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INTRODUCTION

M icroRNAs (miRNAs) have been implicated in host cell
innate immunity and HIV-1 infection. A number of

collected from the hea
tive control. Because
miRNAs,9,14 including
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Abstract: A number of cellular microRNAs (miRNAs) have been

identified to have the ability to inhibit HIV-1 replication. In this study,

we examined the impact of combination antiretroviral therapy (cART)

on the expression of HIV-1 restriction miRNAs in peripheral blood

mononuclear cells of HIV-1–infected men who have sex with men

(MSM). Compared with male healthy donors, HIV-infected MSM had

significantly lower levels of 9 HIV-1 restriction miRNAs. The treatment

of HIV-1–infected MSM with cART, however, failed to restore the

levels of these miRNAs in peripheral blood mononuclear cells. These

observations suggest that the suppression of the cellular restriction

miRNAs by HIV-1 may attribute to the virus latency during cART.

(Medicine 94(46):e2116)

Abbreviations: ACC = AIDS Care Center, cART = combination

antiretroviral therapy, miRNAs = microRNAs, MSM = men who

have sex with men, PBMCs = peripheral blood mononuclear cells,

SD = standard deviation.
i Tang, MS, Ming D,
D, MPH, and Wang Zhou, MD, PhD

cellular miRNAs can modulate HIV-1 replication through
directly or indirectly targeting HIV-1 RNA or mRNAs that
encode HIV-related host cell factors.1 Research from different
laboratories have shown that miR-28, miR-125b, miR-150,
miR-198, miR-223, miR-382, miR-29a ,2 miR-29b,1 and
miR-29c3 have the ability to inhibit HIV-1 replication in
CD4þ T cells and macrophages by several mechanisms.1 The
miRNAs can suppress HIV expression by directly targeting 3’-
UTR (miR-28, miR-125b, miR-150, miR-223, and miR-382)1,4

or nef (miR-29a/b/c)1,5,6 of the HIV genome, or by indirectly
targeting the mRNA of Cyclin T1 that stimulates HIV-1 pro-
duction in the infected cells (miR-198, miR-150, miR-223, and
miR-29b).1,7,8 Conversely, HIV-1 infection can alter the
miRNA expression profiles in the circulating blood cells from
the infected individuals.1,6,9,10 Given the importance of the
cellular restriction miRNAs in the host cell innate immunity
against HIV-1 infection, it is of great interest to determine
whether HIV-1 infection inhibits the expression of these cellular
miRNAs in peripheral blood mononuclear cells (PBMCs). More
importantly, it is clinically significant to determine whether
combination antiretroviral therapy (cART) can restore HIV-1–
mediated suppression of cellular viral restriction miRNAs.

MATERIALS AND METHODS

Participants
This study is the part of our ongoing program at Wuhan

Centers for Disease Prevention and Control (Wuhan CDC),
investigating the treatment adherence and the health outcomes
in men who have sex with men (MSM) with HIV/AIDS.11 MSM
were found to have high rate of HIVinfection in Wuhan city.12 To
study the impact of ARTon the levels of HIV restriction miRNAs
in PBMCs, 17 MSM with HIV-1 infection and 16 age-matched
male healthy donors were enrolled for this study. The demo-
graphic and clinical characteristics of the study participants are
shown in Table 1. All the patients with HIV-1 infection were
treated with TDFþ 3TC þ EFV (16 patients) or AZTþ 3TC þ
NVP (1 patient) according to the China free ART manual.13

Health screening was conducted before and during the cART. The
study was approved by the Ethics Committee of Wuhan Centers
for Disease Prevention and Control, and informed consent was
obtained from all the participants of this study.

Blood Sampling
Blood specimens were collected from the study partici-

pants with HIV-1 infection before and after 6-month cART.
Absolute CD4þ T-cell counts and plasma HIV-1 loads were
tested as described previously.12 Blood samples were also
lthy volunteers, which served as a nega-
PBMCs are enriched with the cellular
the HIV-1 restriction miRNAs,4,15 we
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TABLE 1. Demographic and Clinical Characteristics of HIV-1–infected Men Who Have Sex With Men (MSM) and Male Healthy
Donors

Characteristics HIV-1–infected MSM (n¼ 17)§ Male Healthy Donors (n¼ 16)

Age (mean�SD, y)
�

30.64� 6.27 25.87� 7.78
Age (range, y) 24–44 21–47
Drugs of abuse None None
CD4þ T-cell countsy —

pre-cART (cells/mL) 323� 135
cART (cells/mL) 455� 204

HIV-1 load —

pre-cART (copies/mL) 73200� 19000
cART (copies/mL)z 30� 72

Treatment
TDF þ 3TC þ EFV 16 —

AZT þ 3TC þ NVP 1 —

ALT (IU/mL) 28.2� 18.9 —

AST (IU/mL) 26.9� 16.5 —

ALT¼ alanine transaminase, AST¼ aspartate transaminase, AZT¼ zidovudine, cART¼ combination antiretroviral therapy, EFV¼ efavirenz,
MSM¼men who have sex with men, NVP¼ nevirapine, TDF¼ tenofovir, 3TC¼ lamivudine.�

No significant difference was found between HIV-1–infected MSM and healthy donors (P¼ 0.0609).
yThere was significant difference of the CD4þ T-cell count between pre-cART and cART (P¼ 0.0041).
z cted

cell
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isolated PBMCs from the blood specimens of the study partici-
pants by standard Ficoll-Paque density gradient centrifu-
gation.2,16

RNA Extraction and RT-Quantitative PCR
Total cellular RNA, including miRNA, was extracted from

PBMCs using the TRI Reagent (Molecular Research Center,
Clicinnati, OH) according to the manufacturer’s instruction.
The expression of miRNAs in PBMCs was analyzed by miS-
cript Primer Assays (GIAGEN Sciences, MD). Total RNA
(1 mg) was reversely transcribed with a RT kit (miScript II
RT Kit, QIAGEN). cDNA (1.5 mL) was subjected for the real-
time PCR analysis of miRNA using SYBR Green detection
(miScript SYBR Green PCR Kit, QIAGEN). The cellular
miRNAs (miR-125b, miR-223, miR-150, miR-382, miR-28,
miR-29a, miR-198, miR-29b, and miR-29c) were measured.
Glyceraldehydes-3-phosphate dehydrogenase (GAPDH)
mRNA was used as an endogenous reference to normalize
the quantities of target miRNAs.

Statistical Analysis
When appropriate, data were expressed as mean� stan-

standard deviations (SDs). For comparison of the mean of 2
groups (HIV-1–infected vs health control), unpaired Student t
test was used for statistical significance, whereas paired Student
t test was applied for the comparison of HIV-1–infected MSM
before and after cART. Statistical analyses were performed with
GraphPad Instat statistical software (GraphPad Software). Stat-
istical significance was defined as a P value <0.05.

RESULTS

Nine of 17 HIV-1–infected MSM had viral loads of target not dete
§ Among 17 infected patients, only 2 had CD4þ T-cell counts <200
Participants
The study participants with HIV-1 infection had a mean

age of 30.64� 6.27 (24–44) years, which was insignificant to

2 | www.md-journal.com
the healthy donors (25.87� 7.78 y, P¼ 0.0609) (Table 1). The
HIV-1–infected patients had a mean CD4þ T-cell counts of
323� 135 cells/mL (ranged 62–670 cells/mL) and plasma HIV-1
load of 73,200 copies/mL (ranged 1300–790,000 copies/mL).
Only 2 participants had CD4þ T-cell counts <200 cells/mL,
and above 50% of participants (9/17) had CD4þ T-cell counts
above 350 cells/mL. With 6-month cART, all the participants had
a significant increase in CD4þT-cell counts (455� 204 cells/mL;
P¼ 0.0041) and decrease in plasma HIV-1 load (30� 72 copies/
mL) (Table 1).

cART Fails to Restore HIV-1 Infection-mediated
Suppression of the Restriction miRNAs

A number of miRNAs have been identified to have anti-
HIV-1 effects by different laboratories.1–3 We therefore
examined the levels of these HIV-1 restriction miRNAs in
PBMCs of HIV-1–infected individuals and control participants.
As shown in Figure 1, the patients with HIV-1 infection had
significantly lower levels of 9 miRNAs than the control partici-
pants (P< 0.05). The 6-month treatment of the infected patients
with cART resulted in the increase of CD4þ T-cell numbers and
the decrease of plasma HIV-1 loads (Table 1). However, cART
had little or negative impact on the levels of the HIV-1
restriction miRNAs in PBMCs of the HIV-infected MSM
(Fig. 1).

Correlations of HIV-1 Restriction miRNAs with
CD4R T Cells and Viral Loads

CD4þ T-cells count and plasma HIV-1 load are the key
indicators of the progression of HIV-1 disease.12 Thus, we
examined whether there is an association between the levels
of miRNAs and CD4þ T-cell counts or plasma HIV-1 load. Out

(TND), which were set as 0 copies/mL.
s/mL.
of the 9 miRNAs tested, the levels of 4 miRNAs (miR-150,
miR-29a, miR-29b, and miR-29c) in PBMCs of HIV-1–
infected individuals before cART were significantly correlated
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FIGURE 1. The expression of cellular HIV-1 restriction miRNAs in PBMCs of 17 HIV-1–infected MSM before (pre-cART) or after 6-month
do
se

Medicine � Volume 94, Number 46, November 2015 miRNAs in HIV-1-infected MSM
with CD4þ T-cell counts (Fig. 2). However, the treatment with
cART diminished the correlation between the levels of the

cART, when compared with that of 16 age-matched male healthy
antiretroviral therapy, miRNA¼microRNA, MSM¼men who have
miRNAs and CD4þ T-cell counts (Fig. 2). There was no

correlation, however, between the levels of miRNAs and
HIV-1 loads before or after cART (data not shown).

DISCUSSION
Cellular miRNAs participate in host cell innate immunity

against viral infections, including HIV-1.4,15 Huang et al4

reported that 5 cellular miRNAs play a key role in controlling
HIV-1 latency in resting CD4þ T cells. We demonstrated that
4 of these 5 HIV-1 restriction miRNAs are enriched in
monocytes as compared to monocyte-derived macrophages,
which contributes to differential susceptibilities of these cells
to HIV-1 infection in vitro.15 In the present study, we assayed
the expression of the HIV restriction miRNAs in PBMCs of
HIV-1–infected MSM before and after cART. We found that
HIV-1–infected MSM had significantly lower levels of the

HIV-1 restriction miRNAs in PBMCs. In addition, the treat-
ment of HIV-1–infected MSM with cART did not restore the
levels of these miRNAs in PBMCs. On the contrary, the

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
patients treated with cART for 6 months showed even lower
levels of the miRNAs (miR-125b, miR-382, miR-28, miR-29a,
and miR-198) in PBMCs than those before cART. These
findings are clinically significant as they provide a mechanism
for the clinical observation that HIV-1 DNA could be still
detected in peripheral system such as PBMC despite cART for
as long as 12 months17 or 18 months.18 Given the prominent
role of the miRNAs in the host cell innate immunity against
HIV-1, the down-regulation of the HIV-1 restriction miRNAs
in PBMCs is likely to associate with virus latency in the target
cells.17,18

The mechanisms of HIV-1 infection-mediated suppression
of the HIV-1 restriction miRNAs remain to be determined. With
the limited numbers of the study participants, we did not
observe the correlation between viral loads and the levels of
the HIV restriction miRNAs. The lack of the association
between the viral load and the miRNAs could be to due to
the fact that HIV-1 loads are from not only PBMCs but also
lymphoid tissues, such as those from gastrointestinal system.

nors. �P<0.05, ��P<0.01, ���P<0.001. cART¼combination
x with men, PBMC¼peripheral blood mononuclear cell.
However, we did observe a positive correlation between CD4 T-
cell counts and some of the HIV restriction miRNAs (Fig. 2),
suggesting that the HIV restriction miRNAs are indeed involved
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in the host immune response to HIV infection. Although cellular
and molecular mechanisms for HIV-1 persistence on cART
remain to be determined, our observation that cART failed to
restore the levels of the HIV-1 restriction miRNAs in PBMCs of
HIV-1–infected MSM provides the clinical evidence to support
the possibility that the intracellular HIV-1 restriction miRNAs
are involved in the elimination of the virus in the target cells.
However, our study, with limited clinical specimens, argues for
more extensive research to determine the role of the cellular
miRNAs in the immunopathogenesis of HIV-1 disease.
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