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Serum microRNA-125a-5p as a potential biomarker
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Abstract. During diagnosis of early stage hepatocellular
carcinoma (HCC), single or small lesions are difficult to iden-
tify using screening ultrasonography, and conventional tumor
markers are frequently negative. MicroRNAs (miRNAs) are
small non-coding RNAs that suppress the translation of target
mRNAs and exert significance as biomarkers. The aim of
the present study was to use samples of patients with HCC
and those with other liver diseases caused by hepatitis C
virus (HCV) infection to investigate the expression profile
of serum miRNAs, and identify a miRNA that can serve
as a HCC biomarker. Initially, changes in 2,555 miRNAs
between pre- and post-curative treatment serum from
12 patients with early stage HCC were examined using
microarray analysis. The serum levels of miR-125a-5p in
40 individuals with HCV-associated chronic hepatitis (CH),
liver cirrhosis (LC) or HCC were measured using reverse
transcription-quantitative polymerase chain reaction, and
5 miRNAs, including miR-125a-5p, miR-423-5p, miR-1247,
miR-1304 and miR-3648, were identified to be downregulated
following curative treatment in patients with HCC. Among
these, miR-125a-5p was identified to be similarly decreased
following treatment in all patients. Additionally, the expres-
sion levels of miR-125a-5p were significantly upregulated in
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patients with HCC in the early and advanced stages of disease,
compared with patients with CH or LC (P<0.05). Serum
miR-125a-5p fluctuates depending on the presence of HCC,
and may serve as a noninvasive biomarker to aid in diagnosing
early carcinogenesis in HCV-associated chronic liver diseases.

Introduction

Hepatocellular carcinoma (HCC) is a common cancer world-
wide, particularly in East Asian countries, including Japan (1).
HCC is the sixth most commonly occurring cancer and the
third most common cause of cancer-associated mortality
worldwide in 2012 (2). Multiple risk factors have been asso-
ciated with the occurrence of HCC, including chronic liver
injury due to hepatitis B virus (HBV) or hepatitis C virus
(HCV) infection, autoimmune liver disease, drug-induced
liver injury, alcohol and aflatoxin B exposure (2-5). HCC had
one of the worst prognoses among any cancer with a 5-year
survival rate of 15-25% in United States and East Asian
countries from 2007 to 2010, partially due to the resistance
to chemotherapy and a high recurrence rate (6,7). One of the
most prevalent reasons for a poor prognosis is the difficulty in
early detection, and as a result, curative therapy is no longer
feasible at the time of detection, due to intrahepatic and
extrahepatic metastases (2).

To assist the diagnosis of HCC, imaging techniques used in
screening, including ultrasonography, computed tomography
(CT) and/or magnetic resonance imaging (MRI), are notably
beneficial (2). However, in the case of early HCC, the diag-
nosis of small lesions is relatively inaccurate (8), and repeated
examination is costly. Other common approaches used in
screening for HCC in high-risk patients are serum tumor
markers, including a-fetoprotein (AFP) and protein induced
by vitamin K absence or antagonists-II (PIVKA-II), which
can be measured simultaneously in blood samples obtained
for other liver function tests (9). However, the sensitivity and
specificity of high serum AFP and PIVKA-II levels for HCC
are reported to range from 39-64 and 76-91%, and 41-77 and
72-98%, respectively (10). Therefore, additional biomarkers
that can be used complementarily are required, particularly
those associated with early HCC.
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MicroRNAs (miRNAs) are small, non-coding RNAs 18-25
nucleotides in length that suppress the translation of the target
mRNAs by binding to their 3' untranslated region (11,12).
miRNAs control a number of important biological processes,
including cell proliferation, differentiation and develop-
ment (13-15), and specific miRNAs function as oncogenes
or tumor suppressors (16). The expression profiles of human
miRNAs indicate that specific miRNAs such as miR-15
and miR-16, let-7, miR-34 are deregulated in cancer, and are
differentially expressed in various carcinoma types, including
gastrointestinal, urological, gynecological and lung cancer (17).
Additionally, with respect to HCC, it has been reported that
the expression levels of a number of miRNAs differ between
cancerous and noncancerous specimens from radical resection
of patients with HCC (18). In our previous investigation, we
reported that the miRNA profile is different between HCC
and normal liver cell lines (19), and it is hypothesized to exert
significance as biomarkers (20).

It has previously been identified that circulating miRNAs
can exist stably in numerous body fluids, including the periph-
eral blood (21), which can be used for the diagnosis, evaluation
and prognosis of colorectal, esophageal, gastric and pancreatic
cancer (22). When released from cells and tissues, miRNA
exists in exosome-encapsulated form or bound to protein
or lipid in the serum (23). The research demonstrated that
miRNAs are stable and detectable in the serum and are not
degraded by RNase. Since serum can be obtained noninva-
sively and the miRNAs exhibit specificity to the disordered
tissue, application of circulating miRNA in diagnosis is
expected; however, its biological significance is unknown.
Therefore, the present study investigated the expression profile
of circulating miRNAs using serum samples from patients
with HCV-associated HCC, and analyzed whether a specific
circulating miRNA could help in the detection of early HCC.

Materials and methods

Patients and samples. In order to identify biomarkers of
HCV-associated HCC from among the candidate miRNAs,
the present study examined miRNA changes between the
pre- and post-treatment serum of patients with early stage
(stage I or IT) HCC according to the Tumor-Node-Metastasis
classification based on the criteria of the Liver Cancer Study
Group of Japan (24). Paired samples were obtained from a
total of 12 patients with HCC, who underwent curative treat-
ment, such as radiofrequency ablation or hepatectomy, in
Kagawa University Hospital (Kagawa, Japan), from April 2013
to April 2015. The characteristics of the patients are summa-
rized in Table I. All patients had HCC with chronic hepatitis
(CH) or liver cirrhosis (LC) due to HCV infection without
any other liver diseases, such as HBV infection and alcoholic,
autoimmune or metabolic liver diseases.

The present study examined candidate biomarkers
using paired serum samples from 12 patients with HCC
pre- and post-curative treatment. The pre-treatment samples
were collected prior to the first curative treatment, and the
post-treatment samples were collected following confir-
mation that there was no long-term recurrence for at least
1 year following treatment. Tumor marker measurement was
performed every three months in all cases to ensure there was
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no recurrence. Prior to treatment, 9 patients were positive for
at least one tumor maker (AFP, AFP-L3 and/or PIVKA-II),
yet were negative for all markers for at least 6 months
following treatment (Fig. 1A-C). Additionally, imaging
tests, including ultrasonography, dynamic CT and/or MRI
examination, were performed every three months and it was
confirmed that there was no recurrence. Dynamic CT images
prior to and 1 year following treatment in cases 1 and 2 are
presented in Fig. 2.

In the second experiment, the expression of the specific
miRNAs was examined using multiple serum samples from
individual patients with various liver diseases. A total of
40 individuals were enrolled including 10 age and sex matched
patients with CH, 10 patients with LC, 10 patients with early
stage (stage I or II) HCC and 10 patients with advanced stage
(stage IV) HCC. Characteristics of the patients are summa-
rized in Table II. All subjects were patients with liver disease
associated with HCV infection, and patients with other liver
diseases were excluded. Serum samples were collected from
patients with HCC from the time of first diagnosis with HCC,
and patients with CH or LC prior to receiving antiviral therapy
for HCV.

Written informed consent was obtained from all partici-
pants, and the present study was approved by the Ethics
Committee of Kagawa University Hospital (Kagawa, Japan)
(Ethics approval Heisei 22-063).

Plasma preparation. Whole blood samples (5 ml) were
collected from each individual directly into RNase free tubes,
followed by centrifugation at 1,500 x g for 15 min at 4°C.
The samples with signs of hemolysis or chyle were excluded
from the present study. Each serum sample was immediately
transferred to a RNase free tube and stored at -80°C until
subsequent analysis.

Total RNA extraction. RNA from total serum was extracted
with a miRNeasy Serum/Plasma kit (Qiagen GmbH, Hilden,
Germany), according to the manufacturer's protocol. To ensure
RNA quality, only RNA sample that exhibited A5, ratios
between 1.9-2.1 were selected. The A, 5, ratios were evalu-
ated using the Agilent 2100 Bioanalyzer (Agilent Technologies,
Inc., Santa Clara, CA, USA). RNA concentrations were
measured using a NanoDrop 2000 spectrofluorometer
(Thermo Fisher Scientific, Inc., Waltham, MA, USA) and each
sample was diluted with RNase free water.

miRNA microarray analysis. The RNA quantity was
measured using a RNA 6000 Nano kit (Agilent Technologies,
Inc.), and the samples were labeled using a miRCURY Hy3
Power Labeling kit (Exiqon; Qiagen GmbH) and hybridized
to the human miRNA Oligo Chip (v.21; Toray Industries,
Tokyo, Japan), which can analyze 2,555 miRNAs. Scanning
was performed using the 3D-Gene Scanner 3000 (Toray
Industries, Inc., Tokyo, Japan). The 3D-Gene extraction
version 1.2 software (Toray Industries, Inc.) was used to
calculate the raw signal intensity of the images. The raw
data were analyzed using the GeneSpring GX 10.0 software
(Agilent Technologies, Inc.) to assess miRNA expression.
Quantile normalization was performed on raw data that were
greater than the background level.
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Figure 1. Changes in the levels of tumor markers in the serum of patients with hepatocellular carcinoma. (A) AFP levels. (B) AFP-L3 levels. (C) PIVKA-II
levels. The black line graphs represent the change at 3, 6, 9 and 12M following treatment in 12 cases. The red horizontal lines represent the upper limits of
normal at Kagawa University. Prior to treatment, 9 patients were positive for at least one tumor marker; however, they were negative for these markers following
at least 6 months of treatment. M, months; AFP, a-fetoprotein; PIVKA-II, protein induced by vitamin K absence or antagonists-II.

A Pre-treatment B Pre-treatment

Figure 2. Dynamic computed topography images prior to and 12 months following treatment. (A) The images pre- and post-treatment in case 1. (B) The images
pre- and post-treatment in case 2. Yellow arrows indicate the occupied lesions diagnosed as hepatocellular carcinoma. No local recurrence or no new lesion
was exhibited following treatment in all patients.
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Table II. Clinical characteristics of participants in the reverse transcription-quantitative polymerase chain reaction analysis.

Characteristics CH-C LC-C HCC-C stage I or I HCC-C stage IV
Individuals (n) 10 10 10 10
Male/female (n) 7/3 /3 7/3 7/3
Mean age (years) 67.4+4 4 67.245.1 68.0+4.8 67.1+£5.1
Laboratory data (median)

AST (IU/M) 40 (20-75) 45 (13-77) 50 (29-106) 52 (40-485)

ALT (IUN) 32 (13-99) 43 (16-75) 45 (17-104) 34 (20-180)

Alb (g/dl) 4.1(29-4.7) 4.0 (34-4.7) 39(34-52) 3.6 (2.6-3.8)

T.Bil (mg/dl) 0.7 (0.3-1.2) 1.0 (0.3-2.1) 1.1 (0.6-2.0) 0.8 (0.4-2.8)

PT (%) 87 (59-130) 78 (51-98) 99 (72-111) 79 (46-110)

Plt (x10*/mm?) 18.0 (13.0-21.0) 8.7(59-9.8) 11.3(7.2-14.0) 159 (8.4-22.9)
Tumor marker (n)

AFP positive 1 2 2 7

AFP-L3 positive 0 0 1 8

PIVKA-II positive 0 0 4 10

Negative 9 8 5 0
Child-Pugh score (n)

A 10 9 10 3

B 0 1 0 6

C 0 0 0 1

FIB-4 index (median) 2.87 (1.17-3.78)

5.12 (3.36-10.68)

5.09 (2.69-9.21) 4.03 (2.61-7.97)

The ages are given as the means + standard deviation. AST, ALT, Alb, T-Bil, PT, PIt, and Fib-4 index are depicted as the medians and
range. Fib-4 index is calculated using the formula (age x AST)/(platelet count x VALT). Clinical stage of HCC is based on the criteria of the
Liver Cancer Study Group of Japan (24). AST, aspartate aminotransferase; ALT, alanine aminotransferase; Alb, albumin; T.Bil, total bilirubin;
PT, prothrombin time; Plt, platelet; AFP, a-fetoprotein; PIVKA-II, protein induced by vitamin K absence or antagonists-II; Fib-4, fibrosis-4;
CH, chronic hepatitis; LC, liver cirrhosis; HCC, hepatocellular carcinoma.

Reverse transcription-quantitative polymerase chain reaction
(RT-qPCR) for miRNA validation. Due to the possibility of
false positive results obtained from the miRNA array analysis,
the present study performed qPCR using the same samples
prior to and following treatment. Furthermore, RT-qPCR
was performed for the analysis of the expression levels of
specific miRNAs using 40 serum samples from patients with
HCV-associated liver diseases, including CH, LC and HCC.
Initially, Caenorhabditis elegans miRNA, cel-miR-39
(miRNeasy Serum/Plasma Spike-in control; Qiagen GmbH)
was added as an exogenous control during the process of
total RNA extraction. TagMan microRNA assays (Applied
Biosystems; Thermo Fisher Scientific, Inc.) were adopted
to determine the expression levels of four miRNAs (assay
ID: 002198 and target sequence: 5'-UCCCUGAGACCCUUU
AACCUGUGA-3' for hsa-miR-125a-5p; assay ID: 002340 and
target sequence: 5-UGAGGGGCAGAGAGCGAGACUUU-3'
for hsa-miR-423-5p; assay ID: 46440 and target sequence:
5'-AGCCGCGGGGAUCGCCGAGGG-3' for hsa-miR-3648;
and assay ID: 000200 and target sequence: 5'-UCACCG
GGUGUAAAUCAGCUUG-3' for cel-miR-39). To examine
another two miRNAs, TagMan Advanced miRNA Assays
were used (assay ID: 479553_mir and target sequence: 5'-CCC
CGGGAACGUCGAGACUGGAGC-3' for hsa-miR-1247-3p;
assay ID: 479574 _mir and target sequence: 5'-UCUCACUGU
AGCCUCGAACCCC-3' for hsa-miR-1304-3p; and assay

ID: 478293_mir and target sequence: 5'-UCACCGGGUGUA
AAUCAGCUUG-3' for cel-miR-39). miRNAs were reverse
transcribed using a TagMan microRNA Reverse Transcription
kit (Applied Biosystems; Thermo Fisher Scientific, Inc.) and
a TagMan Advanced miRNA cDNA Synthesis kit (Applied
Biosystems; Thermo Fisher Scientific, Inc.). gPCRs were
performed using a MicroAmp Fast Optical 96-Well Reaction
Plate (Applied Biosystems; Thermo Fisher Scientific, Inc.), and
each well contained cDNA, 20X qPCR assay, nuclease-free
water and TaqMan Fast Advanced Master mix (Applied
Biosystems; Thermo Fisher Scientific, Inc.), according to
manufacturer's protocol. Using the ViiA7 Real-Time PCR
System (Applied Biosystems; Thermo Fisher Scientific, Inc.),
samples were denatured by incubation at 95°C for 20 sec. This
was followed by 40 cycles of 1 sec at 95°C and 20 sec at 60°C.

The raw expression level was determined by the cycle
number at which the reaction crossed a predetermined
quantification cycle (Cq) identified for the miRNA probe.
For relative expression of each miRNA in each sample is
determined using 222 method (25). For the validation of
miRNA changes between the pre- and post-treatment serum,
the values were calculated according to the following formula:
Acq:tharget miRNA'chel-miR-39’ and AACq:Aquost-treatmem
sample"ACpre treatment sample- FOT the analysis of the expression
levels of specific miRNAs from individual patients with
various liver diseases, the values were calculated according
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Table III. Serum miRNA levels were significantly different between pre- and post-treatment.

miRNAs Fold change post-/pre-treatment SD P-value Chromosome location
miR-125a-5p 0.74 0.23 0.00989 19
miR-423-5p 0.61 0.20 0.00151 17
miR-1247-3p 0.73 0.19 0.0066 14
miR-1304-3p 0.69 0.26 0.00952 11
miR-3648 0.63 0.34 0.00384 21

Fold change represents the ratio of the post-treatment miRNA levels to the pre-treatment levels. SD, standard deviation; miRNA, microRNA.
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Figure 3. Relative expression levels in the serum of patients with hepatocellular carcinoma prior to and following treatment quantified by reverse transcrip-
tion-quantitative polymerase chain reaction. (A) miR-125a-5p. (B) miR-423-5p. (C) miR-3648. miR-125a-5p was downregulated post-treatment in all 12
cases as compared to that in pre-treatment and the relative quantity value was 0.57+0.27 (“P<0.01). For other miRNAs, no significant change was observed.
The relative expression was determined by calculating 24, where ACq=Cqy;get mikna-Ccermir 39 AN AACG=ACT oy treamment sampte~ACApre.treatment sampte- MIR,

microRNA; NS, not significant.

to the following formula; ACq=Cq,get mirna~CYcermir 39> and
AACq=ACqg-meanACq of control group patients.

Furthermore, the expression profile of each differen-
tially-expressed miRNA was used to create receiver operator
characteristic (ROC) curves. This method displays the discrim-
inatory accuracy of the marker for distinguishing between the
non-HCC (patients with CH and LC) and HCC (patients with
early and advanced stage HCC) groups. Additionally, by using
the ROC curve, the area under the curve (AUC) value and the
optimal cutoff value were calculated.

Statistical analysis. All statistical analyses were performed
using Prism software version 6.0 (Graph Pad Software, Inc.,
La Jolla, CA, USA). Normally distributed data were expressed
as mean + standard deviation. Skewed data were described
by the median and range. The difference between normally
distributed numeric variables was analyzed by the Student's
t-test, while non-normally distributed variables were analyzed

by Mann-Whitney U test. When comparing multiple groups,
one-way analysis of variance was conducted, followed by
Dunnett post-hoc test. All P-values were two-sided, and P<0.05
was considered to indicate a statistically significant difference.

Results

miRNA analysis pre- and post-curative treatment. To
determine miRNA changes between pre- and post-curative
treatment serums from the patients with early stage HCC, the
present study exhaustively analyzed 2,555 miRNA molecules
using a microarray. A total of 5 miRNAs were identified to be
the most significantly changed molecules (P<0.05), including
miR-125a-5p, miR-423-5p, miR-1247-3p, miR-1304-3p and
miR-3648, all of which were downregulated (Table III).

The 5 miRNAs selected by exhaustive analysis were
quantified by RT-qPCR. miR-125a-5p was downregulated
post-treatment in all 12 cases (Fig. 3A) and the relative



Bz SPANDIDOS
7] ,§, PUBLICATIONS

ONCOLOGY LETTERS 18: 882-890, 2019

A , - . B
&
I |
%
I 1

20) - *k 1.0 4
g ‘ | I
3 .
<154 .
g Z
2 g
2 G 0.5
£ 10+ . ' 3
& a *
- a . AUC =0.980
2 54 95% CI = 0.9477-1.012
= . v P < 0.0001
= .. o ~ 0:. 04

& Ll ] T
0 L Sevegwert : 0 0.5 1.0
CH LC Early HCC  Advanced HCC 1-Specificity

Figure 4. Expression of serum miR-125a-5p in patients with hepatitis C virus-associated liver diseases. (A) Relative expression levels. The expression
levels of miR-125a-5p were significantly upregulated in patients with early and advanced stage HCC, compared with patients with CH or LC. There was
no significant difference between patients with CH and LC. The relative expression levels of miR-125a-5p was determined by calculating 224%4, where
ACq=Cqip 1252 5p-CVcer mir30- AACq=ACq-mean ACq of patients with CH. The horizontal lines represent the mean relative expression levels. "P<0.05 and
“P<0.01. (B) Receiver operating characteristic curve analysis. The AUC was 0.980 for discriminating the HCC group from the non-HCC group. CH, chronic
hepatitis; LC, liver cirrhosis; HCC, hepatocellular carcinoma; AUC, area under the curve; CI, confidence interval; miR, microRNA.

quantity (RQ) value was 0.57+0.27 (P<0.01). miR-423-5p
exhibited the opposite trend in expression in a few cases;
however, no significant change was observed by RT-qPCR
analysis (Fig. 3B), and the RQ value was 0.71+0.56 (not signifi-
cant). For miR-3648, the measured values varied from case
to case, and a certain trend could not be identified (Fig. 3C).
miR-1247-3p and hsa-miR-1304-3p did not yield stable results
in the method used and could not be detected in more than half
of the cases.

Upregulation of miR-125a-5p in the serum of patients with
HCC. In order to determine whether miR-125a-5p was differ-
entially expressed in HCV-associated liver diseases, the serum
levels of miR-125a-5p in patients with HCV-associated CH,
LC and HCC were measured (Fig. 4A). The results demon-
strated that the miR-125a-5p expression was significantly
upregulated in patients with advanced stage HCC, compared
with patients with CH, with a RQ value of 5.60+4.34 (P<0.05).
Additionally, miR-125a-5p was also significantly upregulated
in patients with early stage HCC when, compared with patients
with CH, with a RQ value of 5.43+4.84 (P<0.05). There was no
difference in miR-125a-5p expression between patients with
LC and patients with CH, with a RQ value of 0.82+0.34 (not
significant). Similar results were obtained in comparison with
patients with LC, as the levels of miR-125a-5p expression were
significantly upregulated in patients with advanced stage HCC,
compared with patients with LC, with a RQ value of 7.36+5.69
(P<0.01). Additionally, miR-125a-5p was significantly upregu-
lated in patients with early stage HCC, compared with patients
with LC, with a RQ value of 7.11+6.35 (P<0.01).

Diagnostic value of miR-125a-5p in serum. In order to
evaluate the diagnostic value of serum miRNA-125a-5p
in discriminating the HCC group (patients with early and
advanced stage HCC) from the non-HCC group (patients with
CH and LC), the optimal cutoff value for miR-125a-5p was the

ROC curve based on the RT-qPCR data. The AUC was 0.980
and the optimal cutoff value was 2.476, which demonstrated a
sensitivity of 0.8 and a specificity of 1.0 (Fig. 4B).

Discussion

In the present study, serum samples obtained from pre- and
post-treatment patients with HCC, miRNAs underwent a
comprehensive examination and a number of miRNAs were
selected as biomarker candidates for HCC. The present study
demonstrated that serum miR-125a-5p levels are significantly
reduced in post-treatment samples, and that the levels in
patients in the early and advanced stages of HCC were signifi-
cantly increased, compared with patients with HCV-associated
chronic liver disease. These results indicated that miR-125a-5p
has potential as a biomarker for early detection of
HCV-associated HCC and evaluation following treatment.
Additionally, among patients with early stage HCC, the eleva-
tion of miR-125a-5p level was observed in 4/5 cases, which
were negative for tumor markers. These results indicated that
serum miR-125a-5p is a valuable biomarker that could be in
conjunction with conventional HCC tumor markers, including
AFP and PIVKA-II. These events may reflect a longer increase
in serum miR-125a-5p at cancer initiation rather than during
progression.

Among the characteristic miRNAs contained in the serum
of patients with cancer, circulating miR-21 plays an important
role and has been reported to be associated with various
carcinoma types, including colorectal (26), pancreatic (27),
ovarian (28) and pharyngeal cancer (29). It was also reported
that miR-21 is upregulated in the serum of patients with
HCC (20,30). Furthermore, miR-718 has also been reported as
acharacteristic miRNA in the serum of patients with HCC (31);
however, in the present study, comprehensive analysis revealed
no significant change in miR-21 and miR-718. The discrep-
ancy between the present data and previous reports may be
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explained by the difference in the methods used, as in the
present study, 2,555 miRNAs were comprehensively analyzed,
which was a notably larger number of molecules, compared
with the previous reports.

miR-125a is located at 19q13, and has been reported that
miR-125a targeted genes that suppress and control cancer,
including tumor protein P53 (32), cyclin dependent kinase
inhibitor 1A (33), Erb-B2 receptor tyrosine kinase 2 (ERBB2)
and ERBB3 (34). In HCC cell lines, studies also reported that
miR-125a inhibits the migration and invasion via suppres-
sion of phosphoinositide 3-kinase/AKT/mechanistic target of
rapamycin kinase signaling pathway (35), and miR-125a-5p
inhibits cell proliferation by downregulation of ERBB3 (36).
The results demonstrated that miR-125a-5p may serve a
tumor-suppressive role in HCC carcinogenesis.

Previous studies also demonstrated that the expression of
miR-125a-5p is downregulated in a number of human cancer
types, including breast (37), ovarian (38), lung (39) and gastric
cancer (40) tissues. miR-125a-5p is also downregulated in
HCC tissues and may function as a tumor suppressor (41,42).
However, the clinical significance of miR-125a-5p in serum
of patients with HCC has yet to be completely elucidated.
Additionally, it was previously unclear whether miRNA
from cancer tissue are up- or downregulated in the serum of
patients with HCC; however, the present study demonstrated
that miR-125a-5p is upregulated in the serum of patients with
HCC. Our hypothesis is that investigating the biological role of
miR-125a-5p may be beneficial in understanding the pathology
of HCC.

However, it should be considered that the present study
examined the serum miR-125a-5p level in patients with
chronic liver disease and only HCC caused by HCV infection.
However, it has previously been reported that miR-125a-5p
can also target a viral sequence and interfere with the expres-
sion of HBV surface antigen (43). Another independent study
also reported that miR-125a-5p levels are correlated with
HBV DNA concentrations in the liver and plasma, and that
miR-125a-5p is upregulated in the patients with high viral
load (44). As the level of miR-125a-5p may change due to the
viral load and the degree of HBV-induced CH, the present
study excluded the cases with persistent HBV infection.
Therefore, the present study selected only the samples with
HCV-associated HCC. Another limitation of the present study
is that miR-125a-5p levels in healthy controls without liver
diseases were not examined. Therefore, future investigations
should examine whether the miR-125a-5p measurement is
different in HBV-associated liver diseases, compared with
healthy controls. However, in countries such as Japan, where
the majority of HCC is caused by HCV infection, miR-125a-5p
may be beneficial for diagnosis and follow-up following treat-
ment.

In conclusion, miRNA expression profile in the serum
of patients with HCV-associated HCC, and in particular, the
serum miR-125a-5p levels changed pre- and post-treatment
in patients with HCV-associated HCC. Irrespective of the
clinical stage, the miR-125a-5p level was identified to be
elevated in the serum of patients with HCC. Therefore, serum
miR-125a-5p may serve as a noninvasive biomarker for the
diagnosis of early carcinogenesis in HCV-associated chronic
liver diseases.
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