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Abstract: Prompt and accurate prediction of the outcome is the key to

make correct medical decision and to reduce the mortality in patients

with HBV-related acute-on-chronic liver failure (ACLF). Increasing

evidence have certified that small, noncoding microRNAs (miRNAs)

play critically regulatory roles in the pathogenesis of liver diseases.

However, it remains unclear whether and how miRNAs involve in the

prognosis of ACLF.

Microarray analysis was performed to characterize the miRNA

expression profiles in liver tissues from 1 HBV-related ACLF patient

and 1 matched healthy control. Nine miRNAs with at least 5 folds

difference between these 2 persons were picked out. The present

prospective study involving 39 HBV-related ACLF patients including

20 recovered and 19 nonrecovered patients, which include death (n¼ 9)

and liver transplantation (n¼ 10). The serum expression of these

miRNAs detected by quantitative real-time Polymerase Chain Reaction

(qRT-RCR) was then compared between the 2 groups. Moreover, the

correlation between the serum miRNAs and the prognostic indexes for
in-Yan Zhang, MD D,
D, PhD, and Su-Jun Zheng, MD, PhD

control (upregulated: miRNA-130a, �21, �143, and �200a; down-

regulated: miRNA-486–5p, �192, �148a, �122, and �194). Unlike

the expression profiles in liver tissue, 8 serum miRNAs except miRNA-

194 were markedly upregulated in ACLF patients (P< 0.05). Remark-

ably, the serum expression of miRNA-130a and miRNA-486–5p was

higher in recovered than nonrecovered ACLF patients (P< 0.05).

Especially, the serum miRNA-130a was negatively correlated with

international normalized ratio, prothrombin time, Model for End-Stage

Liver Disease score, and positively correlated with prothrombin time

activity. The AUC for recovered versus nonrecovered patients of

miRNA-130a was 0.741 (P¼ 0.02).

miRNA-130a might be a useful prognosis biomarker in patients with

HBV-related ACLF.

(Medicine 95(6):e2639)

Abbreviations: ACLF = acute-on-chronic liver failure, APTT =

activated partial thromboplastin, HBV = hepatitis B virus, INR =

international normalized ratio, MELD = Model for End-Stage Liver

Disease, miRNAs = noncoding microRNAs, PT = prothrombin

time, PTA = prothrombin time activity, ROC = receiver operating

characteristic.

INTRODUCTION

A cute-on-chronic liver failure (ACLF) is an acute hepatic
insult manifesting as jaundice and coagulopathy compli-

cated within 4 weeks by clinical ascites and/or encephalopathy
in a patient with previously diagnosed or undiagnosed chronic
liver disease/cirrhosis, and is associated with a high 28-day
mortality.1 The underlying liver disease can be cirrhosis, or
chronic liver disease without cirrhosis.2 The 28-day mortality of
ACLF reaches up to 33%,1 15 times higher compared with other
chronic liver diseases.3 Accurately evaluating the prognosis of
ACLF patients is the key to make correct medical decision, thus
facilitating the reduction of the mortality. Nevertheless, the
most commonly used prognostic models, such as Model for
End-Stage Liver Disease (MELD) and Child-Pugh scores, were
not specifically designed for ACLF. Considering that hepatitis
B virus (HBV) infection is the main cause of ACLF in Asia-
Pacific region,4 it is urgently needed to screen out novel
potential biomarkers for the prognosis of HBV-related ACLF
patients.

Small, noncoding microRNAs (miRNAs), 18 to 24 nucleo-
tides in length, are known as a new kind of nonprotein-coding
RNA. MiRNAs have been characterized as important factors
regulating the expression of genes by pairing to 30-untranslated
n for cleavage or translational repres-
idence suggest that miRNAs might be
nesis of liver fibrosis and hepatocellular
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carcinoma.7–10 More recently, miRNAs have been demon-
strated to participate in the process of liver injury and liver
failure.11,12 Especially, some special miRNAs might be related
with the prognosis of acute liver failure.13 In light of this, we
hypothesized that miRNAs might be associated with the prog-
nosis of HBV-related ACLF patients. In order to validate the
hypothesis, firstly, the microarray analysis was performed to
characterize the expression profiles of miRNAs in liver tissues
from 1 patient with ACLF and 1 healthy control, and then the
serum expression of several selected miRNAs were assessed in
ACLF patients by qRT-PCR. Finally, the correlation between
serum miRNAs and the clinical outcomes of ACLF patients
was analyzed.

STUDY POPULATION AND METHODS

Study Population
A cohort of 59 participants comprising 20 healthy controls

and 39 patients with ACLF from Beijing YouAn Hospital,
Capital Medical University were recruited from 2010 to
2013. All patients with ACLF were positive for hepatitis B
surface antigen or HBV DNA (by PCR assays). ACLF was
diagnosed according to the criteria set by Asian Pacific Associ-
ation for the study of the liver (total bilirubin �85 mmol/L,
prothrombin activity �40%).14 Among these ACLF patients,
the underling chronic liver diseases were chronic hepatitis B
(n¼ 32), and HBV-related cirrhosis (n¼ 7). Patients with other
forms of viral hepatitis or liver diseases, such as nonalcoholic
steatohepatitis, primary sclerosing cholangitis, autoimmune
hepatitis, alcoholic liver disease, Wilson disease or malignan-
cies were excluded from the present study. After hospital
admission, patients were given comprehensive internal medi-
cine treatment. According to the antiviral therapy recommen-
dations of liver failure guidelines in China15 and Asian Pacific
Association for the study of the liver,14 the ACLF patients with
positive serum HBV DNA accepted nucleoside analogues,
including entecavir, or lamivudine in combination with adefovir
dipivoxil, respectively. All patients with ACLF were followed
up for at least 3 months. The patients who died or received liver
transplantation during hospitalization were recorded, and
patients who were discharged from hospital during the fol-
low-up period were monitored via telephone. According to
3-month mortality, patients with ACLF were divided into
2 groups, recovered (n¼ 20) and nonrecovered patients
(n¼ 19). Patients who survived for more than 3 months were
characterized as recovered patients, whereas patients who died
(n¼ 9) or underwent the liver transplantation (n¼ 10) within
the 3 months were characterized as nonrecovered patients. The
3-month period started from the day on which the serum
was collected.

All participants signed the informed consents at the
initiation of the present study. The study protocol was per-
formed according to the Declaration of Helsinki and approved
by the institutional review board of Beijing YouAn Hospital,
Capital Medical University.

Microarray Analysis
Using the mirVana miRNA Isolation Kit (Ambion, Carls-

bad, CA), total RNA was extracted from liver tissues of a male,
aged 21, ACLF patient who received liver transplantation and

Zheng et al
one age and gender matched healthy control serving as liver
donor. The yield of RNA was measured using a Nanodrop 2000
spectrophotometer (Thermo Scientific, Massachusetts, USA).
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Then miRNA microarray analysis was performed at Shanghai
Biotechnology Corporation (Shanghai, China) by an Agilent
human miRNA array (v.12.0). Each microarray chip was
hybridized with a single sample labeled with either Cy3 or Cy5.

The Expression Levels of miRNAs in Serum
miRNAs with at least 5 folds difference in liver tissues

from ACLF patient and healthy control were selected. The
selection criteria were established on the basis of comprehen-
sive consideration of literature reports16 and current expression
abundance. Of these, 9 miRNAs were further picked out to be
measured by qRT-RCR in serum.

Blood samples were collected in 16� 100 mm� 10 mL
BD Vacutainer glass serum tubes (Becton Dickinson, Franklin
Lakes, NJ) in the morning of the second day after hospital
admission. The blood samples were then centrifuged at 750g for
20 min to isolate the serum after incubating at room temperature
for 20 minutes. Serum samples were stored at �808C immedi-
ately after collection. Total RNA from serum samples of 59
participants was extracted using QIAamp RNA Blood Mini Kit
(Qiagen, Germany) according to the manufacturer’s instruc-
tions. Relative quantification of the total RNA was conducted
with 2-step method: reverse transcription (RT) and qRT-PCR.
RT reaction was performed using miScript Reverse Transcrip-
tion Kit (Qiagen, Germany). qRT-PCR was conducted using
7500 Fast Real-time PCR System (Applied Biosystems, Cali-
fornia, USA). In a final reaction volume of 20 mL, the follow-
ings were added: 1 mL of cDNA, 10 mL of 2� SYBR Green
Realtime PCR Master Mix (TaKaRa, Japan), 0.4 mL of 50�
ROX Reference Dye II (TaKaRa), 0.4 mL of universal primer
(10 uM) (the sequence was not provided) (Qiagen, Germany),
0.4 mL of miRNA-specific primer (10 uM) (see Table, supple-
mental content 1, http://links.lww.com/MD/A675, which
demonstrated the forward primers of the 9 miRNAs and 5S
rRNA), and 7.8 mL of nuclease-free water. Reactions were
incubated in a 96-well optical plate (Applied Biosystems) at
958C for 30 seconds, followed by 40 cycles of 958C for
5 seconds, 608C for 34 seconds. Each sample was run in
triplicate. The expression levels of miRNAs were normalized
to 5S rRNA and were calculated using the 2�DDCt method.

Statistical Analysis
The continuous variables with normal distribution were

expressed as mean� standard deviation and were analyzed by
the independent-samples t test. Non-normally distributed data
were expressed as median (range) and were analyzed by the
Mann–Whitney U test. Categorical variables were analyzed by
the Chi-square test. Spearman rank correlation analysis was
conducted to assess the relationship between widely recognized
prognostic indicators and miRNAs. The area under the receiver
operating characteristic curve was used to evaluate the predic-
tion efficiency of miRNAs that had been screened out for the
prognosis of ACLF patients. Statistical analysis was conducted
using SPSS version 19.0 (Chicago, IL) and Medcalc version
10.1.6.0 (Ostend, Belgium). A 2-sided P value <0.05 was
considered statistically significant.

RESULTS

Liver Tissue miRNA Profiles Characterized by
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Microarray Test
We successfully detected 62 miRNAs that were differently

expressed in liver tissue samples from 1 ACLF patient and 1

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
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between recovered and nonrecovered patients. Significant
differences in the levels of miRNA�130a and miRNA�486–
5p expression were noticed (P¼ 0.04 and 0.02, respectively)

TABLE 1. Clinical Characteristics of Patients With HBV-related Acute-on-Chronic Liver Failure and Healthy Controls

ACLF

Indicators Heathy (n¼20) Total (n¼39) Recovered (n¼20) Non-Recovered (n¼19) P value

Age, y 42.05�2.29 43.24�2.14 42�2.86 44.89�2.94 0.49
Male sex: n (%) 14 (70) 31 (79.5) 16 (80) 15 (78.95) 0.50
ALT, U/L 15.90 (3.40,35.10) 224.8 (2.60,2544.20) 166.25 (37.8,2517) 505.1 (3.1,2544.2) 0.07
AST, U/L 21.55 (13.20,27.60) 170.5 (48.30,2283.50) 118.6 (48.3,2122.6) 430.1 (44.6,2283.6) 0.07
TBIL, mmol/L 10.04 (5.49,16.80) 377.70 (172,633.20) 328.5 (174.8,633.2) 410 (172,620) 0.55
Albumin, g/L 33.49�0.72 34.3�1.1 32.0� 0.81 0.09
INR 2.32 (1.12,5.53) 1.88 (1.12,2.76) 2.89 (2.05,5.53) 0.00
HBVDNA(log10 cps/ml) 4.97 (2.71, 8.16) 4.17 (2.71, 8.16) 5.52 (3.05, 7.66) 0.38
Antiviral treatment, n (%) ETV,36 (92) ETV, 20 (100) ETV, 16 (84) 0.064

LAM plus ADV,1 (3) LAM plus ADV, 0 (0) LAM plus ADV,1 (5)
None, 2 (5) None, 0 (0) None, 2 (11)

Creatinine, mmol/L 70.7 (47,307) 69.4 (47.50,148.50) 80 (47,307) 0.34
PT, s 27.1 (12.3,75) 23.3 (12.30,34) 32.3 (24.7,75) 0.00
PTA, % 29 (8, 94) 36.9 (22.80,94) 23.3 (8,35) 0.00
WBC, 109/L 6.67 (2.49,22.66) 6.58 (4.80,20.40) 7.22 (2.49,22.66) 0.81
PLT, 109/L 101 (22,262) 106.5 (22,235) 110.5 (42,262) 0.59
MELD score 26 (16,74) 23.5 (16,74) 29 (17,43) 0.00
APTT, s 58.1 (36.10,101) 48.7 (36.10, 79.60) 68.80 (42.70, 101) 0.00
Underlying disease, n (%) CHB, 28 (72) CHB, 13 (65) CHB, 15 (79) 0.333

Cirrhosis,11 (28) Cirrhosis,7 (35) Cirrhosis, 4 (21)

P-values are acquired by comparing recovered with non-recovered patients.
ADV¼Adefovir dipivoxil, ALT¼ alanine aminotransferase, APTT¼ activity partial thromboplastin time, AST¼ aspartate aminotransferase,

mal
ime

FIGURE 1. The serum expression profiles of 9 picked miRNAs.
The serum expression of miRNA�21, �486–5p, �130a, �192,
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healthy control. Compared with healthy control, the expression
levels of 36 miRNAs in ACLF patient were upregulated (at least
5 folds), while 26 miRNAs were downregulated (see Figure,
supplemental content 2, http://links.lww.com/MD/A675, which
showed the liver tissue miRNA profile analysis by microarray
test).

Selected miRNAs Were Measured in Serum
Samples of ACLF Patients

Based on the amplitude of expression difference and
literature reports, 9 among the 62 miRNAs were picked out
to be further detected in serum samples from a case-control
cohort whose clinical characteristics were shown in Table 1. Of
these, miRNA�130a, �21, �143, �200a were upregulated in
the liver tissue of HBV-related ACLF patients compared with
that of healthy control, while miRNA�486–5p, �192, �148a,
�122, and �194 were downregulated. Unlike the expression
profiles in liver tissues, serum miRNA�21, �486–5p, �130a,
�192, �148a, �143, �200a, and �122 exhibited higher
expression levels in HBV-related ACLF patients compared
with healthy controls (P< 0.05). However, no significant
difference was found for the expression of serum miRNA�194
194 between the 2 groups (P¼ 0.06) (Figure 1).

Serum Expressions of miRNA-130a and miRNA-
486–5p Were Significantly Different Between
Recovered and Nonrecovered ACLF Patients

CHB¼ chronic hepatitis B, ETV¼ Entecavir, INR¼ international nor
Disease, PLT¼ platelets, PT¼ prothrombin time, PTA¼ prothrombin t
Recovered and nonrecovered HBV-related ACLF patients
were matched in terms of age, sex, total bilirubin, albumin,
alanine transaminase, aspartate transaminase, creatinine, white

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
blood cell, and blood platelet. Noticeably, the levels of inter-
national normalized ratio (INR), prothrombin time (PT),
prothrombin time activity (PTA), MELD scores, activated
partial thromboplastin (APTT), all of which have been demon-
strated to serve as prognostic biomarkers of ACLF patients,
showed significant differences between the 2 groups (P< 0.05)
(Table 1).

We then compared the serum expression of the 9 miRNAs

ized ratio, LAM¼ Lamivudine, MELD¼Model for End-Stage Liver
activity, TBIL¼ total bilirubin, WBC¼white blood count.
�148a, �143, �200a, �194, and �122 was compared between
HBV-related ACLF patients and healthy controls.

�
P<0.05.

ACLF¼ acute-on-chronic liver failure, HBV¼hepatitis B virus,
miRNA¼micro RNA.

www.md-journal.com | 3

http://links.lww.com/MD/A675


FIGURE 2. Higher levels of miRNA�130a and miRNA-486–5p
correspond to favorable survival in HBV-related ACLF patients. The
expression levels of miRNA-130a and miRNA-486–5p were com-

Zheng et al
(Figure 2). Higher levels of miRNA�130a and miRNA�486–5p

pared between recovered and nonrecovered ACLF patients.�
P<0.05. ACLF¼ acute-on-chronic liver failure, HBV¼hepatitis

B virus, miRNA¼micro RNA.
corresponded to more favorable survival. This finding suggested
that miRNA�130a and miRNA�486–5p might be related to the
prognosis of ACLF patients.

FIGURE 3. miRNA-130a was negatively correlated with INR, PT, an
miRNA-130a and INR, PT, PTA, MELD score was calculated with
MELD¼Model for End-Stage Liver Disease, miRNA¼micro RNA, PT¼

4 | www.md-journal.com
Serum MiRNA-130a Was Negatively Correlated
With INR and PT, and Positively Correlated With
PTA in ACLF Patients

INR, PT, PTA are all indicators to reflect the coagulation
function and to predict prognosis of patients with end-stage liver
diseases. Because coagulopathy is one of the important factors
to diagnose ACLF,1 and MELD score as the commonly used
prognostic model, it has great clinical value to analyze the
correlation between miRNAs and key coagulation indexes INR,
PT, PTA, and MELD score. As a result, miRNA-130a was
found to be negatively correlated with INR (r¼�0.38,
P¼ 0.03), PT (r¼�0.41, P¼ 0.02), and MELD score
(r¼�0.39, P¼ 0.03), positively correlated with PTA
(r¼ 0.36, P¼ 0.05) (Figure 3). The data further support the
correlation between serum miRNA-130a and the prognosis of
ACLF patients.

miRNA-130a Might Be a Useful Prognosis
Biomarker for ACLF Patients

Medicine � Volume 95, Number 6, February 2016
Furthermore, we performed receiver operating character-
istic analysis to provide a robust test of sensitivity and speci-
ficity of miRNA-130a for predicting the mortality of patients

d MELD score, positively correlated with PTA. Relation between
the Spearman correlation. INR¼ international normalized ratio,

prothrombin time, PTA¼prothrombin time activity.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
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with HBV-related ACLF. The AUC of miRNA-130a was 0.74
(P¼ 0.02), and the AUC of MELD score was 0.86 (P¼ 0.00)
(Figure 4). There was no significant difference between the
AUC of the above 2 indicators (P¼ 0.163), so the results
showed that miRNA-130a was a novel predictor for the prog-
nosis of ACLF patients. For further analysis, we chose a cut-off
for miRNA-130a at 0.06. At this cut-off, miRNA-130a pre-
dicted the recovered ACLF patients with a positive predictive
value of 74.31% and a negative predicted value of 69.95%,
corresponding to a sensitivity of 64.30%, and a specificity of
78.90%. With a cut-off of 25.5 for MELD score, MELD score
predicted the survival of ACLF patients with a positive pre-

FIGURE 4. ROC analysis showing the predictive value of miRNA-13
on-chronic liver failure, MELD¼Model for End-Stage Liver Diseas
dictive value of 87.85% and a negative predicted value of
82.50%, corresponding to a sensitivity of 80.00%, and a speci-
ficity of 89.50%.

DISCUSSION
In the present study, we used the microarray analysis of

liver tissues to preliminarily screen out the miRNAs that
possibly involve in the pathogenesis of HBV-related ACLF.
Considering the feasibility and noninvasiveness of blood
sample test, we then detected the expression of selected
miRNAs in sera and assessed their potentials as the predictor
of 3-month mortality in HBV-related ACLF patients. Our
findings suggest that serum miRNA-130a might be a new
potential prognostic biomarker for HBV-related ACLF patients.
To our knowledge, this is the first report that miRNAs serve as
prognostic indicators in HBV-related ACLF.

Some circulating miRNAs have been previously demon-
strated to participate in the pathogenesis of liver injury or liver
failure caused by diverse etiologies. For example, circulating
miRNA-122 might be a potential biomarker of liver warm
ischaemia and reperfusion injury in rats. After reperfusion
injury, the elevated miRNA-122 was correlated with alanine
transaminase, aspartate transaminase, and lactic dehydrogen-
ase.11 In the context of acetaminophen-induced porcine liver
failure, the increased expression of miRNA-192 was related

with elevated creatinine, implying an effect on renal function.
Moreover, the level of miRNA-122 augmented at the onset of
acute liver failure and had a close relationship with INR.12 The

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
above-mentioned findings were obtained using animal models
or in vitro experiments, which usually do not exactly match the
human data. In our study, miRNAs expression was analyzed
using liver and serum samples from HBV-related ACLF
patients. The expression pattern of 9 selected miRNAs
(miRNA�130a, �21, �143, �200a �486–5p, �192,
�148a, �122, and �194) in sera was not completely in line
with that in liver tissues. The exact mechanism behind this
discrepancy is unclear and needs further research.

Most recently, the relationship between miRNAs and the
prognosis of acute liver failure was demonstrated. Patients who
recovered spontaneously from acute liver failure showed
obviously higher serum levels of miRNA�122, miRNA�21,
and miRNA�221, compared with nonrecovered patients. The
data hinted that these 3 miRNAs might involve in liver regen-
eration, and the higher levels of these 3 miRNAs would lead to a
relatively good prognosis for patients with acute liver failure.17

In terms of the correlation between miRNAs and ACLF,
the expression of miRNAs hsa-let�7a and has-miRNA16 were
significantly upregulated in HBV-related ACLF patients com-
pared with chronic asymptomatic carriers.18 In addition, certain
special miRNAs (hsa-miRNA�21–5p, hsa-miRNA�34c�5p,
hsa-miRNA-�43–3p, hsa-miRNA�143–5p, hsa-miRNA�
374a�3p, and hsa-miRNA�542–3p) in peripheral blood mono-
nuclear cells have been demonstrated to be related with the
diagnosis of HBV-related ACLF.19 However, both studies did
not analyze the relationship between these miRNAs and the
prognosis of HBV-related ACLF.

In the present study, the expression of serum
miRNA�130a showed significant difference between recov-
ered and nonrecovered HBV-related ACLF patients. Moreover,
miRNA�130a was negatively related to INR, PT, and MELD
score, positively related to PTA. Furthermore, miRNA�130a
could predict 3-month mortality of HBV-related ACLF patients
with a moderate sensitivity and accuracy. Based on these
findings, we speculate that upregulation of miRNA�130a
represents good prognosis in HBV-related ACLF patients.

The correlation between miRNA-130a and liver diseases

and MELD score for the prognosis of ACLF patients. ACLF¼ acute-
iRNA¼micro RNA, ROC¼ receiver operating characteristics.
had been reported previously. For example, the downregulation of
miRNA�130a in liver carcinoma from a meta-analysis suggested
the close relationship between this special miRNA and liver

www.md-journal.com | 5



cancer.20 Circulating miRNA�130a might also involve in alco-
hol-induced liver injury in mice and in patients with alcoholic
hepatitis.21 Apart from these, the close relation of miRNA�130a
with HCV was also demonstrated. After antiviral therapy, upre-
gulated expression of miRNA�130a was noticed in HCV-
infected hepatocytes.22 Furthermore, miRNA�130a could inhibit
the replication of HBV,23 which might be used to explain the
favorable effect of miRNA�130a on HBV-related ACLF patients
in our study. However, the exact role of miRNA�130a in the
pathogenesis of HBV-related ACLF needs to be further explored.

There are some limitations in the present study. Firstly,
serum sample size is relatively small, so our findings need to be
verifiedby large-scale studies. Secondly, patients recruited
regionally from the same hospital might have specific geneti-
cally background, which may influence the expression of
miRNAs, so to minimize the chance for bias, multicenter study
is needed. Thirdly, the target genes of miRNA�130a need to be
clarified to discover the mechanism by which this miRNA
exerts its protective effect.

Although great advance has been made in the field of
ACLF during the past few years, the high mortality is still a
huge threat for ACLF patients. This study first identifies serum
miRNA�130a as a potential predictor for the prognosis of
ACLF. Even though further study is needed to dissect the
mechanisms by which miRNA�130a exerts an influence on
the prognosis of ACLF, miRNA�130a as a prognostic predictor
would pave the way for identifying ACLF patients who need
early liver transplantation.
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