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Original Article
Expression of miR-151 in hepatocellular carcinoma  
tissues and its clinicopathological significance
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Abstract: MicroRNAs (miRNAs) are small noncoding RNAs that can become dysregulated in cancer and may predict 
survival. The effect of microRNA-151 on outcome in hepatocellular carcinoma (HCC) after liver transplantation (LT) 
has not been reported. The identification of new biomarkers to predict prognosis of HCC after LT is an important 
clinical need. The aim of this study was to investigate the prognostic value of miR-151 in HCC patients follow-
ing LT. We quantified miR-151 using real-time quantitative reverse transcription polymerase chain reaction in 82 
paired cancerous tissues and para-cancerous normal liver tissues and investigated the relationships among miR-
151 expression, clinicopathological parameters, and overall survival. Among 82 paired samples, 60 cancer tissues 
overexpressed miR-151 compared with matched normal liver tissues. Patients with microvascular invasion or multi-
tumor nodules showed significantly higher miR-151 expression than those without these variables, and miR-151 
expression was further increased in patients with post-LT HCC recurrence compared with those without recurrence. 
Patients with higher miR-151 expression showed significantly poorer overall survival than individuals with lower 
miR-151 levels. Multivariate analysis revealed that high miR-151 was an independent predictor of poor prognosis. 
Our results associate increased miR-151 expression with HCC recurrence and prognosis, and also suggest that 
miR-151 is an independent predictor of survival in HCC patients after LT and may serve as a potential biomarker for 
prognosis in these patients.
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Introduction

Hepatocellular carcinoma (HCC) is the fifth 
most common cancer [1, 2] and the third lead-
ing cause of cancer-related deaths worldwide. 
Liver transplantation (LT) is an effective thera-
peutic option for HCC. However, although LT 
provides a reasonable survival benefit for pa- 
tients with HCC [3, 4] the long-term survival  
of patients following surgery remains unsatis-
factory due to the high frequency of HCC re- 
currence.

Considering the limitations of imaging studies 
and the limited sensitivity of available labora-
tory analyses, identification of new prognos- 
tic markers may be useful in guiding post-LT 
surveillance. microRNAs are small, non-coding 
RNA gene products containing 20-24 nucleo-
tides that play an important role in all biological 
processes through post-transcriptional regula-

tion of protein-coding genes [5]. Recent studies 
indicate that expression profiling of microRNAs 
is a superior method for prognostication over 
mRNA profiling. Tumor microRNAs show a uni- 
que expression profile in HCC that may predict 
recurrence [6, 7]. Recently, miR-151 was found 
to be up-regulated in several tissues [8-11]. 
Moreover, miR-151 can promote HCC cell inva-
sion and metastasis by targeting RhoGDIA [12]. 
However, to our knowledge no study has report-
ed the association between miR-151 and prog-
nosis with regard to post-LT HCC recurrence.

In the present study, we evaluated miR-151 
expression levels in 82 paired cancerous tis-
sues and adjacent non-cancerous hepatic tis-
sues using quantitative reverse transcription 
polymerase chain reaction (RT-PCR) of forma-
lin-fixed paraffin-embedded (FFPE) samples 
and found that miR-151 was significantly up-
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regulated in HCC tissues. We also investigated 
the association of miR-151 expression with bio-
markers of survival of HCC patients following  
LT and clinical variables.

Materials and methods

Patients and tissue samples

From June 2009 to December 2013, 82 pa- 
tients underwent LT for HCC at the Liver Trans- 

Shanghai, China) according to the manufactur-
er’s instructions. RNA concentrations were de- 
termined spectrophotometrically. RNA quality 
was confirmed using a Fisher Scientific Nano- 
Drop 2000 Spectrophotometer.

Quantitative real-time RT-PCR

Reverse transcription, was performed with 200 
ng of total RNA and a specific stem-loop RT 
primer for miR-151 with U6 snRNA as an endog-

Table 1. Correlation between miR-151 expression and clinicopatho-
logical characteristics of HCC patients following LT

Parameter N
miR-151 relevant expression level

p-value
Low High

Age 82 52.54±5.022 53.04±4.205 0.157a

Sex
    Male 73 36 37 1.000c

    Female 9 5 4
Etiology of liver disease
    HBV 74 39 35 0.264c

    Others 8 2 6
Cirrhosis
    Yes 79 39 40 1.000c

    No 3 2 1
Milan criteria
    In 42 22 20 0.659b

    Out 40 19 21
Histologic grade
    Well/Moderately 67 36 31 0.153b

    Poorly 15 5 10
Tumor stage 
    I+II 65 35 30 0.173b

    III 17 6 11
Tumor size (cm)
    ≤5 51 28 23 0.255b

    >5 31 13 18
Tumor nodes
    Multi 27 9 18 0.034b

    Single 55 32 23
Micro-vascular invasion
    Yes 18 5 13 0.033b

    No 64 36 28
Pre-LT serum AFP level
    >400 μg/L 31 14 17 0.494b

    ≤400 μg/L 51 27 24
HCC recurrence 26/82 8/41 18/41 -
Overall survival 55/82 33/41 22/41 -
AFP alpha-fetoprotein, MELD model for end -stage liver disease, aUnpaired student’s 
t test; bChi-square test; cFisher’s exact test.

plantation Surgery Unit, Chi- 
nese Armed Police Gene- 
ral Hospital, Beijing, China. 
We obtained follow-up data 
for these patients. Inclusion 
criteria included the “up-to-
seven” transplantation crite-
ria for HCC [13]. Patients 
with large liver vessel HCC 
invasions or extra-hepatic 
metastases and those who 
were younger than 18 years 
were excluded. Post-trans- 
plant monitoring of recur-
rence was performed by 
standard imaging and/or 
biopsy techniques. Human 
primary HCC and adjacent 
non-tumor liver tissues (>1 
cm from the tumor) were  
collected from FFPE tissue 
blocks and confirmed histo-
logically. Clinical information 
was collected from patient 
records (Table 1). Median 
recurrence-free period was 
10 months for patients with 
HCC recurrence and 23 
months for patients without 
recurrence. Prospective writ-
ten consent was obtained  
in accordance with ethical 
guidelines.

Isolation of total RNA FFPE 
tissue

Total cellular RNA was iso- 
lated from 8 × 10-μm sec-
tions of FFPE tissues with 
efficient recovery of small 
RNA using the RecoverAll 
Total Nucleic Acid Isolation 
Kit (P/N, AM1975; Invitrogen, 
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enous control (Taqman miR-151/U6 snRNA 
assay; ID:000395 and ID:002324; Life Tech- 
nologies, Foster City, CA, USA) using the Taq- 
Man MicroRNA Reverse Transcription Kit (P/N 
4366597; Life Technologies) and the following 
thermal conditions: 16°C for 30 min, 42°C  
for 30 min, and 85°C for 5 min. Quantitative 
RT-PCR amplification reactions were perform- 
ed using TaqMan microRNA assays (P/N444- 
0887; Life Technologies) as described previ-
ously [14]; U6snRNA was used as an internal 
control to normalize and quantify miR-151 ex- 
pression. Relative expression levels were cal- 
culated by the 2-ΔΔCt method. Quantitative PCR 
was quantified with an ABI PRISM 7500 real-
time PCR system (Applied Biosystems, Foster 
City, CA, USA).

Statistical analysis

Results represent mean ± standard deviation 
of three independent experiments. Two-sided 
Student’s t test and the Mann-Whitney U test 
were applied to evaluate differences between 
groups. The chi-square test or the Fisher’s 
exact test was used for analysis of categori- 
cal data. Multivariate Cox proportional hazard 
regression analysis was used to evaluate the 
contribution of independent factors to patient 
survival; only factors that were found to be  
significant in the univariate analysis were taken 
as covariates. All calculations were perform- 
ed by GraphPad Prism 6 software (GraphPad 
Software, Inc., CA, USA). P<0.05 was consid-
ered statistically significant.

Figure 1. Upregulated of miR-151 in HCC is associated with tumor recurrence and poor prognosis following LT. A. 
The expression of miR-151 was examined in cancerous tissues (T) and their adjacent noncancerous hepatic tissues 
(N). B. The expression levels of miR-151 were further high-regulated in HCC samples of patients with tumor recur-
rence after LT. C. The expression levels of miR-151 were much higher in the patients who had died after LT than the 
patients who still survived. D and E. The expression of miR-151 were analyzed statistically in patients with micro-
vascular invasion or without. v, micro-vascular invasion. m, multi tumor nodules. s, single tumor nodule. F and G. 
Kaplan-Meier analyse of survival curves for patients with high and low miR-151 expression levels.
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Results

MiR-151 expression is higher in primary HCC 
than in matched adjacent non-cancerous he-
patic tissues

To investigate the significance of miR-151 in 
HCC we examined miR-151 expression levels in 
a training set of 83 paired cancerous tissues 
and adjacent non-cancerous hepatic tissues 
using real-time RT-PCR. miR-151 expression 
was significantly up-regulated in 73.2% (60/82, 
P=0.0318) of primary HCC tissues (Figure 1A) 
compared with normal liver tissues. We next 
examined the correlation of miR-151 expres-
sion with clinicopathologic factors (Table 1). 
miR-151 expression was higher in patients  
with tumor recurrence after LT compared with 
those without recurrence after LT (P=0.0143; 
Figure 1B). A similar trend was seen in patients 
who died after LT compared with patients who 
survived (P=0.0407; Figure 1C). Moreover, pa- 
tients with microvascular invasion or multi-
tumor nodules expressed significantly higher 
miR-151 levels than those without these vari-
ables (P<0.05; Figure 1D and 1E).

Increased miR-151 expression is associated 
with tumor malignancy

We analyzed the associations between miR-
151 expression and clinicopathologic features 
and found that increased miR-151 expression  
in primary HCC was significantly associated 
with malignant behavior, such as microvascular 
invasion (P=0.033) and multiple tumor nodes 
(P=0.034) (Table 1); conversely, miR-151 expre- 

ssion in patients with microvascular invasion  
or multi-tumor nodules was significantly higher 
than in patients without these characteristics 
(P<0.05; Figure 1D and 1E).

Increased miR-151 expression in HCC is as-
sociated with tumor recurrence and poor prog-
nosis

To further explore the clinical relevance of  
miR-151, Kaplan-Meier and Univariate Cox pro-
portional hazard regression analyses were  
performed. Kaplan-Meier analysis showed that 
increased miR-151 expression (i.e., > median 
level) correlated with shorter recurrence-free 
survival (RFS; P=0.0257; Figure 1F) and overall 
survival (OS; P=0.0246; Figure 1G) of HCC 
patients following LT. Univariate Cox regression 
analyses revealed that increased miR-151 ex- 
pression was significantly associated with OS 
(P<0.001; hazard ratio [HR]: 2.569; 95% confi-
dence interval [CI]: 2.365-8.878; Table 2).

MiR-151 independently predicts survival of 
post-LT HCC patients

To obtain insight into the predictive potential  
of miR-151 for survival we performed multivari-
ate Cox proportional hazard regression analy-
ses to test whether miR-151 expression was an 
independent prognostic factor associated with 
survival. Taking tumor size, tumor stage, histo-
logic grade, Milan criteria, microvascular inva-
sion, and miR-151 expression as covariates 
that were found to be significant in univariate 
analysis, univariate Cox regression for OS in  
the present patient cohort revealed that Milan 

Table 2. Univariate and Multivariate Cox regression analyses of overall Survival in 82 HCC patients 
following LT

Parameter
Univariate analysis Multivariable analysis

HR 95% CI P-value HR 95% CI P-value
Age 1.002 0.977-1.028 0.877 - - -
Gender 1.315 0.654-2.644 0.286 - - -
HBV infection 1.300 0.622-2.717 0.485 - - -
Cirrhosis 0.514 0.185-1.428 0.202 - - -
Tumor grade 1.390 0.790-2.446 0.253 - - -
Milan criteria (out) 1.269 1.873-3.423 0.028 0.906 0.516-1.571 0.514
AFP>400 (μg/L) 1.294 0.826-2.028 0.261
Tumor diameter (>5 cm) 1.652 1.044-2.613 0.032 1.680 1.944-2.990 0.038*

Micro-vascular invasion 10.008 4.908-20.734 <0.001 5.568 2.912-10.649 <0.001*

miR-151 (high) 2.569 2.365-8.878 <0.001 3.177 2.630-9.744 0.002*

*Statistically significant difference.
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criteria, tumor diameter and microvascular in- 
vasion were strongly predictive of OS (Table 2). 
Multivariate Cox regression analysis showed 
that tumor diameter (HR=1.608, P=0.038), 
microvascular invasion (HR=5.568, P<0.001), 
and increased miR-151 expression (HR=3.177, 
P=0.002) were independently associated with 
poor survival (Table 2).

Discussion

Differential miR-151 expression between HCC 
tissues and non-cancerous liver tissues has 
only been reported in one previous study in 
which miR-151 expression was found to be up-
regulated in HCC tissues compared with adja-
cent non-cancerous liver tissue samples (50 
cases) using real-time RT-qPCR [12]. In the 
present study, increased expression of miR-
151 in HCC tissues compared with correspond-
ing adjacent liver tissues in the same patients 
was also observed. The results of our study, 
together with those of Ding [12], indicate that 
miR-151 plays a critical role in hepatocarcino-
genesis, functioning as a oncogenic miRNA.

Post-transplant HCC recurrence can appear in 
two situations: when extra-hepatic metastasis 
was not detectable during the pre-transplant 
work-up, and as a consequence of circulating 
HCC cells engrafting and growing in a target 
organ during the peri-transplant period [15]. 
These two mechanisms may be associated 
with tumor cell aggressiveness. Expression 
profiling of microRNAs might be a more ac- 
curate method of classifying cancer subtypes 
than expression profiles of protein-coding ge- 
nes [7, 16]. In particular, miR-151 is often over 
expressed in human tumors and promotes  
cancer cell invasion and metastasis [9-12]. In 
the present study, we showed that miR-151 ex- 
pression was increased in HCC tissues. More- 
over, increased miR-151 expression was asso-
ciated with tumor malignancy; for example, in- 
creased miR-151 expression in HCC correlat- 
ed with microvascular invasion and multiple 
tumor nodes. We further found that miR-151 
was associated with survival and tumor recur-
rence in HCC patients who underwent LT. Our 
results indicated that HCC patients with higher 
expression levels of miR-151 had increased 
HCC recurrence and shorter survival follow- 
ing LT. To our best knowledge, our study is the 
first to correlate the expression of oncogenic 
miR-151 with clinical outcomes in HCC patients 
who underwent LT.

Mechanisms of miR-151 up regulation in vari-
ous tumor tissues could be related to different 
target genes of miR-151 that have been report-
ed in some cancers. Hsu KW et al. suggested 
that the Notch1 pathway and miR-151-5p inter-
play with p53 in a reciprocal regulation loop in 
the control of gastric carcinogenesis [17]. 
PCBP2 may facilitate promotion of glioma cell 
migration and invasion by miR-151-5p and miR-
16 through mitigating the function of ARHGDIA 
[18]. The CCNE1 rs3218073 polymorphism 
located at a miRNA-151 binding site is associ-
ated with nasopharyngeal carcinoma (NPC) 
susceptibility and is correlated with NPC stage 
[19]. Our studies correlated increased miR-151 
expression in HCC with microvascular invasion 
and multiple tumor nodes. Increased miRNA 
expression can contribute to tumor prolifera-
tion, survival, or invasiveness, depending on 
the target genes. However, the list of direct tar-
gets of miR-151 is far from complete. Moreover, 
the miR-151 targets in HCC are not fully under-
stood and their identification and function war-
rant further study, as they may reveal new ther-
apeutic targets or biomarkers for cancers.

Taken together with previous reports, the cur-
rent observations strongly suggest that miR-
151 acts as an oncogenic miRNA that plays a 
vital role in the tumorigenesis and progression 
of human HCC. MicroRNA-151 expression in 
HCC FFPE samples could be a prognostic bio-
marker for survival in HCC patients who under-
go LT.
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