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In patients with human immunodeficiency virus (HIV) and hepatitis C virus (HCV) co-infection, HIV can mod-
ulate HCV replication and immune response as well as accelerate liver fibrosis. The role of miRNA in HIV/HCV
co-infection is not fully elucidated. The aim of this study was to examine the differential expression of miRNAs
in the liver.

Thirteen patients who had undergone a liver transplant (7 HCV-infected and 6 HIV/HCV-co-infected patients)
were examined using a miRNA array containing 1347 human miRNAs. To confirm the microarray results, data
for 20 patients (10 HCV-infected and 10 HIV/HCV-co-infected) were validated using real-time polymerase chain
reaction probing for miR101b, miR149, and miR200c. This miRNA was selected based on microarray results and
its biological significance in liver fibrosis.

Microarray analysis revealed 22 miRNAs that were differentially expressed in the HIV/HCV-co-infected group
compared to the HCV-infected group (p<0.05). The expression of miR-101b and miR149 was significantly de-
creased in the HIV/HCV-co-infected group compared to that in the HCV-infected group (miR101b, 0.103+0.09
vs. 0.0157+0.0093, p=0.007; miR149, 0.15240.159 vs. 0.0192+0.015, p=0.025).

HIV/HCV co-infection may promote liver fibrosis by modulating miRNA expression.

Hepatitis C Antibodies ¢ Hepatitis, Viral, Human ¢ Liver Cirrhosis
HCV - hepatitis C virus; HIV — human immunodeficiency virus; miRNA — microRNA; PCR - polymerase
chain reaction; HAART - highly active antiretroviral; IFN — interferon; FFPE — formalin-fixed paraffin-em-

bedded; PBMC - peripheral blood mononuclear cells
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Background

Co-infection of hepatitis C virus (HCV) and human immuno-
deficiency virus (HIV) is frequently seen due to their common
routes of transmission [1,2]. With the development of high-
ly active antiretroviral therapy (HAART), prognosis of patients
with HIV has improved, allowing for a life expectancy compa-
rable to that of the general population [3,4]. However, HCV-
HIV-co-infected patients show rapid progression of fibrosis
and a higher mortality rate than patients infected with HIV or
HCV alone [5-7]. However, it remains unclear how these 2 vi-
ruses interact with each other.

MicroRNAs (miRNAs) are small-sized RNAs (21 to 25 bp in
length) that regulate protein-coding genes by translational sup-
pression or transcript degradation [8]. A recent study demon-
strated that miRNAs influence the infection, replication, and
host immune response to HCV [9]. MiR-122, the most abun-
dant miRNA found in the liver, positively regulates HCV viral
replication. We previously reported that miR-122 is associat-
ed with the interferon (IFN) response and could be a useful
marker to predict the outcome of IFN therapy [10]. Moreover,
miR-27-a is elevated in the HCV-infected liver and can inhibit
HCV replication by regulating lipid metabolism [11].

Table 1. Clinical features of patients.

Age (years) 34.1+7.4
 ChidPughscore 11915
 MELDscore 259t104
ST 805302
A sans1
 Protronbin time (INR) 3248221
© Abumin 28104

2 patients were treated with

interferon

HCV genotype 3 patients: 1a; 2 patients: 1b
1 patient: 1a+1b, 1 patient: 2a
1 patient: 2a+2b;
2 patients: 1b+3a

HCV RNA (log IU/mL) 5.0+0.7

HIV load (copy/ml) 2.7+¢1.9

CD4 count (/pl) 273+231
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With regard to HIV infection alone, miR-223 and miR-150 have
been reported to inhibit HIV replication [12]. Several previous
studies have investigated miRNAs in patients infected with
HIV or HCV alone. However, no reports are available regard-
ing the difference between end-stage liver miRNA expression
in HIV/HCV co-infected and only HCV-infected groups. In this
study, we examined liver miRNA profiles in HIV/HCV-co-infected
patients who underwent liver transplantation.

Material and Methods

Patients

A total of 10 HIV/HCV-co-infected patients and 10 HCV-infected
patients who underwent liver transplantation in 1 of 4 Japanese
institutions involved in this study, were enrolled (Table 1). Thirteen
(7 HCV-infected and 6 HIV/HCV-co-infected patients) of 20 pa-
tients were examined using a miRNA array. No patients had hepa-
tocellular carcinoma. The liver function of both groups was sim-
ilar as per the Child-Pugh score (HCV-infected group: 11.9+1.9;
HCV/HIV-co-infected group: 11.2+1.4, p=0.332). All HIV/HCV co-
infected patients were treated with HAART (9 patients with nu-
cleoside reverse transcriptase inhibitor [NRTI] and 1 patient with
non-NRTI [NNTRI]). The Institutional Review Board or the indepen-
dent Ethics Committee at each institution approved this study.

50.2£6.9 0.001
 name 0332
 eemmn 023
C stzss o1s0
C aases oss
C 1es0s6 o087
””””””””” 27503 osa0
6 patients were treated with

interferon

10 patients: 1b
””””””””” sisia  osl
""""""""" Nodata
””””””””” Nodata

MELD — Model For End-Stage Liver Disease, HCV — hepatitis C virus, HIV — human immunodeficiency virus, INR — international

normalized ratio.
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Figure 1. Differentially expressed miRNAs in HIV/HCV-co-infected and HCV-infected patients. Red indicates higher miRNA expression

and green indicates lower miRNA expression.
RNA isolation

RNA was extracted from explant liver specimens. Total RNA
containing miRNA was isolated from formalin-fixed paraffin-
embedded (FFPE) liver specimens using the Recover All Total
Nucleic Acid Isolation Kit for FFPE (Ambion) according to the
manufacturer’s protocol.

miRNA microarray

miRNA array analysis containing 1347 human miRNAs was
performed with the miRNA Complete Labeling and Hub kit
(Agilent, Santa Clara, CA). An aliquot of 100 pg of total RNA
was taken from each specimen and treated with calf intes-
tine phosphatase, denatured using DMSO, and directly la-
beled with Cy3 using T4 ligase. Labeled samples were hybrid-
ized to the miRNA array 8x15 k (G4878A) platform and washed
with the supplied buffer (Agilent, Santa Clara, CA). To identi-
fy miRNAs that were significantly differentially expressed be-
tween the HCV-infected (n=7) and HIV/HCV-co-infected (n=6)
groups, only those samples for which the total RNA extracted
was adequate for microarray analysis were used. A difference
in miRNA expression between the 2 groups was considered
significant if the fold-change of expression values was >2.0
and the p-value was <0.05 using the Student’s t test. The cor-
relations were analyzed using Spearman’s correlation coeffi-
cient. We clustered the miRNA without multiple testing and
performed qPCR to validate microarray data, because only 2
miRNAs passed multiple testing.

Quantitative reverse transcription polymerase chain
reaction

We validated the miRNAs identified using a miRNA array in
all 20 patients. Based on the microarray results (fold-change
of >20) and their biological significance in liver disease, miR-
101, miR194, and miR-200c were selected for amplification
via real-time PCR to confirm the results of microarray analysis.

miR-101b, miR194, and miR-200c, obtained by quantitative re-
verse transcription polymerase chain reaction, were analyzed
using TagMan MicroRNA assays (Applied Biosystems, Foster
City, CA, USA) according to the manufacturer’s protocol. The
expression of these miRNAs was calculated by the relative
standard curve method and normalized to RNU6 levels. Both
groups were compared using Student’s t test.

Results

Identification of differentially expressed miRNAs

Comparison of 6 HIV/HCV-co-infected patients and 7 HCV-
infected patients revealed that 22 miRNAs were significantly
differently expressed, as per the miRNA array. Among these, 19
miRNAs were significantly decreased in HIV/HCV-co-infected
patients as compared to HCV-infected patients (Figure 1).
Moreover, 5 miRNAs showed the highest fold-change (»20-
fold) (Table 2).
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Table 2. Fold-change of miRNA in HIV/HCV-co-infected versus HCV-infected patients.

hsa-miR-101 0.011822
hsa-miR-10b-5p 0.019522
hsa-miR-1181 0.010273
hsa-miR-126-5p 0.021261
hsa-miR-1307-3p 0.034467
hsa-miR-148a-3p 0.023237
hsa-miR-149-5p 0.00021

hsa-miR-193a-3p 0.042631
hsa-miR-193a-5p 0.038456
hsa-miR-1972 0.038585
hsa-miR-200b-5p 0.011813
hsa-miR-200c-3p 0.001608
hsa-miR-20b-5p 0.036423
hsa-miR-221-3p 0.046994
hsa-miR-338-3p 0.000317
hsa-miR-423-3p 0.016273
hsa-miR-484 0.014421
hsa-miR-500a-5p 0.02642

hsa-miR-574-5p 0.006449
hsa-miR-650 0.000849
hsa-miR-664a-3p 0.00115

hsa-miR-892b 0.026285

PCR validation of significantly differentially expressed
miRNAs

The expression of miR-101b and miR-149 was significant-
ly decreased in the HIV/HCV-co-infected group compared to
that in the HCV-infected group (miR 101-b 0.103+0.09 vs.
0.0157+0.0093, p=0.007, miR149 0.152+0.159 vs. 0.0192+0.015,
p=0.025) (Figure 2A, 2B). However, miR-101 did not show a sig-
nificant correlation with the HIV (r=0.553, p=0.097) and HCV
(r=0.090, p=0.707) viral load. Moreover, miR-149 showed a corre-
lation with HCV viral load (r=—0.644, p=0.04) but not with HIV vi-
ral load (r=—0.354, p=0.350). No significant difference was found
for miR-101 and miR-194 expression in each treatment group.

Discussion

This is first study to examine the difference in miRNA expres-
sion during end-stage liver fibrosis in patients with HIV/HCV
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co-infection. In a previous study, miRNA expression in peripheral
blood mononuclear cells (PBMCs) from patients with HIV/HCV
co-infection was examined [13]. HIV/HCV-co-infected patients
were shown to develop liver fibrosis more rapidly and had a
higher mortality due to more aggressive fibrosis. Therefore,
it seems plausible that the miRNA profile can be used to tar-
get the liver of HIV/HCV-co-infected patients to develop nov-
el treatment strategies.

The unique feature of this study is the comparison of miR-
NA profiles between patients with HIV/HCV co-infection and
HCV-infected patients. All patients enrolled in this study were
diagnosed with end-stage liver disease and underwent liv-
er transplantation. In fact, the liver function of both groups
was similar as per the Child-Pugh score. Therefore, the miR-
NA profile is not influenced by liver function. The microarray
analysis revealed that 22 miRNAs were significantly differen-
tially expressed between the HCV-infected and HIV/HCV-co-
infected groups. Of these miRNAs, miR-101 and miR-194 was
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Figure 2. (A) Data are presented as mean + standard deviation (SD). The expression of miR-101 was significantly decreased in the
HIV/HCV-co-infected group (n=10) as compared to that in the HCV-infected group (n=10) (0.103+0.09 vs. 0.0157+0.0093,
p=0.007, Student’s t test.). (B) Data are presented as mean +SD. The expression of miR-149 decreased significantly in the
HIV/HCV-co-infected group (n=10) as compared to that in the HCV-infected group (n=10) (0.152+0.159 vs. 0.0192+0.015,

p=0.025, Student’s t test).

selected for further analysis because of their biological signif-
icance in liver disease. HIV does not infect hepatocytes, but it
can replicate in hepatic stellate cells, macrophages, and CD4*
T lymphocytes [14]. The HIV viral protein gp120 can activate
cell signaling pathways in hepatic stellate cells and certain im-
mune cells [15,16]. Therefore, HIV infection may modulate miR-
NA expression and promote the progression of liver fibrosis.

Previous studies have demonstrated different cytokine expres-
sion levels in the livers of HIV/HCV-co-infected patients and
HCV-infected patients [17,18]. These studies showed that in-
trahepatic mRNA levels of tumor necrosis factor-a, interleu-
kin (IL)-8, and IL-10 were increased and that of tumor growth
factor (TGF)-B was decreased in HIV/HCV-co-infected as com-
pared to HCV-infected patients. Of these, TGF-§ is a potent
inducer of fibrosis in the effector cells of hepatic fibrosis. A
previous in vitro study found that the co-culture of hepatic
stellate cells with HIV and HCV resulted in increased expres-
sion level of TGF-B [19]. In a recent report, miR-101 promot-
ed the reversal of activated HSCs to a quiescent state by sup-
pressing TGF- signaling. Moreover, in hepatocytes, miR-101
inhibits TGF- signaling and suppresses the upregulation of
profibrogenic cytokines [20], whereas miR-101 is downregu-
lated in activated cells when compared to that in quiescent
hepatic stellate cells [21].

Taken together, these results suggest that HIV/HCV co-in-
fection might promote liver fibrosis by modulating the miR-
101-TGF-B signal pathway.

A previous study has shown that miR-101 expression is lower
in PBMCs of HIV/HCV-co-infected patients compared with that
in HCV-mono-infected patients [13]. Thus, HIV may modulate
miR-101 expression in the liver. Taking these results together,
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suppression of HIV virus by therapy could improve liver fibro-
sis by modulating miR-101 expression.

In a previous in vitro study, inhibition of miR-149 increased HCV
entry and HCV RNA replication. In our study, miR-149 showed
a significant correlation with HCV viral load. Therefore, HIV co-
infection might affect HCV entry and replication. Moreover, mir-
149 was associated with inflammation by modulating pro-in-
flammatory cytokines such as TNFa, IL1f, and IL-6.

Previous studies have shown that the expression of miR-122,
miR-22, miR34a, mir-29b, and miR-124 are correlated with liv-
er injury in patients with HIV [22,23]. However, in our study,
expression of these miRNAs was not significantly different.
This discrepancy could be attributed to the patient groups
studied. Previous studies included patients with mild fibrosis,
whereas patients with advanced liver disease only were en-
rolled in our study. Moreover, previous studies analyzed miR-
NA in PBMCs, which may be expressed differently in the liver,
as analyzed in this study.

A limitation of this study was the small sample size that in-
cluded only patients with advanced liver disease. These mi-
cro RNAs in patients with middle stages may show different
results. Second, we did not enroll an HIV-infected comparison
group. Moreover, HIV/HCV co-infected patients were signifi-
cantly younger compared to HCV-infected patients. Therefore,
the miRNA profile could be influenced by age.

In addition, HCV genotype 3 infection is associated with higher
steatosis scores than infection with other HCV genotypes (24).
In our study, HIV/HCV co-infected patients had more varied HCV
genotypes compared to the HCV-infected patients. Therefore,
the higher diversity of HCV genotypes in the co-infection group
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may have influenced the miRNA profile. Nonetheless, this is one
of the first studies comparing intrahepatic miRNA in HIV/HCV-
co-infected and HCV-infected patients.

Conclusions

We found that 19 miRNAs were significantly downregulated
and 3 miRNAs were significantly up-regulated in HIV/HCV-co-
infected patients as compared to HCV-infected patients. Of
all miRNAs studied, miR-101 and miR-149 were significantly
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downregulated in HIV/HCV-co-infected patients and thus could
play an important role in the rapid progression of liver failure.
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