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Serum microRNA-125a-5p, a useful biomarker in
liver diseases, correlates with disease progression
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Abstract. It has been demonstrated that liver
microRNA-125a-5p (miR-125a-5p) is correlated with disease
progression in different liver diseases, including liver fibrosis
and hepatocellular carcinoma (HCC). The present study
investigated whether serum miR-125a-5p correlated with the
progression of different liver diseases. Serum samples were
obtained from healthy individuals, patients with chronic hepa-
titis B who had undergone a liver biopsy, and patients with HCC
and were analyzed for the levels of miR-125a-5p. Compared
with the healthy controls, the serum levels of miR-125a-5p
were significantly higher in the liver fibrosis serum, and were
reduced in HCC. With the development of liver fibrosis, there
was a significant increase in the expression of miR-125a-5p
(P<0.05). In comparing histological activity index (HAI)
scores, higher expression levels of miR-125a-5p were observed
in the high HAI score group (P<0.05). Furthermore, corre-
lation between serum miR-125a-5p and viral replication
(P<0.001) was observed. Notably, miR-125a-5p demonstrated
significant correlation with other markers in the liver fibrosis
group (P<0.001). In the patients with HCC, lower serum levels
of miR-125a-5p were correlated with a poor prognosis, deter-
mined by Kaplan-Meier curve analysis (P=0.009). In the liver
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fibrosis and HCC groups, different expression levels of serum
miR-125a-5p were observed, and were correlated with disease
progression. The results of the present study suggested that
serum miR-125a-5p may be used as a non-invasive biomarker
for monitoring disease progression in liver diseases.

Introduction

MicroRNAs (miRNAs) are a class of small non-coding RNAs,
which can downregulate gene expression through binding
to the 3'-untranslated region of target mRNAs, resulting in
mRNA degradation and translation inhibition (1). They have
crucial roles in the control of several physiological processes,
including development, differentiation, apoptosis, proliferation
and metabolism, however, abnormally expressed miRNAs
are involved in various human diseases, including cancer (2).
miRNAs located in fragile sites or aberrant genomic regions
have oncogenic or suppressive roles in cancer (3). Notably,
different expression levels of the same miRNA can occur in
various human diseases. For example, the expression levels
of miRNA (miR)-125a-5p in liver fibrosis and hepatocellular
carcinoma (HCC) may be different (4,5). miR-125a is located
at 19q13, which is frequently deleted in types of human
cancer. A previous study demonstrated that the expression
of miR-125a-5p was decreased in HCC tissues and cell lines,
and was associated with aggressive pathological features (4).
However, the results differed in liver fibrosis tissues. Higher
levels of miR-125-5p were observed in the liver of patients with
a histological activity index (HAI) >6 and a fibrosis score >2,
compared with patients with lower scores (5). In addition, the
expression of liver miR-125-5p was lowest at HAI=0, fibrosis
score=0. Additionally, the liver expression of miR-125-5p
correlated with plasma hepatitis B virus (HBV)-DNA. From
these previous studies, it is evident that miR-125a-5p is a
useful marker in liver diseases.

However, obtaining liver tissue is a significant challenge,
as liver biopsy is causes pain to the patients, miRNAs in
the tissues are unsuitable as diagnostic markers, therefore, a
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non-invasive marker for liver diseases is required. Previous
studies have demonstrated that circulating miRNAs are
detectable in the serum and plasma in a form, which is suffi-
ciently stable to serve as a biomarker (6-9). Since the levels of
miRNAS in the serum and plasma are markedly correlated,
either the serum or plasma can be used for the investigation of
blood-based biomarkers (8).

Several investigations have reported the role of miR-125a-5p
in liver fibrosis and HCC, however, the significance of serum
miR-125a-5p in patients with chronic hepatitis B (CHB) and
HCC remains to be elucidated. HBV chronically infects
>250 million individuals worldwide and is one of the leading
causes of hepatitis, cirrhosis and HCC (10). In China, ~7.8% of
the population are HBV carriers of HBV, which is two-thirds
of the total number of carriers worldwide (11). Therefore, as a
predominant etiological factor, HBV infection is a major cause
of liver disease in China. With the development of chronic HBV
infection, the risk of cirrhosis and HCC is increased. This risk
is associated with the level of HBV-DNA and the persistence of
HBeAg (12). Therefore, the association between serum levels
of miR-125a-5p and different stages of liver diseases, including
liver fibrosis and HCC, require further elucidation.

The present study investigated the expression of serum
miR-125a-5p in patients with CHB and HCC to evaluate its
clinical significance in different liver diseases.

Materials and methods

Study subjects. Blood samples (5 ml) were obtained from
patients attending the First Affiliated Hospital of Wenzhou
Medical University (Wenzhou, China) and the Second Yinzhou
Hosptial (Ningbo, China) between 2007 and 2011 (Table I)
through median cubital vein. The present study comprised a
total of 164 healthy controls, with normal liver biochemistry,
no history of liver disease or alcohol abuse, and no viral
hepatitis, 91 patients with CHB and 120 patients with HCC.
Demographic and clinical information was obtained, and a
blood sample was collected from each patient. The patients
with CHB were naive to nucleos(t)ide analogues and interferon
therapy, and exhibited no marker of hepatitis C, hepatitis D
or human immunodeficiency virus infection, no history of
alcohol intake and no clinical or biochemical signs of liver
cirrhosis. The blood sample was obtained for each patient on
the day which they underwent a diagnostic liver biopsy. The
diagnosis of HCC was based on histopathological assess-
ment (13). For patients with HCC, the blood samples were
obtained at the time of initial consultation, prior to definitive
surgical intervention and/or adjuvant therapy. The follow-up
period was used for calculating HCC patient survival rate.
The follow-up period was defined as the time from the date
of surgery to the date of patient mortality or the last follow-up
point. Follow up was completed on January 1, 2013. Informed
consent was obtained from all individuals for the use of their
blood samples in the present study. The study was approved
by the Ethics Committee of the First Affiliated Hospital of
Wenzhou Medical University.

Liver histology. Liver biopsy was performed using a 16-gauge
Menghini needle. The samples were fixed in 10% neutral-buff-
ered formalin (Changfeng, Wenzhou, China), embedded
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in paraffin (Wenzhou Changfeng Biotechnology Co., Ltd.,
Wenzhou, China) and stained with 1 ml hematoxylin and
eosin (Beyotime Institute of Biotechnology, Haimen, China)
for 5 min. The samples from 91 CHB patients were reviewed
by experienced hepatopathologists in a blinded manner. The
HALI and fibrosis stages (FO=no fibrosis-F6=cirrhosis) were
assessed, according to the Ishak scoring system (14).

Blood sample processing. The blood samples were centrifuged
at 3,400 x g for 7 min at room temperature using a micro 17R
centrifuge (Thermo Fisher Scientific, Fair Lawn, NJ, USA),
within 4 h of being obtained. The sera were subsequently
transferred into Eppendorf tubes (Eppendorf AG, Hamburg,
Germany) and centrifuged at 12,000 x g for 10 min at 4°C to
remove the remaining cells. The serum samples were stored at
-80°C pending RNA extraction.

Detection of miR-125a-5p by reverse transcription-quantita-
tive polymerase chain reaction (RT-gPCR). Total RNA was
extracted from the serum samples using an miRNeasy Mini kit
(Qiagen, Carlsbad, California, USA), according to the manu-
facturer's instructions. To remove any contaminating DNA in
the total RNA, 1 ul 2 U/ul DNase (Qiagen) was used and the
final elution volume was 20 ul. Prior to the RT reaction, the
serum RNA preparations were quantified on a Nanodrop 1000
(Nanodrop, Wilmington, Delaware, USA). The RT reaction
was performed in a 20 ul reaction volume using a TagMan
MicroRNA Reverse Transcription kit (Applied Biosystems,
Foster City, CA, USA). For the synthesis of cDNA, the reaction
mixtures were sequentially incubated at 16°C for 30 min, 42°C
for 30 min and 85°C for 5 min. The miR-125a-5p was then
quantified in triplicate by qPCR using TagMan MicroRNA
Assay kits (Applied Biosystems). qPCR was performed in
an ABI 7500 Real-Time PCR system (Applied Biosystems),
according to the standard TagMan MicroRNA assay instruc-
tions, with the following cycles: 95°C for 10 min, followed by
40 cycles of 95°C for 15 sec and 60°C for 60 sec. Each ampli-
fication reaction was performed in a final volume of 20 ul
containing 2 ul of the cDNA (100 ng/reaction), 10 ul TagMan
2X Universal PCR Master mix without AmpErase Uracil
N-glycosylase, 1 ul miRNA-specific TagMan probes, 2 ul
10X primers and 5 ul RNase-free water (Assay ID 000448;
Applied Biosystems). The cycle threshold (Ct) values were
calculated using SDS 2.0.1 software (Applied Biosystems).
The relative expression levels of miR-125a-5p were calcu-
lated and normalized against that of U6 small nuclear RNA
(Applied Biosystems), using the comparative ACt method with
the equation 224, as described previously (15).

Serum hepatitis marker and liver fibrosis marker analysis. For
the patients with CHB, the HBV-DNA was quantified using
an Artus HBV QS-RGQ kit (Qiagen), with a lower detection
limit of 10.2 TU/ml. Analyses of the levels of serum hyaluronic
acid (HA), laminin (LN), type III procollagen protein (PCIII)
and type IV collagen (IV-C) were performed using a Magnetic
Immunity Chemiluminescence assay (Shenzen New Industries
Biomedical Engineering Co., Ltd., Shenzhen, China).

Statistical analysis. Statistical analyses were performed
using SPSS 13.0 software (SPSS, Inc., Chicago, IL, USA).
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Differences between the different groups were determined
using a Mann-Whitney U test. Data are presented as the
median (range). P<0.05 was considered to indicate a statisti-
cally significant difference. Box plots were constructed, with
vertical lines indicating the range and horizontal boundaries of
the boxes indicating the first and third quartile. The correlation
coefficients (r) were calculated using Spearman's correlation.
Survival curves were plotted using the Kaplan-Meier method
and were analyzed using the log-rank test.

Results

Patient population. A total of 375 subjects were recruited into
the present study (Table I), comprising 164 healthy individuals,
91 patients with liver fibrosis and 120 patients with HCC. In
the present study, HBV was the underlying etiology of liver
disease in 100% of the patients in the liver fibrosis group and
85% of patients in the HCC group.

Expressionlevels of serum miR-125a-5p in the different groups.
The serum levels of miR-125a-5p were detected in different
categories (Table IT). The median levels of serum miR-125a-5p
were 1.44 in the healthy individuals, 3.66 in the liver fibrosis
group and 0.68 in the HCC group. These results demonstrated
that the levels of serum miR-125a-5p were markedly increased
in the liver fibrosis group and significantly reduced in the HCC
group, compared with the controls (P<0.05; Fig. 1).

Expression levels of serum miR-125a-5p and quantitative
HBV-DNA in liver fibrosis. The results revealed that the expres-
sion levels of miR-125a-5p in the different liver fibrosis stages
were higher in the liver fibrosis and HCC groups compared
with the healthy controls (Table IT). Notably, with the develop-
ment of liver fibrosis, there were significant increases in the
expression levels of miR-125a-5p (P<0.05; Fig. 2A). In terms
of the HAI scores, higher expression levels of miR-125a-5p
were observed in the high HAI score patient group (P<0.05;
Fig. 2B). However, the levels of HBV-DNA were not correlated
with the stages of fibrosis or the HAI scores (P>0.05; Table I1I;
Fig. 3A and B). Furthermore, the present study demonstrated
that there was a significant positive correlation between the
expression levels of miR-125a-5p and the levels of HBV-DNA
(P<0.001; Fig. 4).

Expression levels of serum miR-125a-5p and other markers
of liver fibrosis. The expression levels of miR-125a-5p were
markedly increased in liver fibrosis, compared with the healthy
individuals. In addition, the expression levels of other markers
associated with liver fibrosis were analyzed (Table IV). The
findings demonstrated that there was a significant positive
correlation between the expression levels of miR-125a-5p and
the expression levels of HA, LN, PCIII and I'V-C (P<0.001;
Table V).

Expression levels of serum miR-125a-5p in HCC. The expres-
sion levels of serum miR-125a-5p were reduced in the patients
with HCC compared with the healthy individuals or the liver
fibrosis group (P<0.05; Fig. 1A). In addition, the expression
levels of miR-125a-5p in patients with HBsAg (+) HCC were
higher compared with the patients with HBsAg (-) HCC
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Figure 1. Levels of serum miR-125a-5p were detected in healthy control
individuals (n=146), patients with CHB (n=91) and HCC (n=120). ‘P<0.05,
compared with the healthy controls. Data are presented as the median (range).
HCC, hepatocellular carcinoma; CHB, chronic hepatitis B; miR, microRNA.
CHB, chronic hepatitis B; HCC, hepatocellular carcinoma.

(P<0.05; Fig. 5). Notably, the expression levels of miR-125a-5p
differed between the HCC and liver fibrosis groups, indi-
cating that serum miR-125a-5p may be suitable for use as a
diagnostic biomarker in HCC. Additionally, the association
between miR-125a-5p and the prognosis in patients with HCC
was analyzed by Kaplan-Meier survival analysis. The patients
with HCC were divided into low and high expression groups,
based on the median expression levels of miR-125a-5p (0.68).
The results indicated that patients with HCC exhibiting low
expression levels of miR-125a-5p had a lower survival rate
compared with those with exhibiting high expression levels
of miR-125a-5p, with median survival rates of 30.66 and
39.04 months, respectively; P=0.009; Fig. 6).

Discussion

In China, CHB is a significant public health problem, due to
the huge number of infected individuals and high costs of
treatment (16). Chronic HBV infection induces a series of liver
diseases, ranging between a clinically asymptomatic carrier
state and the development of cirrhosis-associated complica-
tions and HCC (17,18). The predominant goal of clinical
antiviral therapy is to inhibit the progression of liver disease. In
the present study, significant increases in the expression levels
of serum miR-125a-5p were observed in different states of
liver fibrosis, between F1 and F6. This indicated that increased
serum miR-125a-5p was correlated with disease progression. A
similar result was observed in the correlation between expres-
sion levels of serum miR-125a-5p and HAI scores. However,
no correlation was observed between the levels of HBV-DNA
and the stage of liver fibrosis stages, nor was there any correla-
tion between the levels of HBV-DNA and the HAI score. This
indicated that the levels of HBV-DNA may not provide a good
biomarker for the development of liver fibrosis. However, liver
miR-125a-5p, identified as an independent predictor of disease
progression by multivariate logistic regression analysis, has
been associated with increased severity of disease progres-
sion (5). The results of the present study were in accordance
with this previous study.

It has been reported that high levels of HBV-DNA
can increase the risk of cirrhosis and HCC (12). One of
criteria for antiviral therapy is that HBV-DNA levels are
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Table I. Characteristics of the patients enrolled.

Group Median age; range (years) Gender (male/female) Etiology Fibrosis stage

Healthy control (n=164) 48; 16-81 98/66

Liver fibrosis (n=91) 49; 22-56 52/39 HBV (n=91) FO (n=0)
F1 (n=15)
F2 (n=24)
F3 (n=18)
F4 (n=21)
F5 (n=3)
F6 (n=10)

HCC (n=120) 60; 25-83 75/45 HBV (n=102)

HCC, hepatocellular carcinoma; HBV, hepatitis B virus.

Table II. Expression levels of serum miR-125a-5p in different groups.

Data range Data range

(miR-125A-5p/U6)

(miR-125A-5p/U6)

Group n Median 25% 75% 5% 95%
Healthy control 164 1.44 1.34 1.64 0.79 1.92
Liver fibrosis 91 3.66 2.50 5.76 1.65 9.70
F1 15 2.14 1.93 2.32 1.56 2.62
F2 24 2.78 2.05 3.17 147 4.14
F3 18 422 349 5.32 2.50 6.47
F4 21 4.70 3.56 6.74 2.66 8.81
F5 3 547 5.34 5.87 5.34 5.87
F6 10 9.35 8.57 10.55 7.90 11.20
HCC 120 0.68 0.60 0.88 0.46 142
HCC, hepatocellular carcinoma; F, fibrosis stage.
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Figure 2. Scatter plots of miR-125a-5p levels at different fibrosis stages and HAI scores. "P<0.05, compared with F1 or HAI 0-3. Data are presented as the

median (range). F, stage of fibrosis; miR, microRNA; HAI, histological activity index.

>2,000 IU/ml (19). miRNAs are important in regulating
virus-host interactions (20). For example, with regards to HBV,
miR-125a-5p can target a viral sequence within overlapping

polymerase and surface antigen coding regions (21). Another
previous study confirmed the effect of miR-125a-5p on the
gee expression of HBV in the cultured hepatocytes (22). In
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Table III. Levels of hepatitis B virus DNA in the liver fibrosis group.

Data range (IU/ml) Data range (IU/ml)
Group n Median 5% 95% 5% 95%
Liver fibrosis 91 3.40x10* 5.50x10° 3.90x10° 1.46x10° 5.00x10®
F1 15 9.00x10? 3.90x10° 5.10x10* 1.10x10° 4.40x10°
F2 24 2.60x10* 6.95x10° 3.90x10° 1.12x10° 2.83x107
F3 18 1.75x10° 7.05x10° 6.30x10’ 2.60x10° 7.90x10®
F4 21 6.80x10° 3.45x10° 5.20x10° 1.45x10° 6.00x108
F5 3 4.40x107 6.50x10° 7.10x108 6.50x10° 7.10x108
F6 10 3.65x10° 6.80x10* 3.71x107 6.00x10° 8.10x10®

HCC, hepatocellular carcinoma; F, fibrosis stage.

Table I'V. Expression levels of serum miR-125a-5p and other markers in the liver fibrosis group.

Data range (ug/1) Data range (ug/1)
Marker Median 25% 75% 5% 95%
HA 277.00 163.10 438.00 67.81 856.60
LN 85.20 66.65 135.50 24.83 191.70
PCIII 78.50 67.50 126.70 18.31 174.30
Iv-C 82.40 45.45 114.40 17.50 158.40

HA, hyaluronic acid; LN, laminin; PCIII, type III procollagen protein; IV-C, type IV collagen; miR, microRNA.
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Figure 3. Scatter plots of the levels of HBV DNA at different fibrosis stages and HAI scores. "P<0.05, compared with F1 or HAI 0-3. Data are presented as the
median (range). F, fibrosis stage; Ig, immunoglobulin; HBV, hepatitis B virus; HAI, histological activity index.

the present study, the correlation between serum miR-125a-5p
and viral replication was analyzed. The results demonstrated
that increased expression levels of serum miR-125a-5p were
correlated with higher levels of HBV-DNA levels. This finding
was similar to the correlation between the liver miR-125a-5p
and HBV-DNA plasma levels (5).

Liver fibrosis is characterized by an excessive accumula-
tion of extracellular matrices and is a common feature of
chronic liver injury (23). Confirmation of the stages of liver

fibrosis and the inflammatory grades is crucial for estimating
disease progression, treatment selection and monitoring of the
disease (24). With the exception of liver biopsy, the levels of
serum HA, LN, PCIII and IV-C are often analyzed to estimate
the degree of liver fibrosis, as fluctuation in their concentra-
tions is consistent with the stages of liver fibrosis (25-27). In
the present study, the concentrations of serum HA, LN, PCIII
and IV-C were examined in the liver fibrosis group. Notably,
the expression levels of serum miR-125a-5p were correlated
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Table V. Spearman's correlation coefficients of the correlation between serum miR-125a-5p and markers of liver fibrosis in the

liver fibrosis group.

Marker r-value P-value
HA 0931 <0.001
LN 0.211 <0.001
PCII 0.763 <0.001
Iv-C 0.728 <0.001
HA, hyaluronic acid; LN, laminin; PCIII, type III procollagen protein; IV-C, type IV collagen, miR, microRNA; r, Spearman's correlation
coefficient.
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Figure 4. Association between the levels of serum miR-125a-5p and HBV
DNA in patients with CHB. The significance was calculated according to
Spearman's correlation. The P and r values are indicated. miR, microRNA;
Ig, immunoglobulin; HBV, hepatitis B virus; r, correlation coefficient; CHB,
chronic hepatitis B.
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Figure 5. Levels of serum miR-125a-5p were detected in patients with HCC
with HBsAg (+) or HBsAg (-). 'P<0.05,compared with HBsAg (+). Data are pre-
sented asthemedian (range).miR, microRNA; HCC, hepatocellularcarcinoma.

with these markers, indicating that it may be used as a poten-
tial marker for liver fibrosis.

HCC accounts for 90% of the cases of primary liver
cancer and represents the third most common cause of
cancer-associated mortality worldwide (28). HCC is associ-
ated with hepatitis virus infection (29) and one of the major
risk factors is HBV. Previous studies reported that serum
microRNAs may be used as biomarkers for HCC (30). The
present study demonstrated that serum miR-125a-5p was
significantly reduced in the HCC group compared with the
healthy control and liver fibrosis groups. In addition, higher

0.0
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Time after operation ( months)

Figure 6. Overall survival rates of patients with HCC exhibiting high
of low expression levels of serum miR-125a-5p were analyzed using the
Kaplan-Meier method and log-rank test. miR, microRNA; HCC, hepatocel-
lular carcinoma.

expression levels of serum miR-125a-5p were observed in
the patients with HBsAg (+) HCC, indicating a correlation
between serum miR-125a-5p and hepatitis virus infection. The
present study also demonstrated that lower expression levels
of serum miR-125a-5p were correlated with a poor prognosis,
which was consistent with previous observations in tissue
samples (4). These results indicated that serum miR-125a-5p
may be used as a prognostic marker for HCC. In addition, Bi
et al demonstrated that overexpression of miR-125a inhibits
the proliferation and metastasis of HCC cells by targeting
matrix metalloproteinase 11 and vascular endothelial growth
factor A (4), indicating that miR-125a may be important as a
suppressor of HCC proliferation and metastasis.

In the present study, fluctuations in the expression levels of
miR-125a-5p in the serum were similar to those in liver tissue,
indicating that serum miR-125a-5p may be released from the
liver tissue, as the expression levels of serum miR-125a-5p were
higher in the liver fibrosis group and lower in the HCC group.
The levels of serum miR-125a-5p were significantly different
in these two groups, indicating that serum miR-125a-5p may
be a useful marker for liver diseases. However, the reason for
the marked change in expression levels of serum miR-125a-5p
in the liver fibrosis and HCC requires further investigation.

In conclusion, thee results of the present study demon-
strated that the expression levels of serum miR-125a-5p
differed in liver diseases, including liver fibrosis and HCC,



and were correlated with disease progression. These results
suggested that serum miR-125a-5p may be used as a marker
for liver diseases.
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