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Abstract. Considering the limitations of liver biopsy, reliable 
non‑invasive serum biomarkers of liver fibrosis are required 
for early diagnosis. The present study analyzed the expression 
profile of circulating micro (mi)RNAs during the development 
and progression of hepatic fibrosis in patients with chronic 
hepatitis B virus (HBV) infection, aiming to identify novel 
earlier diagnostic biomarkers. Fresh plasma samples were 
collected from 50 patients diagnosed with chronic HBV infec-
tion and hepatic fibrosis. These patients were classified into 
five groups (S0, S1, S2, S3 and S4; n=10 per group) based on 
Scheuer's staging criteria. The differential expression of the 
circulating miRNAs was determined by performing miRNA 
microarray hybridization. Finally, the target genes of the 
miRNAs were predicted and classified using gene ontology 
analysis. A total of 140 miRNAs were detected in the S1‑S4 
patient groups, and their expression levels were >2‑fold higher 
compared with those in the S0 group. The numbers of miRNAs 
differentially expressed in the S1‑S4 patient groups were 48, 

97, 84 and 56, respectively, with 12 miRNAs differentially 
expressed at all stages, 10 of which were upregulated and two 
of which were downregulated. The target genes of the miRNAs 
identified were found to be involved in 100 signal transduction 
pathways, the majority of which affected hepatic fibrosis via 
the TGF‑/Smad, Wnt, MAPK, Jak/STAT and VEGF pathways. 
The differential expression levels of miRNAs were closely 
associated with the staging of hepatic fibrosis. The results of 
the present study provide evidence to facilitate the develop-
ment and application of non‑invasive biomarkers for earlier 
diagnosis of hepatic fibrosis.

Introduction

Chronic hepatitis B virus (HBV) infection is one of the 
most life threatening diseases affecting humans, which may 
lead to hepatic cirrhosis, hepatocellular carcinoma (HCC) 
or even mortality. It is estimated that of the 6,000,000,000 
individuals worldwide, 2,000,000,000 are infected with 
HBV and 350,000,000 individuals suffer from chronic HBV 
infection. The mortality rate of HBV resulting from hepatic 
failure, cirrhosis or primary HCC is 1,000,000/year (1). The 
mortality rate of hepatic cirrhosis in China is estimated to be 
9.5/100,000. Therefore, earlier diagnosis and sustained follow 
up of the progression of hepatic fibrosis is key for the effec-
tive improvement of the prognosis of those with chronic HBV 
infection.

MicroRNA (miRNA) is endogenous small single‑stranded 
non‑coding RNA of between 18 and 24 nucleotides in length. 
miRNA controls the expression levels of target genes at the 
post‑transcriptional level by degrading target mRNA or 
suppressing mRNA translation following its specific binding 
to target mRNA (2). It has been demonstrated that miRNA is 
also involved in the development of fibrosis of the lung and 
kidney (3,4). It has been reported that variable expression levels 
of miRNA are observed in patients with chronic hepatic injury, 
with changes in the relevant expression levels of miRNA accel-
erating the development and progression of fibrosis (4,5). The 
present study aimed to examine the plasma miRNA biomarkers 
associated with fibrosis in patients with chronic HBV infection 
using Agilent miRNA microarray scanning.
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Patients and methods

Clinical cohort establishment. A total of 50 patients were 
recruited in the clinical cohort between October 2012 and 
October 2013 through multi‑center cooperation (Shanghai 
First People's Hospital and Shanghai Ruijin Hospital). The 
cohort comprised male and female (17:8) patients with a mean 
age of 41 years. The patient inclusion criteria was a diagnosis 
of chronic HBV infection or a sustained positive result in hepa-
titis Be antigen (HBsAg) and/or HBV DNA tests subsequent to 
a six month medical history of positive HBsAg. Diagnosis was 
made according to the Guideline of Prevention and Treatment 
of Chronic HBV Infection (6). The exclusion criteria included: 
HIV or hepatitis C infection, alcohol assumption of >30 g/day, 
hepatic injury due to metabolism or other causes, history of 
treatment for hepatic diseases or a liver biopsy not suitable for 
analysis. Fasting venous blood was collected from each patient 
in the morning 1 week prior to liver biopsy. Whole blood and 
biochemical assessment, HBV quantification and HBV DNA 
quantification were also performed, and the plasma samples 
were stored at ‑80˚C. All patients with chronic HBV infection 
underwent a liver biopsy followed by pathological analysis, 
and the degree of hepatic fibrosis was determined according 
to Scheuer's Criteria (S0, no liver fibrosis; S1, expansion of 
portal fibrotic area; S2, fibrosis observed in and around portal 
area, may have formed fibrous septum; S3, clear fibrosis 
and hepatic lobule structure disorder but no cirrhosis; S4, 
early cirrhosis) (7). The present study was approved by the 
ethics committee of The First People's Hospital Affiliated 
to Shanghai Jiao‑Tong University (Shanghai, China). Written 
informed consent was provided by the patients prior to the 
collection of samples.

Collection and storage of plasma samples. A total of 
2 ml peripheral blood was collected from each patient and 
was transferred into EDTA anticoagulation tubes. Following 
collection, the following procedure was performed either 
within 1 h at room temperature or 2 h in a 4˚C environment: 
The samples were centrifuged at 820 x g for 10 min, following 
which 1 ml supernatant was collected and transferred into 
1.5 ml centrifuge tubes. The samples were centrifuged again 
at 16,000 x g for 10 min and the supernatant was carefully 
collected and transferred into centrifuge tubes, which were 
then stored at ‑80˚C.

RNA extraction of plasma. RNA extraction was performed 
using an mirVana PARIS kit (Agilent Technologies, Inc., Santa 
Clara, CA, USA), according to the manufacturer's instructions. 
The quality of the extracted RNA was subsequently confirmed 
using electrophoresis and was deemed suitable for use if 2100 
RNA integrity number 6.0 and 28S/18S≥0.7. An Agilent 
miRNA microarray kit (Agilent Technologies, Inc.) was then 
used for fluorescent labeling of the miRNA from the suitable 
RNA samples.

Microarray hybridization and scanning. The miRNA conju-
gated with the fluorescent label were applied to the microarray 
following probe denaturation with dimethyl sulfoxide. The 
microarray was incubated in a hybridization oven at 55˚C 
with 20 rpm agitation for 20 h. Following hybridization, 

the microarray was washed and scanned using an Agilent 
Microarray Scanner (Agilent Technologies, Inc.).

Analysis of miRNA microarray data. Screening of the different 
miRNAs was performed by applying the digital gene expression 
differential method, described by Audic et al (8) to the analysis. 
The genes defined as differentially expressed were those with a 
false discovery rate (FDR) ≤0.05 and fold change ≥2. Based on 
the expression status in the different groups, those miRNAs with 
expression levels exhibiting linear correlation with grouping 
were screened.

Cluster analysis. MeV software, version 4.7.4 (http://www.tm4.
org/mev.html) was applied to the cluster analysis of the different 
miRNAs. Strata cluster, a method of non‑monitoring cluster 
analysis, was used to achieve the clustering of the different 
miRNAs and groups of samples, enabling the detection of the 
differential effects of miRNA in the different groups.

Trend analysis. Log standardization of different miRNAs was 
performed to facilitate trend analysis. The mean value of miRNA 
expression was calculated in the S0‑S4 groups. The base 1 loga-
rithm of the mean value from S1-S4 - the logarithm of the mean 
value of S0 was applied to a plot graph, which demonstrated the 
trend of miRNA change in the different groups.

Gene ontology (GO) analysis. In order to detect the target 
genes of those miRNAs with different expression levels and 
to evaluate their function, GO annotation was applied to the 
target gene, according to the GO database (http://www.geneon-
tology.org/). The GO values involved with these genes were 
determined and the Fisher exact test and χ2 test were used to 
determine the significance level and error rate of each GO value 
to enable screening of the significant GO terms reflected by the 
target gene. P<0.01 was considered to indicate a statistically 
significant difference.

Pathway analysis. In order to determine the cell pathways 
affected by the target gene with differential miRNA expres-
sion, a Fisher exact test and χ2 square test were used to 
determine the significance of the pathways, which the target 
gene is involved in, based on the Kyoto Encyclopedia of Genes 
and Genomes (KEGG) database. P<0.05 was considered to 
indicate a statistically significant difference.

Statistical analysis. Feature Extraction software 10.7 (Agilent 
Technologies, Inc.) was used to determine the expression 
data from the microarray, based on the plasma sample. Data 
normalization was performed using Quantile (9). The data 
are expressed as the mean ± standard deviation. Statistical 
analysis was performed using SPSS 18.0 (IBM SPSS, Chicago, 
IL, USA). Group comparison was performed using an inde-
pendent samples t‑test. P<0.05 was considered to indicate a 
statistically significant difference.

Results

Establishment of the clinical cohort. The clinical cohort 
of miRNA was established using male and female (17:8) 
patients with the mean age of 41 years. All subjects received a 
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percutaneous liver biopsy followed by pathological diagnosis 
to determine the staging of fibrosis, according to Scheuer's 
criteria. The subjects were then divided into five groups, 
depending on the staging of fibrosis (S0‑S4). Detailed clinical 
data of the patients are presented in Table I.

miRNA microarray analysis. Agilent miRNA bio‑microarray 
scanner and extraction software were used for analysis of the 
miRNA microarray. An inter‑group t‑test was performed to 
screen the different miRNAs. The results revealed that there 
werere 140 miRNAs with >2‑fold change in the S1‑S4 groups, 
compared with the S0 group. Compared with the SO group, the 
number of miRNAs differentially expressed in the the S1 group 
was 48 (28 upregulated; 20 downregulated); In the S2 group, 
the number of miRNAs differentially expressed, compared 
with the S0 group was 97 (49 upregulated; 48 downregulated), 
with five upregulated >5 fold and four downregulated to 
≤20%. In the S3 group, the number of miRNAs differentially 
expressed, compared with the S0 group, was 84 (57 upregu-
lated and 27 downregulated), with six upregulated >10 fold. In 
the S4 group, the number of miRNAs differentially expressed, 
compared with the S0 group, was 56 (40 upregulated and 
16 downregulated). In total, 12 miRNAs were differentially 
expressed in all stages (10 upregulated; 2 downregulated), 
as shown in Table II. The miRNAs, which were upregulated 
>5 fold, compared with the S0 group, were hsa‑miR‑4651 and 
hsa‑miR‑4695‑5p, and those downregulated >5 fold, compared 
with the S0 group, were hsa‑miR‑486‑3p and hsa‑miR‑497‑5p,  
(P<0.05).

Cluster analysis. Surveillance‑based cluster analysis was 
performed using the method of Euclidean Distance to analyze 
the miRNAs with different expression levels in terms of 
hepatic fibrosis. A hierarchical cluster graph of the miRNAs 
with different expression levels and fibrosis grouping revealed 
the characteristics of the expression levels of miRNA in 
different Scheuer stages. The plasma samples with lower levels 

of fibrosis, according to Scheuer's criteria, were concentrated 
to the left of the graph. The plasma samples with higher levels 
of fibrosis, according to Scheuer's criteria, were concentrated 
to the right of the graph. As shown in Figs. 1 and 2, the inten-
sity of miRNA expression is highlighted in green (lower level 
of expression) and red (higher level of expression).

Trend analysis. Log standardization was applied to the 
different miRNAs to eliminate the effect from varied base-
line values and to facilitate trend display in the different 
groups (Fig. 3). This demonstrated that hsa‑miR‑4695‑5p, 
hsa‑miR‑486‑3p and hsa‑miR‑497‑5p were suitable for use as 
markers to differentiate between the different stages of hepatic 
fibrosis due to HBV infection.

GO functional analysis revealed that the biological 
processes, with which the differentially expressed target 
gene was markedly involved included biopolymers, signal 
transduction, protein metabolism and lipid metabolism. The 
biological processes identified to have significant involvement 
of the differentially expressed target gene included molecule 
functional activation, transmembrane transport, phosphotrans-
ferase activity upgrade, binding with protein, purine nucleotide 
metabolism upgrade, peptidase activation, oxidoreductase 
activation, binding with L‑amino acid peptidase and cytokine 
activation (Fig. 4).

Pathway significance concentration analysis revealed that 
the differentially expressed genes were involved in 100 signifi-
cant signal transduction pathways, including TGF‑β/Smad, 
Wnt, MAPK, Jak/STAT and VEGF, which have a significant 
impact on hepatic fibrosis (Table III) (10‑13).

Discussion

Hepatic fibrosis is one of the common characteristics of 
chronic liver disease. Early diagnosis and sustained follow‑up 
of the progression of hepatic fibrosis is essential in terms of 
preventing hepatic cirrhosis and end‑stage hepatic disease, 

Table I. Clinical data of 50 patients with HBV infection and hepatic fibrosis.

Index S0 (n=10) S1 (n=10) S2 (n=10) S3 (n=10) S4 (n=10)

Male (%) 80 70 80 70 60
Age (years) 38.6±9.1 40.9±12.3 40.1±9.6 37.7±5.7 49.2±8.6
ALT (U/l) 35.7±17.4 38.5±16.3 60.8±19.5 52.4±21.8 48.2±24.1
AST (U/l) 30.9±10.6 31±7.3 60.3±62.3 37±9.2 50.1±32.7
GGT (U/l) 35.3±36.1 18.7±7.0 52.3±47.1 38.7±19.4 29.4±24.1
AKP (U/l) 74.6±32.7 63.3±19.3 70±29.9 67.9±15.1 74±22.5
TBil (µmol/l) 14.8±3.2 19.89±8.2 21.44±9.9 14.02±3.0 17.42±9.2
DBil (µmol/l) 2.5±0.5 3.3±1.3 6.6±9.2 1.9±1.0 2.92±2.9
TP (g/l) 71±4.9 69±6.1 74±4.1 72±4.4 71±5.7
Alb (g/l) 43.4±1.9 43.7±3.0 42.5±3.7 42±2.3 42.7±4.5
HBV‑DNA (IU/ml) 1.71x107±3.19x107 1.22x108±2.37x108 3.99x106±5.74x106 7.51x106±1.57x106 4.05x106±8.42x106

HBeAg + (%)  40 70 90 70 50

Data are expressed as the mean ± standard deviation. ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, γ glutamyl trans-
peptidase; AKP, alkline phosphatase; TBil, total bilirubine; DBil, direct bilirubin; TP, total protein; Alb, albumin; HBeAg, hepatitis Be antigen; 
HBV, hepatitis B virus.
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Table II. MicroRNAs exhibiting differential expression levels in the S1‑S4 groups compared with the S0 group (fold change and 
expression trend).

 Fold change
 ----------------------------------------------------------------------------------------------
MicroRNA S1/S0 S2/S0 S3/S0 S4/S0 P‑value Trend of expression

hsa‑miR‑2861 2.37 2.60 2.48 3.12 0.0004 Upregulation
hsa‑miR‑345‑3p 2.62 2.62 2.47 2.19 0.0053 Upregulation
hsa‑miR‑3620‑3p 4.60 8.09 8.09 3.76 0.0013 Upregulation
hsa‑miR‑3656 2.22 2.19 2.23 2.22 0.0018 Upregulation
hsa‑miR‑371a‑5p 3.55 4.10 4.02 2.41 0.0057 Upregulation
hsa‑miR‑4646‑5p 3.15 2.96 4.47 2.21 0.0052 Upregulation
hsa‑miR‑4651 5.13 7.78 7.26 4.39 0.0025 Upregulation
hsa‑miR‑4695‑5p 5.20 9.01 9.81 6.77 0.0016 Upregulation
hsa‑miR‑4800‑5p 2.63 2.58 3.69 2.34 0.0044 Upregulation
hsa‑miR‑638 2.42 2.59 2.65 2.88 0.0016 Upregulation
hsa‑miR‑497‑5p 0.23 0.23 0.21 0.35 0.0058 Upregulation
hsa‑miR‑486‑3p 0.23 0.14 0.37 0.45 0.0043 Upregulation

Figure 1. Cluster analysis of miRNAs in patients with hepatitis B virus infection and hepatic fibrosis. The horizontal axis on the graph represents the Scheuer 
stages, the vertical axis indicates plasma miRNAs with altered levels of expression. The intensity of miRNA expression is indicated in green (reduced level of 
expression) and red (higher level of expression). (A) S1, vs. S0, (B) S2, vs. S0, (C) S3, vs. S0, (D) S4 vs. S0. miRNA, microRNA.

  A   B

  C   D
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which result from chronic liver diseases. The follow up of the 
chronic progression of hepatic diseases by routine liver biopsy 
and histological assessment are associated with multiple 
limitations, including patient compliance, risks associated 
with the intervention, varied biopsy technique, inconsistency 
between ‘inner-observer’ and ‘inter-observer’, false negatives, 
and inconvenience in sustained assessment and follow up (14). 
Non‑invasive diagnosis indices or predictive models for 
hepatic fibrosis, including the Forns index (15), Fibrotest (16) 
and APRI index, are all established based on chronic hepa-
titis C and alcoholic liver diseases. A non‑invasive predictive 
model, which is specific for chronic HBV infection and hepatic 
fibrosis has not yet been developed.

miRNA is small non‑coding RNA, comprising 21‑25 nucle-
otides. miRNA controls the expression of target genes at the 
post‑transcriptional level by binding to the non‑coding region of 

the target gene (17). A previous study reported that one single 
miRNA can bind with hundreds of target mRNAs with varied 
functions, resulting in its modulation of mRNA (18). miRNA 
is involved in almost all pathological and physical activities in 
mammals, therefore, it is closely correlated with the development 
and progression of various diseases (19). It is now understood 
that there is an almost equal quantity of miRNA in human serum 
and plasma, which is termed circulative miRNA (20). This type 
of endogenous micromolecule non‑coding RNA with modula-
tion activity is characterized by high stability when combined 
with proteins in the serum and plasma, providing the possibility 
of evaluating circulative miRNA as biomarker. These miRNAs 
are not degraded by endogenous or exogenous ribonucleotidases 
in the blood and, are refractory to high or low temperatures, 
high pH, repetitive freeze thawing or extreme acid and base 
environments (21). In addition, the expression of the miRNA 

Table III. Top 15 channels identified as involved with target genes exhibiting differentially expressed mRNA patients with hepa-
titis B virus infection and hepatic fibrosis.

  Target  False discovery
Category Signaling pathway genes involved (n) P‑value rate

PDGF MAPK 56 1.00‑18 0.00
 PI/3K   2.08-06 2.33-05

 PI3K/p85  6 1.40-04 6.26-04

 Erk1/Erk2 Mapk  14 4.59-11 1.15-09

 Jak‑STAT 31 4.02-10 8.53-09

 Ras   7 1.74-04 7.16-04

Rho Rho 12 6.30‑08 7.70-07

TGF‑β TGF‑β/Smad 19 1.83-07 2.00-06

mTOR mTOR 15 8.37‑08 9.92-07

 AKT/mTOR    8 5.94-06 4.20-05

Blood vessel regeneration VEGF 16 3.29-06 2.60-05

 VEGF, anoxia, angiogenesis   9 1.72-05 1.05-04

Wnt Wnt 40 1.00‑18 0.00
Integrin Integrin   9 1.79-04 7.27-04

Toll‑like receptor Toll‑like receptor 16 1.48-04 6.49-04

Figure 2. Cluster analysis of differentially expressed miRNAs in different Scheuer's stages. The horizontal axis represents different Scheuer stages (S0‑S4), 
the vertical axis indicates the differentially expressed miRNAs. The intensity of the miRNA expression is indicated in green (lower level of expression) and 
red (higher level of expression).
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remains consistent among healthy individuals, without signifi-
cant individual differences, while disease significantly affects 
the expression levels of circulative miRNA (20,22), leading to 
favorable repeatability and comparability. Different diseases are 
associated with different miRNA expression profiles, indicating 
that circulative miRNA can be used as an effective non‑invasive 
diagnostic parameter and ideal marker in the blood for disease 
diagnosis.

It has been demonstrated that the expression levels of 
miR‑141 in the serum can be used to diagnose advanced 
stage prostate cancer. In addition, differential expression 
levels of circulative miRNA have also been observed in 
patients with gastrointestinal cancer, including esophageal 
cancer, gastric cancer, hepatic cancer and large intestine 
cancer (20,23-25). A previous study on the miRNA expres-
sion levels in the serum of patients with chronic HBV 

Figure 4. Determination of the GO molecular functions modulated by differentially expressed miRNAs in patients with hepatitis B virus infection and hepatic 
fibrosis. The target genes were selected based on the GO database. Each GO significance level and misjudgment rate was calculated using Fisher's exact test 
and a χ2 test (P<0.01). GO, gene ontology.

Figure 3. Trend analysis of different miRNAs. The expression trends of different miRNAs associated with the progression of hepatic fibrosis is shown. The 
expression levels of hsa‑miR‑2861, hsa‑miR‑345‑3p, hsa‑miR‑3620‑3p, hsa‑miR‑3656, hsa‑miR‑371a‑5p, hsa‑miR‑4646‑5p, hsa‑miR‑4651, hsa‑miR‑4695‑5p, 
hsa‑miR‑4800‑5p and hsa‑miR‑638 were upregulated and the expression levels of hsa‑miR‑486‑3p and hsa‑miR‑497‑5p were downregulated. miR/miRNA, 
microRNA.
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infection by Zhang et al (26) demonstrated that miRNA‑122 
can be used as marker of hepatic tissue injury, with favorable 
sensitivity and specificity. Xu et al (27) demonstrated that the 
serum levels of miR‑21, miR‑122 and miR‑223 are increased 
in patients with chronic HBV infection and in patients with 
hepatocarcinoma, therefore, they may be regarded as specific 
markers of hepatic injury, although they are not specific for 
hepatocarcinoma.

In the present study, a mathematical multiple analytical 
method was applied to variation analysis. miRNAs, which 
have a ratio between 0.5 and 2.0 are not considered indicative 
of significant differences in expression levels, while a ratio 
beyond 0.5-2.0 is regarded as a significant change in expres-
sion. Therefore, the present study screened for miRNAs with 
upregulated or downregulated expression levels with a fold 
change >2 and FDR <0.05 in patients with hepatic fibrosis 
(S1‑4/S0), and for miRNAs exhibiting consistent expression in 
the S1-4 patients. The results demonstrated that those miRNAs 
exhibiting a trend of consistent expression were predominantly  
upregulated. Upregulated target genes are involved in signal 
transduction pathways, including JAK/STAT, MAPK and p53, 
while target genes with downregulated miRNAs are predomi-
nantly involved in fatty acid metabolism and intracellular 
protein transportation‑associated pathways (28).

Among the 12 miRNAs identified with significant changes 
in expression levels, preliminary understanding of the effects 
of hsa‑miR‑345‑3p, hsa‑miR‑371a‑5p, hsa‑miR‑486‑3p, 
hsa‑miR‑497‑5p and hsa‑miR‑2861 have been previously 
obtained. Shiu et al (29) revealed that hsa‑miR‑345‑3p 
facilitates the progression of hepatocarcinoma by negatively 
regulating p21waf1/Cip1 in cancer cells. Li et al (30) demon-
strated that hsa‑miR‑371a‑5p promotes the progression of 
nasopharyngeal carcinoma by its positive regulation of the 
TGF‑β pathway. Other previous studies (31,32) have reported 
that hsa‑miR‑2861 exerts negative modulation on chordoma 
and basalioma through the mitogen‑activated protein kinase 
pathway. The present study observed upregulated expres-
sion levels of hsa‑miR‑345‑3p, hsa‑miR‑371a‑5p and 
hsa‑miR‑2861 with the development of hepatic fibrosis, 
however, the detailed mechanism remains to be elucidated. 
Kanda et al (33) demonstrated that the expression of 
hsa‑miR‑486‑3p in hepatic tissue is upregulated in mice with 
obstructive jaundice resulting from bile duct ligation, while 
its expression in hepatocarcinoma is downregulated (34). 
Another previous study (35) revealed that hsa‑miR‑486‑3p 
exerts a positive regulatory effect on glioma via the nuclear 
factor‑κB signaling pathway. The present study demonstrated 
a trend of downregulation of hsa‑miR‑486‑3p with the 
progression of hepatic fibrosis, however, its clinical relevance 
remains to be elucidated. Furuta et al (36) reported that 
hsa‑miR‑497‑5p exerts a negative regulatory effect on hepa-
tocarcinoma by inhibiting the G1‑S of cancer cells. Another 
previous study (37) demonstrated that hsa‑miR‑497‑5p inhibits 
the proliferation, migration and invasion of colon cancer cells 
by negatively regulating IGF‑1. Yadav et al (38) demonstrated 
that hsa‑miR‑497‑5p is associated with apoptosis, resulting 
from the effect this has on the BCL family. In the present 
study, downregulation of hsa‑miR‑497‑5p was observed in all 
stages of hepatic fibrosis, with a maximum fold change of 10. 
The detailed mechanism remains to be elucidated.

The present study had several limitations. Although the 
changes in the plasma miRNA expression levels was based on 
the screening of samples from patients with hepatic fibrosis 
due to HBV infection, whether it is specific to hepatic fibrosis 
due to HBV infection remains to be elucidated. Further inves-
tigations are required to exclude other confounding factors. 
In addition, hepatic fibrosis staging is the only categorization 
factor used in the present study, and the effects of inflamma-
tion and qualification of viral load on the results have not been 
excluded.

In the present study, a set of miRNAs, potentially corre-
lating with the development of hepatic fibrosis due to HBV 
infection, were identified based on gene microarray screening, 
may be used as a potential diagnostic marker to differentiate 
patients with chronic HBV infection and hepatic fibrosis at 
different stages. Since miRNA is relatively stable and readily 
obtainable from serum/plasma, this method provides a novel 
non‑invasive option for the diagnosis of chronic HBV infec-
tion with hepatic fibrosis and for the staging of this condition. 
Future investigations aim to screen miRNAs that may be 
correlated with the staging of hepatic fibrosis due to HBV 
infection and confirming the correlation between microarray 
results and hepatic fibrosis using methods, including quantita-
tive polymerase chain reaction. Further investigations aim to 
expand on current knowledge regarding miRNA in the devel-
opmental mechanism of hepatic fibrosis due to HBV infection, 
and to identify novel serum molecular biological targets for 
the diagnosis of hepatic fibrosis caused by HBV infection.
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