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Background/Aims: This study aimed to investigate the
microRNA (miRNA) expression profiles in peripheral blood
mononuclear cell (PBMC) of hepatitis B virus (HBV)-infected
patients with different clinical manifestations and to analyze
the function of miR-197. Methods: PBMC miRNA expression
profiles in 51 healthy controls, 70 chronic asymptomatic car-
riers, 107 chronic hepatitis B patients, and 76 HBV-related
acute on chronic liver failure patients were analyzed by
quantitative real-time polymerase chain reaction (qRT-PCR).
miR-197 mimic and inhibitor were transfected in THP-1 cells.
gRT-PCR and ELISA for interleukin (IL)-18 mRNA and protein
levels were performed, respectively. Results: The microarray
analysis revealed that 17 PBMC miRNA expression profiles
(12 miRNAs downregulated and five miRNAs upregulated)
differed significantly in HBV-induced liver disease patients
presenting with various symptoms. The gRT-PCR results sug-
gested that the PBMC miR-197 levels regularly decreased as
the severity of liver disease symptoms became aggravated.
IL-18, a key regulator in inflammation and immunity, was
inversely correlated with miR-197 levels. Bioinformatic analy-
sis indicated that IL-18 was a target of miR-197. Exogenous
expression of miR-197 could significantly repress IL-18 ex-
pression at both the mRNA and protein levels in THP-1 cells.
Conclusions: We concluded that multiple PBMC miRNAs had
differential expression profiles during HBV infection and that
miR-197 may play an important role in the reactivation of
liver inflammation by targeting I.-18. (Gut Liver 2013;7:335-
342)
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INTRODUCTION

Chronic hepatitis B virus (HBV) infection causes a wide spec-
trum of clinical manifestations, including chronic asymptomatic
carriers (ASCs), variable chronic hepatitis activity, and even
liver failure. HBV-related acute on chronic liver failure (ACLF)
is a serious liver disease associated with significant morbidity
and mortality. Despite recent advances in antiviral treatment
and artificial liver support treatment, the majority of patients
have poor outcomes. The pathogenesis of ACLF is associated
with HBV replication and host immune response, and abnormal
immune response caused by virus is likely to substantially con-
tribute to the pathogenesis of ACLF.'

A new category of noncoding RNA, microRNA (miRNA), has
been found to be involved in diverse biological processes, such
as cell differentiation, development, and apoptosis. miRNAs are
endogenous 21- to 22-nucleotide RNAs that play important
regulatory roles in gene expression by interacting with the 3’
untranslated region (UTR) of target genes.” Studies have re-
vealed that many miRNAs are also involved in the immune re-
sponses. miRNAs have been shown to modulate innate immune
responses through Toll-like receptors and cytokine signaling
pathway. In addition to regulating innate immune responses,
miRNAs participate in adaptive immune responses by influenc-
ing antigen presentation and modulating T cell receptors signal-
ing.> Considering the effect of miRNAs on the immune system,
the role of miRNA in HBV has increased attention. The current
researches mainly focus on the regulation of virus replication
(e.g., miR-122, miR-1, and so on)** and the progression of HBV-
induced liver disease (e.g., miR-223, miR-224, and so on).*” But
it is poorly understood about the relation between miRNA and
the development of ACLF.

In present study, we investigated miRNA expression profiles
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in peripheral blood mononuclear cell (PBMC) of HBV-infected
patients with different clinical manifestations employing mi-
croarray and quantitative real-time polymerase chain reaction
(qQRT-PCR), studied the correlation between miRNA expression
profiles and the severity of HBV-induced liver disease, and ana-
lyzed the function of miR-197.

MATERIALS AND METHODS
1. Subjects

PBMC isolated from four ASC and four ACLF patients were
used for the microarray experiment. The PBMC of the second
cohort for the qRT-PCR experiment was composed of 253
patients with hepatitis B surface antigen (HBsAg) positive for
at least 12 months and 51 healthy controls (HCs). All of the
participants were recruited from the Xiangya Hospital, Central
South University (Changsha, China), the Second Xiangya Hospi-
tal, Central South University (Changsha, China), and the Teach-
ing Hospital of Hunan University (Changsha, China) from 2008
to 2010. The patients in the second cohort were classified into
three groups: group I, 70 ASC; group II, 107 chronic hepatitis B
(CHB) patients; and group IIl, 76 ACLF patients. The diagnostic
criteria were based on the guideline of prevention and treat-
ment for CHB and diagnosis and treatment for liver failure is-
sued by Chinese Medical Association, respectively.*” The ACLF
patients were recruited in the early phase of the disease. All
ACLF patients with previously diagnosed chronic HBV infection

had gastrointestinal dysfunction, jaundice (total bilirubin, >171
pmol/L), and coagulopathy (prothrombin activity, <40%), but
there were no any complications.

All of the subjects were not received antiviral and immu-
nomodulatory therapy. There was no evidence for any type
of bacterial infection (with normal blood routine, erythrocyte
sedimentation rate, C-reactive protein, chest radiograph, and
abdominal ultrasound), tumor, hepatitis C virus, hepatitis D vi-
rus, human immunodeficiency virus 1/2, mycobacterium tuber-
culosis infection, and metastatic or inflammatory autoimmune
diseases.

The clinical characteristics of the subjects are showed in Table
1. Ficoll-Hypaque gradient centrifugation (Haoyang, Tianjin,
China) was used to isolate PBMC from 10 mL heparin antico-
agulant venous blood samples that were collected from all of
the subjects.

This study was approved by the institutional ethical commit-
tee of the Xiangya Hospital, and written informed consent was
obtained from each patient in the study.

2. Microarray for detecting miRNA expression

The PBMC obtained from the first cohort was immediately
lysed by adding 1.0 mL Lysis Buffer (Ambion, Austin, TX, USA).
The RNA from the PBMC was purified using a mirVana RNA
Isolation Kit (Ambion) according to the manufacture’s instruc-
tions. All of the RNA samples were quality controlled by mea-
suring the optical density at 260 and 280 nm and by analyzing

Table 1. The Clinical Characteristics of the Subjects Used for the Validation Analysis

Clinical variable HC (n=51) ASC (n=70) CHB (n=107) ACLF (n=76) p-value
Age, yr 32.0+11.75 36.01+13.9 29.06+10.12 38.02+10.44 0.189
Sex, male/female 35/16 48/22 79/28 61/15 0.352
PTA, % 87.96+19.2 89.67+22.7 79.83+20.10 35.41+9.42 <0.05
TBIL, pmol/L 11.80+2.49 15.67+6.49 20.6046.50 407.31£151.07 <0.05
ALT, U/L

Median 21.90 25.40 114.50 576.75 <0.05
Range 17.20-25.35 21.00-34.20 101.25-143.50 200.98-1,059.40
AST, U/L
Median 21.85 23.80 82.30 327.50 <0.05
Range 15.02-26.37 18.30-29.10 58.95-120.00 131.70-756.95
HBV DNA, copies/mL*
Median NA 2.06x10’ 3.02x10 8.58x10" <0.05
Range NA 0-6.62x10" 3.95x10°-1.36x10° 0-1.53x10°
HBeAg, +/- NA 12/58 93/14 33/43 <0.001
HBsAg, IU/mL
Median NA 325.64 29,871.00 1,924.40 <0.001
Range NA 89.88-2,072.40 6,886.10-50,024.00 984.69-6,920.70

HC, healthy control; ASC, chronic asymptomatic carrier; CHB, chronic hepatitis B; ACLF, HBV-related acute on chronic liver failure; PTA, pro-
thrombin activity; TBIL, total bilirubin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; HBV, hepatitis B virus; NA, not appli-

cable; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen.

*HBV DNA <500 was treated as O.



an aliquot of the RNA preparation on an Agilent 2100 Bioana-
lyzer using RNA 6000 Nano chips (Agilent Technologies, Santa
Clara, CA, USA). Human miRNA V3 microarray and miRNA
Complete Labeling and Hyb Kit (Agilent Technologies) were
used for the RNA labeling and hybridization. The processing
steps and fluorescence scanning were performed by a commer-
cial service provider (Agilent Technologies).

3. Microarray data analysis

The data were analyzed by using extracted fluorescence in-
tensity values (Agilent Feature Extraction software version 10.5
and GeneSpring GX software; Agilent Technologies). The inten-
sities were normalized using average factors scaled to the medi-
an array intensities over the entire array using the median array
as a reference. The miRNA expression levels were described by
quantitative log, metrics. The miRNAs that were differentially
expressed between ASC and ACLF patients were identified us-
ing two-sided Student’s t-test (p<0.05) combined with the log,
absolute value of signal difference multiple modulus (|log,|>1).

4. qRT-PCR for detecting miRNA and mRNA expression

The total PBMC RNA from the second cohort was extracted
using Trizol total RNA isolation reagent (Invitrogen; Life Tech-
nologies, Carlshbad, CA, USA) following the manufacture’s in-
structions. The RNA concentration and purity were measured
using an ultraviolet spectrophotometer on samples diluted 1/50
with RNase-free water (Tiangen Biotech, Beijing, China). The
RNA yield was 1.15+0.43 mg/mL, and the purity was 1.94+0.18
(Azeo/ Aggo)-

The miRNA expression profiles were conducted by two-step
RT-PCR. Purified RNA (1 pg) was immediately used to syn-
thesize ¢cDNA according to the miScript Reverse Transcription
Kit (QIAGEN, Hilden, Germany). The RT was performed in the
model AG22331 GeneAmp PCR system (Eppendorf, Hamburg,
Germany) for 60 minutes at 37°C, followed by 5 minutes at
95°C. The cDNA was diluted 1/100 for the subsequent qRT-PCR.

The miR-150, miR-197, miR-574-3p, and miR-30a expres-
sions were detected and quantified using miScript SYBR Green
PCR kit (QIAGEN). The 50 pL PCR reactions consisted of 25 uL
of 2x QuantiTect SYBR Green PCR Master Mix, 5 uL of 10x
miScript Universal Primer, 5 uL of 10x miScript Primer Assay,
2 uL of template cDNA, and 13 pL of RNase-free water. The
miRNA amplification was conducted on an Applied Biosystems
7500 real-time PCR system (Applied Biosystems, Carlsbad, CA,
USA) using suitable cycling conditions. To verify that the am-
plified product was only mature miRNA, a dissociation analysis
of PCR products from 65°C to 95°C was performed after thermo
cycling. Mammalian U6B small nuclear RNA in the PBMC was
used to normalize the miRNA expression level. The miRNAs
and U6B primes were purchased from QIAGEN, Germany. The
relative interleukin-18 (IL-18) expression level was identified
with 5-TGGCTGCTGAACCAGTAGAAG-3’ and 5-TTCCAG-
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GTTTTCATCATCTTCA G-3’ primes and normalized to glyc-
eraldehyde phosphate dehydrogenase. The PCR amplification
was performed with a volume of 20 uL containing 10 uL SYBR
gPCR Mix (Toyobo, Osaka, Japan).

All of the qPCR reactions, including the no-template con-
trols, were performed in triplicate wells. Automatic baseline and
threshold cycle settings were used throughout the analysis. The
SDS Relative Quantification 7500 software version 2.0.1 (Applied
Biosystems) was used to miRNA date analysis. The relative ex-
pression of each miRNA was calculated by the 2-"““ method."

5. MiRNA target gene prediction

The possible target genes for each miRNA were identified
using TargetScan 5.2, DIANA-microT 3.0, and Pictar target
prediction program. These target prediction programs use an
algorithm-based on conserved and nonconserved recognition
elements. TargetScan 5.2 provided a possible interaction region
for the miRNA and the target gene, and DIANA-microT 3.0
reported a precision score to help evaluate the value of the pre-
dicted results.

6. Cell culture and transfection

THP-1 cell line (obtained from Shanghai Institute for Biologi-
cal Science, China) was cultured in RPML 1640 (Gibco, Grand
Island, NY, USA) with 10% FBS (Gibco), 100 U/mL penicillin,
and 100 ug/mL streptomycin at 37°C with 5% carbon dioxide.
The has-miR-197 mimic, has-miR-197 inhibitor, and unrelated
sequence positive control (miR-C) and negative control (anti-
miR-C) were purchased from GeneCopoeia, Germantown, MD,
USA. Cells were transfected using HiPerFect Transfection Re-
agent (QTAGEN) and harvested 48 hours later. The expression
levels of miR-197 and IL-18 were measured in THP-1 cells by
qRT-PCR, as described above. The protein expression levels of
IL-18 were measured in supernatant by ELISA (R&D Systems,
Minneapolis, MN, USA).

7. Statistical analysis

The SPSS version 17.0 (SPSS Inc., Chicago, IL, USA) was used
for the statistical analyses. Date are presented as mean+SD. Dif-
ferences between two groups were determined by the two-tailed
Student’s t-test, and multiple comparisons were determined
by the ANOVA. The correlation between the miRNA and the
patients’ clinical characteristics was examined by the Pearson’s
correlation. The p-values of less than 0.05 were considered to be
statistically significant for all of the tests.

RESULTS

1. The PBMC miRNA profiles of the ASC and ACLF patients
differed

To identify the miRNA that may have been correlated with
the severity of HBV-induced liver disease, we first used micro-
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array to investigate the miRNA expression profiles in PBMC
from four ASC and four ACLF patients. Overall, we profiled 347
human miRNA species. The microarry analysis showed that 17
PBMC miRNA expressions differed significantly between the
ASC and ACLF patients. A detailed analysis revealed that the
levels of five miRNAs (miR-30a, miR-1246, miR-1305, miR-
193a-3p, and miR-196b) increased with the liver disease severi-
ty. The levels of 12 miRNAs, including miR-150, miR-223, miR-
574-3p, miR-197, and miR-328, simultaneously decreased (Table
2 and Fig. 1).

2. The expressions of miR-150, miR-197, miR-30a, and
miR-574-3p in PBMC from HBV-infected patients with
different clinical manifestations

To identify the miRNAs potentially associated with HBV
symptom severity and the availability of the differentially ex-
pressed miRNA, the expression profiles of four PBMC miRNAs
(miR-150, miR-197, miR-574-3p, and miR-30a) from HC and
HBV-infected patients presenting with various symptoms (ASC,
CHB, and ACLF) were confirmed by qRT-PCR. We choosed two
downregulated miRNAs (miR-197 and miR-574-3p) and one
upregulated miRNA (miR-30a) based on the p-values obtained
from the microarray analysis. miR-150 was selected based on
the literature. To evaluate the amplification efficiency, standard
curves were generated using 10-fold serial dilution of the re-
verse transcribed cDNA.

The initial miRNA microarray profiles identified three miR-

Table 2. The Differentially Expressed Peripheral Blood Mononuclear
Cell miRNAs from the Chronic Asymptomatic Carriers Compared with
Those from the Acute on Chronic Liver Failure Patients

miRNA Expression Fold change p-value
miR-1246 Up 4.19 <0.05
miR-30a Up 3.11 <0.05
miR-1305 Up 2.39 <0.05
miR-193a-3p Up 2.03 <0.05
miR-196b Up 1.61 <0.05
miR-223 Down -4.18 <0.05
miR-574-3p Down -3.04 <0.01
miR-150 Down -2.90 <0.05
miR-486-5p Down -2.39 <0.05
miR-197 Down -2.05 <0.01
miR-328 Down -1.87 <0.01
miR-766 Down -1.86 <0.05
miR-326 Down -1.74 <0.05
miR-185 Down -1.73 <0.05
miR-483-3p Down -1.33 <0.05
miR-301a Down -1.12 <0.05
miR-30d Down -1.01 <0.05

miRNA, microRNAs.

NAs (miR-150, miR-197, and miR-574-3p) that were signifi-
cantly downregulated, and miR-30a was significantly upregu-
lated. The miR-197, miR-574-3p, and miR-30a profiles were
confirmed by qRT-PCR. However, the qRT-PCR profiles of miR-
150 were inconsistent with the previous results. We observed
that the PBMC miR-197 levels gradually decreased as the sever-
ity of liver disease symptoms aggravated. The expression levels
in HC, the ASC, the CHB patients, and the ACLF patients were
1.07+0.16, 0.90+0.12, 0.72+0.10, and 0.55+0.10, respectively.
Furthermore, a comparative analysis between two randomly se-
lected groups showed statistical significance. On the other hand,
the results indicate that the miR-150 expression of the ACLF
patients was strongly upregulated compared with that of CHB
patients (p<0.05), but the difference among the HC, ASC, and
CHB patients was not significant. The miR-574-3p expression
was lower in the ACLF patients than in the HC (p<0.01), but it
did not differ significantly among the ASC, CHB patients, and
ACLF patients. The miR-30a expression was noticeably higher
in the HC than in the ACLF patients (p<0.01), but no significant
difference was observed among the ASC, CHB patients, and
ACLF patients (Fig. 2A).

3. Correlation between the miR-197 expression levels and
the patients’ clinical characteristics

The serum HBV DNA levels reflect the HBV replication in
liver tissue. To comprehend the relationship between the HBV
DNA levels and miRNAs, the correlation between the HBV DNA
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Fig. 1. The microRNA (miRNA) signatures in peripheral blood
mononuclear cell (PBMC) differentiates chronic asymptomatic car-
riers (ASCs) from acute on chronic liver failure (ACLF) patients. This
hierarchically clustered heat map illustrates the changes in miRNA
expression profiles between ASCs and ACLF patients. The map shows
the (log,) PBMC miRNA expression differences between the ASCs and
ACLF patients. The significantly expressed miRNA cluster was identi-
fied using the Student’s t-test. The red and green sections represent
increases and decreases in miRNA expression, respectively.
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titre and the PBMC miR-197 expression levels in ASC, CHB, and
ACLF patients were analyzed. However, no significance cor-
relation was observed. The serum hepatitis B e antigen (HBeAg)
shows positive when the virus replicates in liver tissue, so we
analyzed the PBMC miR-197 expression levels in HBeAg posi-
tive patients and HBeAg negative patients in ASC, CHB, and
ACLF group. But there was no significant difference. At the
same time, the correlation between the levels of miR-197 and
HBsAg levels or age was not reached statistical significance.

4. IL-18 was one of the possible target genes for miR-197

Using the DIANA-microT 3.0, we found that IL-18 was one
of the possible target genes for miR-197. This result was veri-
fied by an additional target prediction program, TargetScan 5.2,
which identified the possible interaction regions between miR-
197 and IL-18 (Fig. 3A).

Consistent with earlier studies, the PBMC IL-18 expression
levels were gradually increased from the ASC, the CHB patients,

(ASCs), chronic hepatitis B (CHB) patients, and acute on chronic liver failure (ACLF) pa-
tients by quantitative real-time polymerase chain reaction (QRT-PCR). (A) The 4 miRNA
expression levels of patients by qRT-PCR were normalized to U6B. (B) The interleukin-18
(IL-18) expression levels in patients by qRT-PCR were normalized to glyceraldehyde
phosphate dehydrogenase. The gene levels were shown as the mean fold changes relative
to the mean value of HCs.

ACLF *p<0.05; 'p<0.01.

to the ACLF patients. But, its mRNA levels were not significant-
ly altered in the HC and ASC (p=0.72) (Fig. 2B). This result was
in stark contrast to miR-197 results.

5. IL-18 expression after transfection with miR-197 mimic/
inhibitor

As shown in Fig. 3B and C, the miR-197 level was strongly
increased in 48 hours after miR-197 mimic tranfection, and
it was strongly decreased in 48 hours after miR-197 inhibi-
tor tranfection. To determine the effect of miR-197, the IL-18
mRNA and protein levels were measured. The mRNA and pro-
tein expression levels of IL-18 were significantly downregulated
in THP-1 cells transfected with miR-197 mimic compared with
cells transfected with miR-C and blank-C, and these were signif-
icantly upregulated in cells transfected with miR-197 inhibitor
compared with cells transfected with anti-miR-C and blank-C.
Meanwhile, there was no significant difference among cells that
were transfected with miR-C, anti-miR-C, and blank-C.
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DISCUSSION

Results from recent researches have suggested that PBMC
miRNAs are potential biomarkers for various diseases, including
multiple sclerosis, coronary artery disease, and the clinical out-
come of interferon (IEN) therapy in HBV-infected patients.'"
In the present study, we investigated the PBMC miRNA expres-
sion profiles of the ASC and ACLF patients using microarray
first. In order to reduce the bias of microarray experiment, we
then expanded the sample cases to 304 in qRT-PCR experiment.
Several miRNAs showed differential expressions in the PBMC

of the HBV-infected patients presenting with various symptoms.

1
Blank-C  Anti-miR-C Anti-miR-197 *p<0.01.

These results demonstrated that PBMC miRNAs may have a
clinicopathological influence on HBV-induced liver disease.
These exciting results also increased our understanding of clini-
cal characterization and pathogenesis of HBV infection.

HBV is a typically noncytopathic virus that dose not directly
damage infected cells. The pathogenesis is largely mediated by
the immune response following HBV infection. Recent studies
have shown the importance of miRNAs in the immune respons-
es. These miRNAs affect immune cell development and differ-
entiation and the outcome of the immune responses to infection
in HBV-induced liver disease. MiR-155 has been demonstrated
to play a significant role in regulating IFN and tumor necrosis



factor production during the innate immune response.' Huang
et al.”” found that miR-142-3p restricted cCAMP production in
CD4+CD25- T cells and CD4+CD25+ TREG cells. In 2007, re-
searches showed that miR-150 exerted critical regulation on
B cell development.'® While miR-223 has shown its apparent
importance for progenitor cell proliferation and granulocyte
function."” The present study found that differently expressed
miRNA in PBMC from patients with HBV-induced liver disease
was high related to the immune responses. This study showed
that PBMC miR-150 level was markedly higher in ACLF patients
than in CHB patients. Surprisingly, Ji et al.'® showed that miR-
150 is upregulated in ACLF patients by extracting RNA from the
serum.

The correlation between miR-197 and follicular thyroid car-
cinoma and human male breast cancer has been the focused
of the several previous researches.””” In 2010, Estep and co-
workers”' have noted that miR-197 is significantly associated
with pericellular fibrosis in nonalcoholic fatty liver disease,
suggesting a potential role of this miRNA in liver disease. Other
research has provided evidence that miR-197 expression in
human HepG2 cells is modulated by proanthocyanidins.” The
present study is the first time to find that miR-197 in PBMC is
associated with HBV-induced liver disease. In particular, exam-
ining the differential miRNA expression showed that miR-197
levels strikingly decrease as the severity of liver disease symp-
tom aggravated.

IL-18, a member of IL-1 cytokine family, has already been
reported to be elevated in patients with hepatic failure.”*** A
study on the effects of IL-18 on PBMC derived from CHB sug-
gested that IL-18 can induce IFN-y secretion and that it plays
a key role in modulating both innate and adaptive immunity.”
For these reasons, IL-18 profiles were measured in the PBMC of
all the subjects. Consistent with earlier studies, the PBMC IL-18
levels of ACLF patients were dramatically higher than that of
patients with other HBV-induced liver disease and HC (Fig. 2B).
The present data indicated that the expression of IL-18 was in-
versely correlated with the miR-197 expression in HBV-infected
patients.

miRNAs act mainly via regulation of their target genes. Us-
ing computational methods, we predicted that miR-197 is
highly likely to interact with the 3’ UTR of IL-18 (Fig. 3A). To
confirm the miR-197 regulatory role in IL-18 expression, we
transfected mimic and inhibitor of miR-197 in THP-1 cells. Our
results showed that exogenous expression of miR-197 could
significantly repress the IL-18 expression at both the mRNA
and protein levels (Fig. 3D and F), whereas miR-197 inhibitor
had the opposite effects on the IL-18 expression (Fig. 3E and G).
These data suggested that miR-197 may be an effective strategy
for regulating the expression of IL-18. However, the directly in-
teracted sequence of miR-197 with the 3’ UTR of IL-18 requires
further study.

Overall, our results are the first demonstration that the PBMC
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miR-197 expression levels were associated with the severity of
HBV-induced liver disease symptoms. In addition, our results
suggested that miR-197 downregulated IL-18 expression. We
believe that our findings represent a valuable resource for un-
derstanding of clinical characterization and pathogenesis of
HBV infection.
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