma may reflect this 

overlapping biology. As a result, we sought to determine whether plasma miR-21 is 

additively regulated by HIV infection and HIV-PAH and whether such alterations are 

further modulated by HCV co-infection.

Methods

Subjects

Three groups of human subjects (HIV alone (without PAH), HIV-PAH, and uninfected 

subjects) were recruited from 1) a cohort of HIV patients with and without PAH at San 

Francisco General Hospital (SFGH), 2) a cohort of HIV-PAH patients at University of 

California, San Francisco (UCSF), and 3) a cohort of uninfected patients without PAH at the 

Massachusetts General Hospital (MGH) and SFGH. Patients were confirmed HIV-infected 

by letter of diagnosis and/or standard ELISA testing. All controls were tested for HIV 

infection and confirmed as HIV-uninfected prior to study enrollment. All subjects gave 

written consent before participation. These methods were approved by institutional review 
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boards at SFGH and UCSF (the Committee on Human Research), as well as MGH (Partners 

Human Research Committee).

Clinical data

Data on past medical history, NYHA status, medications and laboratory data were collected 

both from patient questionnaires and chart review within 1 month of the date of plasma 

collection.

Distance walked on six-minute walk test, right heart catheterization, and echocardiography 

were performed for patients after appropriate consent was obtained as previously 

described 28. Catheterization was performed by cardiologists at UCSF and SFGH hospitals 

using standard equipment and technique.

PAH was defined as a mean pulmonary arterial pressure (mPAP) greater than 25 mmHg 

with a pulmonary capillary wedge pressure less than 15 mmHg by right heart 

catheterization 29.

HCV co-infection was defined as a positive HCV antibody at any time prior to plasma 

collection. Eleven patients did not have HCV antibody titer available.

Measurement of plasma miRNA

Venous blood was collected in standard anticoagulant (EDTA)-treated vacutainer tubes. 

Cellular elements were pelleted in each blood sample following blood draw via 

centrifugation at 2000 × g for 10 min. The supernatant plasma was then aliquoted and 

immediately frozen at −80°C. A miRNA with poor endogenous expression in human plasma 

(hsa-miR-422b mimic, ThermoScientific) was added to plasma samples (4 fmol per 150 μl 

plasma) for quantitative normalization of plasma miRNA levels, as has been standard 

operating procedure in previous work 30. Such a spiked-in control facilitates technical rather 

than biological normalization of expression. Notably, at this time, there is no universal 

consensus for an endogenous biological normalizer for small RNAs in plasma. As 

previously described 31, total RNA extraction was performed using a MicroRNA Extraction 

Kit (Benevbio). Reverse transcription was performed to generate complementary DNA 

(cDNA) representing levels of mature miRNA molecules (MicroRNA Assay Kit, 

ThermoScientific). An Applied Biosystems 7900HT Fast Real Time PCR device was used 

to amplify cDNA using fluorescently labeled Taqman probe and primer sets. Fold change of 

RNA species was calculated using the formula 2(-ΔΔCt) relative to the exogenous 

miRNA-422b mimic. Taqman primer/probes for quantification were used as follows 

(ThermoScientific): hsa-miR-21 [AB 4427975 (000397)], hsa-miR-145-5p [AB 4427975 

(002278)] and hsa-miR-422b [AB 4427975 (000575)].

Statistical Analyses

Using Stata®, logistic and linear regression, ANOVA and student’s T-test were employed. 

For missing data, subjects were excluded from analysis for that variable rather than perform 

an imputation-based estimate.
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Results

A total of 57 HIV-infected and 16 uninfected controls were studied (Table 1). The HIV-

infected patients included 39 HIV-PAH patients [median age 46 years, 79% male, average 

mean pulmonary artery pressure (mPAP) 43 mmHg], 18 HIV-infected patients without PAH 

[median age 51 years, 72% male, 66.7% on antiretroviral therapy (ART)], and 16 uninfected 

individuals [median age 49 years, 62% male]. Among all HIV patients, the median CD4 

count was 484 (322–640) cells/μL, 73% were on ART and 48% of individuals had an 

undetectable HIV RNA level. In the subset of HIV patients without PAH, the median CD4 

count was 500 (366–654) cells/μL, and 44% had an undetectable viral load. In the subset of 

HIV-PAH patients, the median CD4 count was 425.5 cells/μL (IQR 277–632 cells/μL) and 

50% of individuals had an undetectable viral load. The proportion of individuals on ART, 

with an undetectable HIV RNA level, and current CD4 count were similar between HIV 

patients with and without PAH. Traditional cardiovascular risk factors were common in the 

HIV-infected population (including those with and without PAH) and included 40% with 

hypertension, 11% with history of myocardial infarction or stroke, 17% with 

hyperlipidemia, and 75% current smokers. Additionally, among the HIV-positive patients, 

18% reported methamphetamine use and 24% were HCV positive.

Plasma miR-21 was significantly up-regulated in HIV-infected and HIV-PAH individuals 

compared with uninfected controls, although no difference was identified between HIV and 

HIV-PAH (Fig. 1A). Linear and logistic regression demonstrated a correlation of circulating 

miR-21 expression only with HCV co-infection. No other hemodynamic or clinical disease 

characteristics correlated with plasma miR-21 expression (Supplemental Digital Content 1). 

To assess alterations of plasma miR-21 in HIV/HCV co-infected individuals, a subset of the 

original HIV-positive cohort was analyzed, as 11 of the 57 original HIV-infected cohort 

members were missing data for HCV infection and were excluded from this analysis (Table 

1). Importantly, among the remaining HIV-infected subjects (including those with and 

without PAH), circulating miR-21 was increased in individuals with HCV as compared with 

persons without HCV (Fig. 1B). Additional analyses demonstrated that this finding was 

preserved among HIV patients without PAH but was not present among HIV-PAH patients 

(Fig. 1C). Circulating miR-21 was significantly increased in the HIV and HIV-PAH 

populations without HCV as compared to uninfected subjects, indicating that the increased 

prevalence of HCV in the HIV-only population was not the sole explanation for elevated 

circulating miR-21 in HIV-infected individuals (Fig. 1C, Table 1).

To determine the specificity of these changes in plasma miR-21, plasma miR-145 was tested 

in a smaller sub-cohort selected for extremes of mPAP, given its known association with 

PAH pathogenesis 32. Notably, circulating miR-145 expression was increased in HIV-

infected as compared with uninfected controls and displayed a trend toward further increase 

in HIV-PAH compared with HIV infection alone (Fig. 1D). However, unlike miR-21, 

plasma miR-145 was not affected by HCV co-infection (Fig. 1E). Thus, the intricate 

regulation of circulating miR-21 by HCV, HIV, and PAH was specific and displayed a 

pattern distinct from miRNAs not previously associated with HIV or HCV.
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Discussion

Here, we report the increased expression of plasma miR-21 specifically associated with 

HIV, HIV/HCV co-infection, and HIV-associated PAH. We found an increase in plasma 

miR-21 expression in both HIV-infected subjects and HIV-PAH subjects compared with 

uninfected subjects, as well as additive increases in miR-21 with HCV co-infection. Such 

findings have potential implications for our understanding of the complicated and likely 

overlapping pathogenesis of these comorbid diseases.

The specific alterations of plasma miR-21 demonstrated in our study may reflect the 

convergence of complex pathogenic mechanisms of chronic HIV/HCV co-infection. 

Certainly, multiple host miRNAs have been implicated in HIV and HCV 12, but our findings 

may provide mechanistic insight into the additive pathologic effects observed in HIV/HCV 

co-infection 33,34. Possible mediators of this phenomenon could include known targets of 

miR-21 such as programmed cell death 4 (PDCD4) or phosphotensin homologue (PTEN), 

which are involved in liver fibrosis 35 and HCV infection 36,37 as well as T-cell survival and 

death in HIV infection 38,39. Furthermore, the unique and dynamic alterations of plasma 

miR-21 suggest its potential utility as a biomarker reflecting disease progression during 

chronic HIV/HCV co-infection, though prospective studies will be required to investigate 

this.

Interestingly, PAH did not appear to increase plasma miR-21 above levels observed in HIV 

infection alone, and, within the HIV-PAH group, plasma miR-21 was not statistically 

associated with clinical correlates of PAH (Supplemental Digital Content 1). These findings 

are consistent with recent reports of a lack of substantial association of plasma miR-21 with 

clinical markers such as pulmonary artery pressure in non-HIV associated PAH 40. 

Certainly, miR-21 expression is associated with a variety of pathologies and this may detract 

from its utility as a biomarker of single diseases 41. It should be noted that, though plasma 

miRNA expression in some cases has been demonstrated to mimic intracellular patterns, the 

regulation of circulating or plasma miRNAs remains poorly understood. Thus, a lack of 

correlation with clinical markers and the lack of specificity among HIV, HCV and HIV-

PAH comorbidities does not preclude the pathologic importance of this intracellular 

molecule. These findings reflect regulatory overlap between diseases for which miR-21 may 

represent an important molecular intersection.

Analyses of HIV-infected and HIV-PAH subjects suggested that plasma miR-21 may be 

modulated by PAH in HIV/HCV co-infection (Fig. 1C). Certain studies in animal models 

have demonstrated a protective role for miR-21 in PAH, while others reported that miR-21 

antagonism improves PAH pathology, suggesting complex, context-specific disease 

regulation by this molecule 18–22,42. The complexity of such context-dependent expression 

is reflected in our findings. Based on our observations, it appears that PAH may counteract 

the effect of HCV on overall plasma miR-21 expression. Unfortunately, our small sample 

size of HCV-positive patients limits our ability to fully interpret this finding. Further 

analyses are warranted to examine disease-specific miRNA modulation in the setting of 

HIV/HCV co-infection. Importantly, increased miR-21 in HIV/HCV co-infection was 

unique as compared to miR-145, which we also found to be increased in HIV and HIV-PAH 
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as compared to uninfected subjects. Interestingly, this is the first report of increased 

circulating miR-145 in HIV infection or HIV-PAH. Although there is no known mechanistic 

link between HIV and miR-145 expression, there is a report of BMP-receptor down-

regulation in HIV-positive intravenous drug users, which could theoretically lead to 

miR-145 up-regulation and PAH 32,43

Certainly, limitations exist in this cross-sectional study – namely, the lack of prospective 

data. Additionally, although our findings are robust with respect to the HIV/HCV co-

infection group, the relatively small sample size in this pilot study precluded testing 

clinically relevant variables within this group, including markers of HIV disease severity, 

HCV viral load, and additional HIV comorbidities. Additionally, although data in matched 

patients afflicted only with HCV were not available, circulating miR-21 has been reported in 

this group previously 27. Although subjects were not actively matched for all potential 

comorbidities affecting HIV-infected patients, common cardiovascular risk factors did not 

differ between groups, indicating a relatively homogeneous population as least with respect 

to this relatively prevalent HIV comorbidity (Table 1). Moreover, while the addition of a 

cohort of patients from a second clinical site (MGH) in the uninfected control population 

was necessary to improve statistical power, such inclusion could have introduced 

unanticipated confounding variables to the analysis. To allay some of those concerns, we 

found that miR-21 expression did not differ between the MGH and SFGH uninfected 

populations (p=0.37). Lastly, the inclusion of HIV-negative PH and HIV-negative HCV 

comparison groups would provide further information regarding the additive effects of these 

diseases on circulating miR-21 expression and should be investigated in the future.

Nonetheless, taken together, these data provide clear evidence of dysregulation of plasma 

miR-21 during HIV infection, HIV-PAH, and HIV/HCV co-infection. Such modulation is 

distinct for miR-21 and reflects the integration of several comorbid disease processes. Future 

study of plasma miR-21 and other miRNAs is warranted to determine their prognostic 

capabilities and potential biological actions in HIV, a disease whose natural history is driven 

in large part by the overlap and synergy of its comorbidities.
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Figure 1. HIV and its comorbid conditions, HIV-PAH and HIV/HCV co-infection, are associated 
with distinct and overlapping effects on plasma miR-21 expression
A. Plasma miR-21 was increased in HIV and HIV-PAH compared with controls. 

[Uninfected, 1±0.35 fold change (mean±SD); HIV, 6.23±2.07 fold change (p=0.02 vs 

uninfected); HIV-PAH, 4.04±0.65 fold change (p=0.006 vs uninfected and p=0.20 vs HIV)]. 

Plasma miRNA expression in the uninfected population was normalized to a fold change of 

1, to which all other conditions were compared. B. Plasma miR-21 was increased in 

HIV/HCV co-infection. [Uninfected, 1±0.35 fold change; HCV-negative HIV, 3.4±0.56 fold 

change (p=0.007 vs uninfected); HIV/HCV co-infection, 8.72±3.2 fold change (p=0.008 vs 

uninfected and p=0.01 vs HCV-negative HIV)]. C. HCV co-infection increased plasma 

miR-21 expression in HIV infection alone but not HIV-PAH. [Uninfected, 1±0.35 fold 

change; HCV-negative HIV alone, 2.8±0.55 fold change; HCV-co-infected HIV alone 

13.2±5.3 fold change; HCV-negative HIV-PAH, 3.8±0.8 fold change; HCV-co-infected 

HIV-PAH, 3.3±1.0 fold change]. P-values were calculated as follows: HCV–co-infected 

HIV vs uninfected: p=0.001; HCV-negative HIV vs uninfected: p=0.009; HCV-co-infected 

HIV vs HCV-negative HIV: p=0.01. D. Plasma miR-145 was increased in HIV infection and 

displayed a trend toward even higher levels in HIV-PAH compared with HIV. [Uninfected, 

1.0±0.52 fold change; HIV, 16.0±5.2 fold change (p=0.01 vs uninfected); HIV-PAH, 

33.5±9.1 fold change (p=0.004 vs uninfected and p=0.16 vs HIV)]. E. Plasma miR-145 was 

unchanged in HCV-co-infected HIV infection compared with HIV infection alone 

(including patients with and without PAH). [Uninfected, 1±0.52 fold change; HCV-negative 
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HIV, 10.88±3.28 fold change (p=0.02 vs uninfected); HIV/HCV co-infection 10.01±3.00 

fold change (p=0.001 vs uninfected and p=0.87 vs HCV-negative HIV)].
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