
Int J Clin Exp Med 2015;8(10):18462-18468
www.ijcem.com /ISSN:1940-5901/IJCEM0013993

Original Article
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Abstract: MicroRNAs (miRNAs) are involved in cancer biology, and some distinctive serum miRNAs could be useful 
for cancer diagnosis and prognosis. However, little is known about whether serum miR-96 is a satisfactory biomark-
er for hepatocellular carcinoma (HCC). Four hundreds and fourteen participants were enrolled in this study, and 
they were divided into four age- and gender-matched groups, including the HCC group (n = 104), liver cirrhosis (LC) 
group (n = 90), chronic hepatitis B (CHB) group (n = 100) and healthy control group (n = 120). Serum miR-96 was 
measured by real-time PCR, the levels of which were calculated by the 2-ΔCt method. Serum miR-96 levels in the HCC 
patients were remarkably higher than in the other groups (P < 0.01), and the serum miR-96 levels discriminated 
HCC patients from CHB patients with an area under the ROC curve (AUC) of 0.803 (77.9% sensitivity and 75.3% 
specificity). Furthermore, the AUC for combined miR-96 and α-fetoprotein (AFP) was 0.889 (83.6% sensitivity and 
82.4% specificity). High serum miR-96 levels in HCC patients were associated with larger tumor size, higher preva-
lence of lymph node metastasis, higher TNM stage and worse overall survival (OS) (P < 0.05). Our findings suggest 
that serum miR-96 is a promising biomarker for HCC patients with chronic HBV infection.
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Introduction

Liver cancer is the second and sixth most fre-
quent cause of cancer-related mortality in ma- 
les and females, respectively [1]. Hepatocel- 
lular carcinoma (HCC) accounts for 85% to 90% 
of primary liver cancers worldwide, with an epi-
demiological assessment of increasing inci-
dence and higher trends in the coming decades. 
The major etiological factors for HCC are chron-
ic hepatitis B and C virus (HBV, HCV) infection 
and alcoholic cirrhosis. HBV infection, with and 
without aflatoxin exposure, contributes to the 
vast majority of cases of liver cancer in devel-
oping countries [2]. The poor clinical outcome 
is due to its late stage diagnosis and limited 
treatment options. Serum α-fetoprotein (AFP) is 
the serological tumor marker for HCC and is the 
most widely applied marker at present. How- 
ever, clinical studies have shown that AFP 
determination lacks adequate sensitivity and 
specificity for effective surveillance [3, 4]. 

Earlier detection of HCC has been a critical 
challenge for clinicians and clinical researchers 
for years.

MicroRNAs (miRNAs) are a class of small, non-
coding, regulatory RNAs that contain 20-24 
nucleotides, which bind to the 3’-untranslated 
region (UTR) of the target mRNA and bring about 
its degradation or translational inhibition [5]. 
Deregulations of some miRNAs have been 
revealed to be involved in human carcinogene-
sis [6-8]. Recently, it has been demonstrated 
that miRNAs are present in the plasma or serum 
of animals and humans, as well as in both 
healthy subjects and cancer patients [9, 10]. 
Importantly, circulating miRNAs can be sam-
pled non-invasively, and they have a remark-
able resistance to ribonuclease activity, extre- 
me variations in pH, freeze-thaw cycles and 
boiling. Therefore, the study of miRNAs is 
becoming a field of key interest for the molecu-
lar diagnosis of cancer. 
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Some high-throughput technical approaches 
have shown the differential expression of miR-
NAs in HCC in contrast to normal liver tissue 
[11-13]. Of these miRNAs, it has been observed 
that miR-96, which is considered a genuine 
oncomiR, was up-regulated during the disease 
progression from a normal liver through cirrho-
sis to full-blown HCC [13]. In vitro, the suppres-
sion of miR-96 expression inhibits the migra-
tion and invasion of HCC cells [14], which 
implies that there is a correlation between miR-
96 expression and the clinicopathological char-
acteristics of HCC. To the best of our knowl-
edge, there are limited reports on the detection 
of circulating miR-96 for HCC diagnosis, and it 
is not understood whether circulating miR-96 
alteration could have clinicopathological impli- 
cations. 

The aim of this study was to explore whether 
miR-96 is detectable and altered in the serum 
of patients with HBV-related HCC compared 
with age- and gender-matched patients with 
chronic hepatitis B (CHB), liver cirrhosis (LC) 
and healthy individuals. In addition, we evalu-
ated the potential relationship between serum 
miR-96 levels and the clinicopathological fea-
tures and overall survival (OS) of HCC patients. 
Finally, we assessed whether serum miR-96 
was a satisfactory biomarker for HCC patients 
with chronic HBV infection. 

Material and methods

Ethics statement

This study was approved by the Medical Ethics 
Committee of Hangzhou First People’s Hospital, 
and all participants completed an informed 
consent process.

Patients

A total of 414 participants who visited Hangzh- 
ou First People’s Hospital from June 2011 to 
June 2014 were enrolled in this study. The 
patients were divided into four age- and gen-
der-matched groups (HCC, LC, CHB patients 
and healthy control subjects). One hundred and 
four HCC patients were examined using serum 
α-fetoprotein (AFP), liver ultrasound, computed 
tomography (CT) and magnetic resonance 
imaging (MRI), which revealed that they met the 
diagnostic criteria for HCC, and this was con-
firmed by histopathological examination. The 
HCC patients had not received any preopera-

tive radiotherapy or chemotherapy. Ninety LC 
patients were diagnosed by liver ultrasound, CT 
and MRI, and they exhibited accompanying por-
tal hypertension and hypersplenism. One hun-
dred CHB patients met the diagnostic criteria 
based on the guidelines of prevention and 
treatment for CHB (2010 version) by the 
Chinese Society of Hepatology and Chinese 
Society of Infectious Diseases, Chinese Medical 
Association and were without LC and HCC, as 
determined by liver ultrasound. One hundred 
and twenty healthy individuals were collected 
from the physical examination center of 
Hangzhou First People’s Hospital. In addition, 
HCC, LC and CHB patients were HBV surface 
antigen (HBsAg)-positive in serum. Patients 
who presented with other liver diseases, such 
as autoimmune hepatitis, alcoholic hepatitis 
and other types of hepatitis virus infection, 
were excluded from this study. 

Serum collection and miRNA extraction

The serum samples of all participants were col-
lected in the fasting state on the first visiting 
day. The separated sera were stored at -80°C 
before analysis. To each 250 μL of serum, 750 
μL of TRIzol LS (Invitrogen, Carlsbad, California, 
USA) was added, followed by 200 μL chloro-
form. The mixture was then centrifuged. After 
supernatant separation and precipitation with 
isopropanol, the pellet was washed twice with 
75% diethylpyrocarbonate (DEPC)-treated etha-
nol, air-dried, and dissolved in 20 μL RNase-
free water. DNase (Qiagen, Hilden, Germany) 
was added to remove the residual DNA. 

Serum miR-96 detection by quantitative real-
time PCR

Complement DNA was synthesized using the 
miRCURY LNA™ Universal RT miRNA PCR kit 
(Exiqon, Vedbaek, Denmark). Reverse tran-
scriptase products were used as templates for 
the next PCR process after a 1:5 dilution and 
were detected in 10 μL PCR reactions accord-
ing to the protocol for miRCURY LNA™ Universal 
RT miRNA PCR kit. The primers of miR-96 and 
miR-16 for PCR were designed and synthesized 
commercially (Exiqon, Vedbaek, Denmark). 
Deionized water, as the negative control, was 
treated similarly to the samples. All amplifica-
tions were assayed with SYBR Green on an ABI 
PRISM 7500 sequence detection system 
(Applied Biosystems, Foster City, California, 
USA) under the following cycling conditions: 
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95°C for 1 min, followed by 45 cycles of 95°C 
for 10 s and 60°C for 1 min. All reactions were 
run in triplicate, including no-template con- 
trols. 

The cycle threshold (CT) is defined as the num-
ber of cycles required for the SYBR Green sig-
nal to cross the threshold in real-time PCR. The 
relative expression levels of miR-96 were calcu-
lated by the 2-ΔCt method, as previously des- 
cribed [15]. MiR-16 was used as the endoge-
nous control to normalize the data [16].

Statistical analysis

Non-parametric variables are presented as the 
median and interquartile ranges (IQR) and were 
analyzed using the Mann-Whitney test. Cate- 

gorical variables were compared by the X2 test. 
Receiver-operating-characteristic (ROC) curves 
were constructed, and the areas under the ROC 
curves (AUCs) were estimated to determine the 
feasibility of using serum miR-96 as a biomark-
er for HCC. OS curves were calculated using the 
Kaplan-Meier method. A value of P < 0.05 was 
considered statistically significant. Data analy-
ses were performed using SPSS software (ver-
sion 15; SPSS Inc., Chicago, USA).

Table 1. Baseline clinical characteristics of the study cohort

Parameters Healthy subjects 
(n = 120)

CHB patients 
(n = 100)

LC patients 
(n = 90)

HCC patients 
(n = 104)

Age (yr) 47.9 (34, 59) 48.9 (35, 62) 46.1 (36, 60) 47.6 (33, 64)
Gender (Male %) 80 (66.7) 66 (66.0) 58 (64.4) 68 (65.4)
ALT (U/L) 25 (8, 41) 71 (30, 151) 97 (39, 203) 63 (16, 358)
Albumin (g/L) 40.1 (35.2, 49.8) 38.1 (30.6, 47.1) 28.1 (18.4, 31.7) 33.3 (18.8, 35.8)
TBIL (μmol/L) 9.8 (3.1, 16.5) 50.2 (9.2, 96.8) 76.4 (9.2, 153.6) 26.5 (5.3, 137.2)
Blood platelet count (×109/μL) 19.2 (9.6, 35.7) 15.8 (5.4, 23.1) 5.3 (1.2, 12.8) 9.6 (3.7, 19.5)
HBeAg (+) 0 (0) 56 (56.0) 50 (55.6) 54 (51.9)
HBV DNA (log10 copies/mL) 0 5.9 (4.8, 7.1) 5.8 (4.5, 6.8) 5.7 (3.8, 7.5)
Abbreviations: CHB, chronic hepatitis B; LC, liver cirrhosis; HCC, hepatocellular carcinoma; ALT, alanine aminotransferase; TBIL, 
total bilirubin; HBeAg, HBV e-antigen. There were significantly different levels of ALT, albumin, TBIL and blood platelet count 
among the 4 groups (P < 0.05). All data are presented as the median (IQR) or n (%).

Figure 1. The differential serum levels of miR-96 
in the HCC group (n =104), LC group (n = 90), CHB 
group (n = 100) and healthy control group (n = 120). 
P* < 0.01 versus LC, CHB and healthy control group; 
P# < 0.05 versus CHB and healthy control group.

Figure 2. Receiver operating characteristics (ROC) 
curve analyses using serum miR-96 for discriminat-
ing HCC patients from CHB patients. Serum miR-96 
at the cut-off value of 0.138 yielded an AUC (the 
area under the ROC curve) of 0.803 (95% CI: 0.751-
0.894) with 77.9% sensitivity and 75.3% specificity 
for discriminating HCC patients from CHB patients. 
Serum AFP at the cut-off value (≥ 20 ng/mL) yielded 
an AUC of 0.713 (95% CI: 0.572-0.795) with 73.2% 
sensitivity and 61.3% specificity. Combined serum 
miR-96 and AFP yielded an AUC of 0.889 (95% CI: 
0.761-0.913) with 83.6% sensitivity and 82.4% spec-
ificity.
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Results

Clinical characteristics of study cohort

A total of 414 participants, including 104 HCC 
patients, 90 LC patients, 100 CHB patients and 
120 healthy subjects, were recruited. Their 
baseline clinical features are listed in Table 1. 
The HCC group had significantly different labo-
ratory results from the other three groups with 
respect to ALT, albumin, TBIL and blood platelet 
count (P < 0.05). In addition, there were no dif-
ferences in age, gender and the other labora-
tory results among the 4 groups.

The levels of serum miR-96

MiR-96 levels were investigated in the 4 groups, 
which included 414 serum samples, by real-

HCC patients

We examined the relationship between serum 
miR-96 levels and clinicopathological parame-
ters in 104 HCC patients. No significant asso-
ciations were found between serum miR-96 
levels and gender, age, tumor number, histo-
logical grade and cirrhosis (P > 0.05), while the 
levels of serum miR-96 showed associations 
with tumor size, lymph node metastasis and 
TNM stage (P < 0.05) (Table 2).

Association between serum miR-96 levels and 
HCC survival

In this study, the clinical cases for 49 HCC 
patients were followed for 30 months. According 
to the cut-off value of miR-96 (0.138), HCC 
patients were divided into two subsets. Thirty 

Table 2. Relationship between serum miR-96 lev-
els and clinicopathological characteristics of HCC 
patients
Characteristics n Serum miR-96 level P value
Gender
    Male 68 0.186 (0.065, 0.425) 0.203
    Female 36 0.199 (0.073, 0.476)
Age (yr)
    ≥ 50 64 0.196 (0.082, 0.429) 0.357
    < 50 40 0.189 (0.064, 0.452)
Tumor number
    Single 38 0.183 (0.071, 0.402) 0.188
    Multiple 66 0.197 (0.077, 0.461)
Tumor size (cm)
    < 5 56 0.117 (0.057, 0.365) 0.036
    ≥ 5 48 0.206 (0.079, 0.516)
Histological grade
    I+II 26 0.188 (0.066, 0.411) 0.115
    III+IV 78 0.201 (0.087, 0.506)
Lymph node metastasis
    Present 62 0.204 (0.091, 0.504) 0.043
    Absent 42 0.167 (0.063, 0.385)
TNM stage
    I+II 34 0.172 (0.061, 0.404) 0.027
    III+IV 70 0.224 (0.095, 0.529) 
Cirrhosis
    Present 76 0.199 (0.063, 0.486) 0.131
    Absent 28 0.175 (0.075, 0.423) 
Abbreviations: HCC, hepatocellular carcinoma. The histological ex-
amination was conducted by referencing the standard of Edmond-
son grade. Tumor stage was classified according to the TNM criteria 
of the International Union Against Cancer. The levels of serum 
miR-96 are presented as median (IQR).

time PCR. The levels of serum miR-96 were 
0.194 (0.072, 0.436) in HCC patients (n = 
104); 0.105 (0.053, 0.249) in LC patients 
(n = 90); 0.063 (0.044, 0.120) in CHB pa- 
tients (n = 100); and 0.058 (0.012, 0.071) 
in healthy subjects (n = 120). The serum 
miR-96 levels in HCC patients were remark-
ably higher than in the other groups (P < 
0.01), and those levels in the LC patients 
were clearly higher than in both the CHB 
patients and the healthy individuals (P < 
0.05). However, no differences were found 
between the CHB patients and the healthy 
individuals (P > 0.05) (Figure 1).

Evaluation of serum miR-96 as a potential 
HCC diagnostic marker

To explore whether serum miR-96 could be 
a potential diagnostic marker for HCC, ROC 
curve analyses were performed (Figure 2). 
Serum miR-96 discriminated HCC patients 
from CHB patients with an AUC of 0.803 
(95% CI: 0.751-0.894). At the cut-off value 
of 0.138, the sensitivity and specificity for 
serum miR-96 was 77.9% and 75.3%, 
respectively. Serum AFP at the cut-off 
value of 20 ng/mL yielded an AUC of 0.713 
(95% CI: 0.572-0.795) with 73.2% sensitiv-
ity and 61.3% specificity. Furthermore, an 
AUC for the combination of serum miR-96 
and AFP was 0.889 (95% CI: 0.761-0.913) 
with 83.6% sensitivity and 82.4% specifi- 
city.

Relationship between serum miR-96 
levels and clinicopathological features in 
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patients whose serum miR-96 levels were high-
er than 0.138 were classified into the high-level 
subset, and 19 patients whose serum miR-96 
levels were lower than 0.138 were classified 
into the low-level subset. Using the Kaplan-
Meier analysis, our results demonstrated that 
the serum miR-96 level was a prognostic factor 
in 49 HCC patients. High serum miR-96 levels 
were associated with worse OS in HCC patients 
(P < 0.05) (Figure 3).

Discussion

HCC remains one of the most common and 
malignant tumors in humans worldwide, and it 
has a 5-year survival rate of approximately 10% 
[17]. HCC occurs mainly in patients with chronic 
HBV infection in certain areas, including 
Southeast Asia and Sub-Saharan Africa. These 
high-risk patients should have regular clinical 
exams. Satisfactory diagnostic methods for 
HCC have not been achieved, which contrib-
utes to the low survival rate of HCC. AFP, as a 
serological biomarker, is the most commonly 
used biomarker for screening HCC. However, 
the sensitivity of HCC diagnosis is 60-80% with 
a 20 ng/mL AFP cut-off value, and the sensitiv-
ity decreases to 20-40% for the detection of 
small tumors [18]. Over the last several years, 

an increased understanding of the molecular 
mechanisms underlying HCC initiation and pro-
gression has provided useful clinical data, not 
only to its pathogenesis but also to its progno-
sis and treatment efficacy. Moreover, some 
novel biomarkers, including miRNAs, have been 
suggested to be useful for HCC diagnosis and 
prognosis [19].

MiR-96, together with miR-182 and miR-183, 
belongs to the miR-183-96-182 cluster. Their 
seed regions (UUGGCA, nucleotides 2-7) are 
identical, which suggests potential general 
properties in mRNA target recognition and cel-
lular functions [20]. Recently, some studies 
have demonstrated that the aberrant expres-
sion of miR-96 could play important roles in 
tumorigenesis and tumor progression, includ-
ing hepatoma, gastric cancer, breast cancer 
and glioma [21-24]. In HepG2 hepatoma cells 
[21], the overexpression of miR-96 induces cell 
proliferation and clonogenicity. In addition, 
miR-96 promotes the migration and invasion of 
HCC cells (HCCLM6) via the modulation of 
osteopontin expression in vitro [14]. The major-
ity of the differential expression of miRNAs in 
serum can reflect the changes in the corre-
sponding tumor tissues [25], which implies that 
miRNAs should be widely applicable in clinical 
noninvasive diagnoses.

In this study, we detected the levels of serum 
miR-96 in 104 patients with HCC, 90 patients 
with LC, 100 patients with CHB and 120 healthy 
subjects, and we found that the levels of miR-
96 in the HCC group were significantly higher 
than those in the other groups, which is consis-
tent with the results of liver tissues [13]. In 
addition, we found that the levels of miR-96 in 
the LC patients were clearly higher than those 
in the CHB patients and healthy individuals. 
This finding suggests that the overexpression 
of miR-96 may be an early event during HCC 
development. We also tested whether serum 
miR-96 could be a powerful predictive tool for 
distinguishing patients with HCC from those 
with CHB. Our study showed that an AUC 
(0.803) of serum miR-96 at the cut-off value of 
0.138 was superior to the AUC (0.713) of AFP at 
the cut-off value of 20 ng/mL. Combined serum 
miR-96 and AFP analysis yielded an AUC up to 
0.889. Therefore, our results suggest the 
potential clinical value of serum miR-96 in the 
diagnosis of HCC. 

Figure 3. Kaplan-Meier analysis of overall survival 
(OS) of 49 HCC patients. Forty-nine HCC patients 
were followed for 30 months. According to the se-
rum miR-96 levels, 30 HCC patients were stratified 
to serum high-level subset (more than 0.138), and 
19 HCC patients to serum low-level subset. Kaplan-
Meier analysis showed high serum miR-96 levels 
were associated with worse OS (Log Rank = 4.347, 
P = 0.038).
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Some distinctive miRNA expressions have been 
found to be associated with clinical progression 
and prognostic factors in several cancers [9, 
10, 16]. In the present study, we analyzed the 
relationship between serum miR-96 levels and 
the clinicopathological characteristics in HCC. 
Our results indicate that a high level of serum 
miR-96 is associated with higher tumor size, 
higher prevalence of lymph node metastasis 
and higher TNM stage, which represent more 
aggressive clinical phenotypes and tend to 
have a larger tumor burden. Finally, the correla-
tion of serum miR-96 levels with the prognosis 
of HCC patients was evaluated, and we found 
that patients with high serum miR-96 levels 
showed worse OS than those with low miR-96 
levels, which revealed that the level of serum 
miR-96 has an important predictive value in 
HCC prognosis classification.

In conclusion, this study demonstrated that 
serum miR-96 levels were increased and had a 
satisfactory diagnosis performance in HCC 
patients with chronic HBV infection. Further- 
more, a high serum miR-96 level was closely 
correlated with more aggressive clinical char-
acteristics and poorer prognosis of HCC. Our 
findings suggest that serum miR-96 may be a 
novel biomarker for HCC patients with chronic 
HBV infection. 
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