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Abstract: Objective: Hepatocellular carcinoma (HCC) is a global public health concern that lacks efficient methods 
for early diagnosis. Accumulated evidence has revealed great potential using microRNAs (miRNAs) as noninvasive 
biomarkers in HCC detection. Methods: Serum miRNAs (miR21, miR122, miR-214, miR15b, and let-7f) were de-
tected in 75 patients with HCC and 80 healthy controls (HC). In addition, 75 HCC tissues and paired normal adja-
cent tissues were also analyzed for comparison. Quantified by real-time quantitative RT-PCR was used to evaluate 
the expression of miRNAs. Results: We discovered significant up-regulation of miR-21 (P < 0.001) and miR-15b (P 
< 0.001) as well as a down-regulation of miR-122 (P = 0.01) in HCC tissues compared to adjacent non-tumor tis-
sues. Additionally, miR-21 (P < 0.001) and miR-15b (P < 0.001) levels were upregulated in serum and miR-214 (P = 
0.01) was decreased in HCC patients compared to that in healthy controls. Multivariate logistic regression analysis 
showed that serum miR-21 (OR = 1.68, P = 0.012) and miR-15b (OR = 1.736, P = 0.012) were independently as-
sociated with HCC whereas miR-214 (OR = 0.631, P = 0.006) was associated with a decreased risk of HCC. When 
we employed miR-(21 + 122 + 15b) classifier as biomarkers, we could discriminate HCC tissues from adjacent non-
tumor tissues with an AUC of 0.885 (specificity: 89.7%; sensitivity: 73.1%). In serum, the cluster of miR-(21 + 214 
+ 15b) classifier (AUC = 0.887) had a sensitivity of 80.3% and a specificity of 87.0% for HCC diagnosis. Conclusion: 
Our results suggest that these serum miRNAs may be useful markers for discriminating HCC patients from healthy 
controls. Combined determination of circulating miR-21, miR-122, miR-214, and miR-15b has great potential to 
serve as an accurate and noninvasive biomarker for the early HCC preliminary screening.
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Introduction

Hepatocellular carcinoma (HCC) is the fifth  
and seventh most frequently diagnosed can- 
cer in males and females respectively. It is  
the second leading cause of cancer-related 
death in men and the sixth in women. HCC 
accounts for more than 90% of primary liver 
cancer (PLC) in China [1, 2]. The number of ne- 
wly diagnosed cases of liver cancer is proxi-
mately 750000 each year. Among those cases, 
82% occur in developing countries. The morbi- 
dity rate of liver cancer in most of the devel-
oped countries is less than 5/100000, where-
as more than 35.5/100000 in China. Chronic 

infections with hepatitis B virus (HBV) and/or 
hepatitis C virus (HCV) resulting in hepatic fib- 
rosis and cirrhosis are major risk factors for 
HCC [3, 4]. Other risk factors include aflatoxin 
and chlorethylene exposure, hereditary hemo-
chromatosis primary biliary cirrhosis, alcohol, 
diabetes mellitus, non-alcoholic fatty liver dis-
ease (NAFLD) and HIV infection. In China, HBV 
infection is the major risk factor for HCC [3, 5]. 

Recently, liver ultrasound (US), computed to- 
mography (CT) and laboratory examination for 
alpha-fetoprotein (AFP) are the main methods 
for HCC screening and monitoring [6]. AFP is 
widely used as a tumor marker for the HCC  
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DNA methylation and deacetylation. miRNAs 
are stable in many body fluids, such as serum, 
urine and pleural effusion, which can be appli- 
ed in early diagnosis for different diseases in 
harsh conditions. Since the abnormal expres-
sion of micro-RNA genes miR-15a and miR-16 
at 13q14 was first discovered in chronic lym-
phocytic leukemia [15], a series of studies via 
tissue, cell, and animal models demonstrate 
that the miRNAs participate in the generation, 
classification, development, and prognosis of 
various cancers like breast cancer, pancreatic 
cancer, and HCC. According to specific miRNAs 
expression profile, the diagnosis, classification, 
prognosis and treatment can be guided [16, 
17]. Here, we explored the miRNAs function in 
the generation, development, transfer and pr- 
ognosis of HCC, and established a sensitive 
and accuracy assay for HCC early diagnosis.

Materials and methods

Clinical specimens and ethics statement 

A total of 75 HCC patients were recruited from 
Zhongnan Hospital of Wuhan University from 
June 2015 to February 2017. The blood sam-
ples were collected from HCC patients before 
operation. All patients were confirmed as HCC 
by pathology, tumor tissues and paired normal 
adjacent tissues (NATs) were collected during 
operation. At the same time, peripheral blood 
from 80 healthy controls was recruited from 
Zhongnan Medical Center. Informed consent 
was obtained from each participant, and the 
ethics committee of Zhongnan Hospital of Wu- 
han University.

miRNA isolation

The miRNeasy Serum/Plasma Kit (QIAGEN, Ge- 
rman) was used to isolate the total RNA from 
the serum samples and total RNAs of tissue 
samples were extracted using the miRNeasy 
mini Kit (QIAGEN, German) according to the 
manufacturer’s protocols. Quantification of iso-
lated RNA was performed by NanoDrop 2000c 
(Thermo Scientific, American). The RNA sam-
ples were immediately stored at -80°C or con-
verted into cDNA immediately.

miRNA quantification by qRT-PCR

Real-time PCR was performed in a total volu- 
me of 10 μL per reaction in triplicate. Briefly, 10 

Table 1. Baseline characteristics of studied 
HCC patients

Baseline variable Hepatocellular carci-
noma patients, n (%)

Age 52.8 ± 9.7
Sex
    Male 71 (94.7)
    Female 4 (5.3)
BCLC Stages
    A 21 (28)
    B 36 (48)
    C 11 (14.7)
    D 7 (9.3)
Child-Pugh score
    A 62 (82.7)
    B 12 (16)
    C 1 (1.3)
Pathological differentiation
    Low 17 (22.7)
    Middle 53 (70.7)
    High 5 (6.6)
HBV-DNA
    Positive 72 (96)
    Negative 3 (4)
Tumor numbers
    Single 66 (88)
    Multiple 9 (12)

[7], while HCC guidelines in American Asso- 
ciation for the Study of Liver Diseases (AAS- 
LD) suggest that AFP should no longer be an 
indicator for routine screening in 2010 [8]. The 
predictive value of imaging tests is only 14%  
for early diagnosis because of the multiple 
interfering factors [9]. The specificity for its 
early diagnosis is limited for failing to accura- 
tely differentiate tumors less than 2 cm with 
other benign occupying lesions [5, 10, 11]. 
Currently, the overall prognosis of HCC is po- 
or, with an over-all 5-year survival rate of only 
5%~9%. Routine surveillance and screening  
in high risk populations with HCC allows early 
diagnosis and treatment of HCC [7], thus in- 
creasing survival time and post-operative sur-
vival rate. 

miRNAs are usually located in small chromo-
somal alterations in tumors or in common ch- 
romosomal-breakpoints that are associated 
with the development of cancer [12-14]. In 
addition, miRNAs can be silenced by promoting 
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μL reaction mixture consisted of 5 μL 2 × 
QuantiTect SYBR Green PCR Master Mix, 1 μL 
10 × miScript Primer Assay, 1 μL 10 × miScript 
Universal Primer, 1 μL cDNA samples and 2 μL 
RNase-free Water. Quantitative Real time PCR 
was carried out on BIO-RAD C1000 (America) 
with a thermal profile beginning at 95°C for 15 
min, followed by 40 cycles of 94°C for 15 s, 
55°C for 30 s and 72°C for 30 s, and ending  
at 4°C. RNU6 was assessed as the reference 
control for tissue and cell studies and miR-39 
was for serum studies. The sequence of miR-
NAs was obtained from miRBase online and  
the sequence of U6 was obtained from Gene- 
bank database (Gene ID: 26826). 

Statistical analysis

Student’s t test and Mann-Whitney U test we- 
re used to analyze the mean difference for  
normally distributed data and skewed data, re- 
spectively, and the results were presented as 
mean (SEM) or median (interquartile range). 
Correlation analysis and multivariable stepwi- 
se linear regression analysis was performed  
to analyze the relationship between the miR-
NAs and different clinicopathological features. 
Multivariate logistic regression was applied to 
analyze the correlation between miRNAs and 
HCC. The area under the receiver operating 
characteristic curve (AUC) was used to evalua- 
te the sensitivities and specificities of miRNAs. 

All the data were analyzed with IBM SPSS 
Statistics version 18 (IBM, Armonk, USA), and  
P < 0.05 was considered statistically signifi- 
cant.

Results

Patient’s characteristics

Among the enrolled HCC patients in this stu- 
dy, the mean age of 75 HCC patients was  
52.8 years, and the male:female ratio was 
71:4. In enrolled HCC patients, 21 cases had 
stage A disease, 36 cases had stage B disea- 
se, 11 cases had stage C disease and 7 cases 
had stage D disease based on the Barcelona 
clinic liver cancer (BCLC) staging system. Of 75 
HCC patients, 62 patients had Child-Pugh A 
liver function, 12 patients had Child-Pugh B 
liver function and one patients had Child-Pugh 
C liver function. Patients demographic and cli- 
nicopathological information is presented in 
Table 1.

miRNAs expression in the tissue samples of 
HCC and NATs

Preliminary experiments were performed to ex- 
amine the expression levels of 5 miRNAs (Let-
7f, miR-15b, miR-21, miR-122, and miR-214) in 
HCC and the paired NATs (Figure 1). As shown 
in Figure 1A, miR-21 was significantly overex-

Figure 1. Tissue microRNA expression in HCC tumor tissues and paried NATs. A. MiR-21, HCC tumor tissues (n = 75) 
vs paried NATs (n = 75). B. MiR-15b, HCC tumor tissues (n = 75) vs paried NATs (n = 75). C. MiR-122, HCC tumor tis-
sues (n = 75) vs paried NATs (n = 75). D. MiR-214, HCC tumor tissues (n = 75) vs paried NATs (n = 75). E. Let-7f, HCC 
tumor tissues (n = 53) vs NATs (n = 53). Data are shown as median (interquartile range). **P < 0.01, ***P < 0.001.
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pressed in HCC tissue samples compared wi- 
th that in paired NATs (P < 0.001, Figure 1A). 
miR-15b was upregulated in HCC tissues as 
well (P < 0.001, Figure 1B). Whereas, miR-122 
was significantly down expressed in HCC (P = 
0.01, Figure 1C). However, no significant dif- 
ference was found between HCC and NATs ti- 
ssues for the expression of miR-214 (P =  
0.24, Figure 1D) and let-7f (P = 0.94, Figure 
1E). However, the expression of 5 miRNAs in 
liver tissues had no significant difference am- 
ong different Barcelona Clinic Liver Cancer 
(BCLC) Stages, AFP levels or different ages.

miRNAs expression in serum samples of HCC 
and HC

The serum miRNA profile (miR-15b, miR-21, 
miR-122, miR-214) was detected in HCC pa- 
tients and healthy controls. As shown in Figu- 

miRNAs (miR-21, miR-214, miR-15b) in the pr- 
evious study were included for the multivari-
able logistic regression analysis after multicol-
linearity diagnosis. We discovered that miR-21 
(OR = 1.68, 95% CI: 1.121-2.540, P = 0.012), 
miR-214 (OR = 0.631, 95% CI: 0.453-0.879, P 
= 0.006) and miR-15b (OR = 1.736, 95% CI: 
1.129-2.670, P = 0.012) were the 3 indepen-
dent predictors for HCC (Table 2). 

miRNAs can distinguish HCC from healthy 
controls 

Receiver operating characteristic curve (ROC) 
analyses were carried out to evaluate the dia- 
gnostic value of tissue miRNAs. In our resear- 
ch, for single evaluation, the highest area un- 
der the ROC curve (AUC) value was miR-21 
(0.738, 95% CI: 0.654-0.817, P < 0.001), with a 
sensitivity of 78.6% and a specificity of 62.1% 
(Figure 3A). The AUC for combined evaluation 
of miR-(122 + 15b) classifier was 0.863 (95% 
CI: 0.799-0.927, P < 0.001), with a sensitivity  
of 88.2% and a specificity of 77.5% (Figure 3A). 
In addition, the ROC curve for the combined  
tissue miR-(21 + 122 + 15b) classifier had a 
slightly higher AUC (0.885, 95% CI: 0.828-
0.943, P < 0.001) with a sensitivity of 89.7% 
and a specificity of 73.1% (Figure 3A). The 

Figure 2. Serum microRNA expression in HCC patients and healthy controls. 
A. MiR-21, HCC patients (n = 75) vs healthy controls (n = 80). B. MiR-15b, 
HCC patients (n = 75) vs healthy controls (n = 80). C. MiR-214, HCC patients 
(n = 75) vs healthy controls (n = 80). D. MiR-122, HCC patients (n = 75) vs 
healthy controls (n = 80). Data are shown as mean (SE). *P < 0.05, ***P 
< 0.001.

Table 2. Multivariate logistic regression analy-
sis of the miRNAs correlated to HCC
Variables OR 95% CI p-value
miR-21 1.688 1.121-2.540 0.012
miR-214 0.631 0.453-0.879 0.006
miR-15b 1.736 1.129-2.670 0.012

re 2, miR-21 and miR-15b 
were significantly upregulated 
in HCC serum samples (P < 
0.001, Figure 2A, 2B) com-
pared with that in HC ser- 
um samples. Whereas, miR-
214 was significantly downre- 
gulated in HCC (P = 0.02, 
Figure 2C). However, miR-122 
expression had no evident ch- 
anges between serum sam-
ples of HCC and HC (P =  
0.567, Figure 2D).

After adjustment for age, gen-
der, AFP, ALT, AST, HBV, GGT, 
and Child-Pugh score, we cal-
culated the odds ratio (OR) 
with 95% confidence intervals 
(CI) to determine whether mi- 
RNAs in serum samples were 
independently associated with 
HCC. As no significant differ-
ence of miR-122 expression 
was found between HCC and 
HC (P = 0.568), the other 3 



MicroRNAs discriminating HCC patients from healthy controls

994 Int J Clin Exp Pathol 2018;11(2):990-997

Table 4. Respective and joint diagnostic value of serum 
miRNAs
Items AUC 95% CI SE% SP%
miR-21 0.771 (0.654, 0.888)*** 69.1 78.3
miR-214 0.733 (0.610, 0.856)** 79.3 69.6
miR-15b 0.809 (0.712, 0.905)*** 89.7 63.1
miR-(21 + 214) 0.828 (0.730, 0.925)*** 93.1 59.7
miR-(21 + 15b) 0.830 (0.730, 0.929)*** 72.4 87.0
miR-(214 + 15b) 0.868 (0.787, 0.949)*** 89.1 87.0
miR-(21 + 214 + 15b) 0.887 (0.813, 0.961)*** 80.3 87.0
Asymptotic test was used to analyze AUC. **P < 0.01; ***P < 0.001.

remaining ROC curve results of tissue micro- 
RNAs are shown in Table 3.

In addition, we discovered that the serum 
microRNAs had a higher efficacy in discrimi- 
nating HCC patients from healthy controls. For 

tial biomarker for tumor diagnosis [19]. By 
comparing the statistics from 17 articles about 
mi-21 as tumor diagnosis marker, Wang Y found 
that the sensitivity and specificity of miR-21 on 
tumor diagnosis is 75.7% and 79.3% respec-
tively [20]. Until now, aberrant miR-21 has be- 

Figure 3. Differential microRNAs discriminated HCC samples from non-HCC samples. A. ROC curves of three differ-
ent combined classifiers for discriminating HCC tissues (n = 75) from non-HCC tissues (n = 75). B. ROC curves of 
three different combined classifiers for discriminating HCC patients (n = 75) from healthy controls (n = 80).

Table 3. Respective and joint diagnostic value of 5 
miRNAs 
Items AUC 95% CI SE% SP%
miR-21 0.738 (0.654, 0.817)*** 78.6 62.1
miR-122 0.648 (0.556, 0.739)*** 55.4 80.1
miR-15b 0.683 (0.596, 0.769)*** 57.7 56.8
miR-(21 + 122) 0.860 (0.799, 0.921)*** 78.5 77.1
miR-(21 + 15b) 0.735 (0.653, 0.817)*** 64.8 74.5
miR-(122 + 15b) 0.863 (0.799, 0.927)*** 88.2 77.5
miR-(21 + 122 + 15b) 0.885 (0.828, 0.943)*** 89.7 73.1
Asymptotic test was used to analyze AUC. ***P < 0.001.

the single microRNA, miR-15b had the 
highest AUC (0.809, 95% CI: 0.712-
0.905, P < 0.001), with a sensitivity of 
89.7% and specificity of 63.1% (Figure 
3B). Notably, the ROC curve analysis for 
the combined serum miR-(214 + 15b) 
showed a higher AUC (0.868, 95% CI: 
0.787-0.949, P < 0.001) with a sensitiv-
ity of 89.1% and a specificity of 73.1% 
(Figure 3B). Furthermore, the ROC curve 
for the combined serum miR-(21 +  
214 + 15b) classifier resulted in a bett- 
er AUC (0.887, 95% CI: 0.813-0.961,  
P < 0.001) with a sensitivity of 80.3% 
and a specificity of 87.0% (Figure 3B). 
The remaining ROC curve results of 
serum microRNAs are shown in Table  
4.

Discussion

MicroRNAs play important ro-les in all 
biological processes via post-transcrip-
tional regulation of protein-coding ge- 
nes, which participate cell proliferation, 
differentiation, survival and carcinogen-
esis [18]. Accumulated evidence sug-
gests that miR-21 could be novel poten-
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en found in various tumor cases including lu- 
ng cancers, colorectal carcinomas, breast can-
cers, gastric carcinomas, pancreatic cancers, 
esophagus cancers, osteosarcoma and HCC. 
Over expression of SOCS6 could significantly 
decrease cell growth rate and invasion capabil-
ity. miR-21 might play an important role in mo- 
dulating cell growth and invasion of HCC cells 
by simultaneously targeting SOCS6 gene and 
modulating its expression at protein level [21].

miR-122 is a highly abundant hepatocyte-spe-
cific miRNA which accounts for 70% of the to- 
tal adult human liver miRNA population [22]. 
Recent studies show that miR-122 was a tu- 
mor suppressor in HBV-transformed HCC by in- 
hibiting cell migration and proliferation via do- 
wn-regulating the expression of multiple targ- 
et genes which are associated with HCC pa- 
thogenesis. It has been demonstrated that 
decreased miR-122 levels are associated with 
poorer overall survival of HCC patients [23]. 
Other findings also suggest that miR-122 le- 
vels are closely linked to the metastasis, inva-
sion, and prognosis of HCC. In our research, a 
significant down regulation of miR-122 levels 
was observed in HCC compared to normal liver 
tissue which was consistent with the result in 
the studies by Wang et al. [24] and Huang et  
al. [25]. A study on hepatitis B patients [26] 
suggested that cancer-induced hepatocyte da- 
mage could release the abundant intracellular 
miR-122 into the circulation. Also, other studies 
found that the release of circulating miR-122 
possibly mirrors acute liver injury [27]. This 
might explain the results that there exists an 
up-regulation of circulating miR-122 despite 
the decreased levels of miR-122 in HCC tis-
sues. Recently, an investigation shows that  
the inhibition of miR-122 can cause a small but 
significant increase in its complementary st- 
rand miR-122*, which is liver specific and acts 
as a tumor suppressor by targeting and inhibit-
ing Mdm2, a prominent negative regulator of 
the tumor suppressor p53 thus causing the 
elevated p53 levels [28]. In addition, our re- 
search found that the miR-122 levels in HCC 
tissues are associated with the differentiation 
and pathological stages of the disease, which 
indicate that there might be a correlation 
between miR-122 and the disease prognosis.

Accumulated evidence suggests that there exi- 
sts a significant down-regulation of miR-214 in 

various cancer tissues including breast can- 
cer, colon cancer, pancreatic cancer, and pros-
tate cancer [29, 30]. Also a specific change of 
miR-214 was found in serum and urine. Studi- 
es also found its multiple functions in tumor 
metastasis, invasion, proliferation, and apop- 
tosis. All the researches indicate that miR-214 
is often dysregulated in various cancers, which 
governs both tumorigenic and tumor suppres-
sive functions. The stable existence of miR- 
214 in urine and serum samples indicates a 
relationship between miR-214 and tumor de- 
velopment. In our research, a significant redu- 
ction of miR-214 level in tissues and serum 
samples of HCC was observed. Moreover, 
serum miR-214 was found to be negatively  
correlated with HCC in our study, which dem- 
onstrates that miR-214 might be a negative 
predictor for HCC. Our multivariable analysis 
only detected a negative correlation between 
tissue miR-214 and cirrhosis. Altogether, the 
results imply that there might be a potential 
relationship between miR-214 and liver func-
tions. However, the role of miR-214 on tumori-
genesis and other surrogates in liver function 
needs more investigation [31]. 

The aberrant expression of miR-15b has been 
observed in various cancer including breast 
cancer, glioma, lung adenoma, colorectal can-
cer, and pancreatic cancer [32]. Some studies 
imply that miR-15b may exert its function as 
tumor suppressor in HCC cells targeting on as- 
sociated genes. In our research, we observed 
an up-regulation of miR-15b in tumor tissues, 
also, a positive relationship was found betwe- 
en serum miR-15b and HCC development. The 
results indicated a positive correlation betwe- 
en miR-15b and HCC which was inconsistent 
with the conclusion that miR-15b might func-
tion as tumor suppressor gene in HCC patients 
[32, 33]. Moreover, we observed a significant 
correlation between miR-15b and HCC patho-
logical stages. Multivariate analysis detected a 
negative correlation between tumor numbers 
and miR-15b levels in tissues. The role of miR-
15b has not been explicit yet, while the detail- 
ed mechanism should be further studied.

The aberrant expression of Let-7f is widely 
found in breast cancer, medulloblastoma, ag- 
gressive papillary thyroid carcinoma, gastric 
cancer and has been demonstrated to corre-
late significantly with tumor invasion and me- 



MicroRNAs discriminating HCC patients from healthy controls

996 Int J Clin Exp Pathol 2018;11(2):990-997

tastasis [34]. Enhanced expression of Let-7f 
has been assumed to suppress glioma cell  
proliferation. Some researchers report a sig- 
nificant down-regulation of let-7f in HCC tis-
sues. However, in our study, no differential 
expression of let-7f was found in HCC tissues 
compared to NATs. Also, up-regulated serum 
let-7f was found in patients with a tumor more 
than 5 cm in diameter and with early recur-
rence [35] which indicates that the detailed 
mechanism of let-7f regulation should be fur-
ther researched.

Similar with previous studies, we also showed 
that microRNAs could discriminate HCC pa- 
tients from healthy controls, and promise to be 
an effective biomarker for HCC diagnosis. Thir- 
teen articles on the early diagnosis by miRNA 
provide evidence that the mean data of the 
sensitivity, specificity, and AUC of miRNAs are 
83.73%, 84.77% and 0.885 respectively. Also, 
great differences on specificity and sensitivity 
have been shown among various miRNAs.
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