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and HCC deaths worldwide occurred in the Peo-
ple’s Republic of China3. Despite recent advances 
in the diagnosis and treatment of HCC, The 5-year 
survival rate for HCC patients was poor because 
of delayed diagnosis of HCC and lack of effective 
therapy for advanced HCC4. Thus, it is important to 
explore highly sensitive biomarkers that can preci-
sely predict the prognosis and recurrence

MicroRNAs (miRNAs) are small (19–24nt), sin-
gle-stranded, noncoding RNAs, which can regulate 
gene expression posttranscriptionally5,6. More and 
more previous investigations have proved that miRs 
are involved in the initiation, development, and pro-
gression of cancers7,8. Functional studies have pre-
dicted that miRNAs can control the activity of over 
30% of all protein-coding genes. Some miRNAs has 
been identified to serve as either oncogenes or tumor 
suppressors9. For instance, Dou et al10 showed that 
miR-187-3p inhibited the metastasis and EMT in 
HCC by targeting S100A4. Li et al11 found miR-21 
and miR-183 promote HCC proliferation and meta-
stasis by targeting SOCS6. Based on these findings, 
some researchers hypothesized miRNAs may be 
used as a candidate factor for predicting prognosis 
for HCC. Recently, many studies focused on the pro-
gnostic value of miRNAs in tumors.

A previous study12 showed that miR-342-3p 
may function as a tumor suppressor in HCC. 
However, to our best knowledge, the prognostic 
significance of miR-342-3p in HCC has not been 
reported. In the present work, we investigated 
whether miR-342-3p expression was associated 
with the outcome of HCC patients.

Patients and Methods

Patients and Tissue Samples
We enrolled 184 HCC patients in the 302 Mi-

litary Hospital between July 2009 and September 
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Introduction

Hepatocellular carcinoma (HCC) is a very ag-
gressive cancer with a high mortality, and remains 
one of the most common solid tumors worldwide1,2. 
It was reported that one-half of the new HCC cases 
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2011 in this study. All tumor tissues and normal 
matched tissues were obtained from the resected 
tumors and adjacent normal liver tissues of the 
patients, and were immediately frozen in liquid 
nitrogen and stored at -80°C until use. None of 
the patients had undergone preoperative interven-
tion therapy or chemotherapy. Detailed demo-
graphic and clinicopathological data such as age, 
gender, tumor size, liver cirrhosis, tumor number, 
AFP, hepatitis B, histologic grade and TNM stage. 
were gathered and summarized. Overall survival 
was defined as the interval between the dates of 
surgery and death. Ethical approval was obtained 
from the 302 Military Hospital Research Ethics 
Committee, and written informed consent was 
obtained from each patient.

miRNA Extraction and Quantitative 
Real-time PCR

Total miRNA from surgical HCC tissues was 
extracted using the mirVana miRNA Isolation Kit 
(Ambion, Austin, TX, USA) according to the ma-
nufacturer’s instructions. After total RNA had been 
extracted, miRNA-specific reverse transcription 
and PCR amplification were performed. PCR re-
actions were performed by using SYBR®-Green I 
master mix (Eurogentec, Ougrée Seraing, Belgium) 
and were run on a MyiQ™ iCycler (Bio-Rad, Her-
cules, CA, USA). U6 small nuclear or β-actin RNA 
were used as internal controls. The fold expression 
changes between groups were measured using the 
comparative Ct method (2−ΔΔCT). PCR primers for 
miR-342-3p, U6 and β-actin were purchased from 
Invitrogen (Foster City, CA, USA).

Statistical Analysis
The data were analyzed with the Statistical 

Package for the Social Science SPSS 19.0 softwa-
re (SPSS Inc., IBM, Chicago, IL, USA). The as-
sociation between miR-342-3p expression and 
clinicopathological parameters was evaluated 
by Fisher’s exact test. The survival curve was 
assessed by the Kaplan-Meier method, and the 
two groups were compared by the log-rank test. 
Independent prognostic factors were determined 
using the Cox regression model for multivariate 
analysis. Differences were considered statistically 
significant when p was less than 0.05.

Results

MiR-342-3p was Lowly Expressed in HCC
To explore the potential role of miR-342-3p in 

HCC, expression of miR-342-3p in HCC determi-

ned the by real-time RT-PCR. As shown in Figure 
1, HCC patients exhibited the lowest and highest 
expression of miR-339-5p. These results sugge-
sted that miR-342-3p plays an anti-oncogenic role 
in HCC.

MiR-342-3p Expression and 
Clinicopathological Factors in HCC

Next, we determined whether miR-342-3p 
expression levels are associated with specific cli-
nicopathological characteristics. Patients were 
divided into two groups: high and low miR-342-
3p expression groups according to the median 
expression level of miR-342-3p in HCC tissues. 
Our data showed that miR-342-3p expression was 
correlated with histologic grade (p = 0.008) and 
tumor TNM stage (p = 0.001) (Table I). However, 
miR-342-3p expression was not associated with 
other parameters such as gender, age, tumor size 
and liver cirrhosis (p > 0.05, respectively, Table I).

Impact of miR-342-3p Expression on 
Overall Survival in HCC Patients

To determine the prognostic value of the miR-
342-3p expression in human HCC, we performed 
a Kaplan-Meier survival analysis, and the results 
revealed that the overall survival rate of patien-
ts in the low miR-342-3p expression group was 
significantly poorer than those of patients in the 
high miR-342-3p expression group (p < 0.001, 
Figure 2). To further determine whether miR-
342-3p was an independent prognostic factor for 
HCC, we performed univariate and multivariate 
analyses. The results indicated that miR-342-3p 
expression (HR=2.231, 95% CI: 1.234-4.893, p = 

Figure 1. MiR-342-3p expression levels in HCC samples 
were significantly lower than those in adjacent non-tumor 
tissues (p < 0.001).
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0.002) was significant prognostic factors for HCC 
patients (Table II).

Discussion

As the most common primary liver cancer, 
HCC is the third most frequent cause of can-

cer-related mortality13. Thus, there is an urgent 
need to identify new molecular targets for the 
diagnosis, prognosis, and treatment of pancreatic 
cancer. Although some clinical features of HCC, 
such as vascular invasion and tumor multifoca-
lity, could be used to evaluate the prognosis of 
HCC patients, it can’t satisfied the growing cli-
nical need for highly effective, accurate progno-

Table I. The association between miR-342-3p expression and clinico-pathological features.

			                                miR-342-3p expression

Parameters	 Group	 Total	 High	 Low	 p value

Age (years)	 < 60	 95	 51	 44	 0.268
	 ≥ 60	 69	 69	 38	
Gender	 Male	 111	 59	 52	 0.243
	 Female	 53	 23	 30	
Tumor size (cm)	 < 5 cm	 73	 33	 40	 0.271
	 ≥ 5 cm	 91	 49	 42	
Liver cirrhosis	 Negative	 23	 14	 9	 0.261
	 Positive	 141	 68	 73	
Tumor number	 Solitary	 80	 39	 41	 0.755
	 Multiple	 84	 43	 41	
AFP	 < 20	 63	 33	 30	 0.630
	 > 20	 101	 49	 52	
Hepatitis B	 Negative	 49	 22	 27	 0.394
	 Positive	 115	 60	 55	
Histologic grade	 High	 128	 71	 57	 0.008
	 Low	 36	 11	 25	
TNM stage	 I-II	 113	 66	 47	 0.001
	 III-IV	 51	 16	 35	

Table II. Univariate and multivariate analysis of overall survival in HCC patients (no. = 164).

		  Univariate analysis			   Multivariate analysis

Variable	 HR	 95% CI	 p	 HR	 95% CI	 p

Age (years)	 0.913	 0.566-1.432	 0.277	 -	 -	 -
 < 60 vs. ≥ 60						    
Gender	 1.167	 0.811-1.459	 0.179	 -	 -	 -
 Male vs. Female						    
Tumor size	 1.633	 0.782-1.982	 0.163	 -	 -	 -
 < 5 cm vs. ≥ 5 cm						    
Liver cirrhosis	 1.558	 0.475-2.021	 0.188	 -	 -	 -
 Negative vs. Positive						    
Tumor number	 2.331	 0.713-3.893	 0.217	 -	 -	 -
 Solitary vs. Multiple						    
AFP (ng/ml)	 2.133	 0.783-2.566	 0.133	 -	 -	 -
 < 20 vs. > 20						    
Hepatitis B	 1.893	 0.781-2.893	 0.211	 -	 -	 -
 Positive vs. Negative						    
Histologic grade	 2.983	 1.144-4.477	 0.006	 2.231	 1.022-3.893	 0.009
 Low vs. High						    
TNM stage	 3.314	 1.778-6.134	 0.002	 2.893	 1.514-5.133	 0.006
 I-II vs. III-IV						        
miR-342-3p expression	 2.663	 1.547-5.574	 0.001	 2.231	 1.234-4.893	 0.002
 High vs. Low						    
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stic methods for HCC14,15. Increasing data reve-
aled that miRNAs may be promising prognostic 
biomarkers for HCC because of their stability in 
patients tissues16,17. In the present study, our at-
tention focused on miR-342-3p.

The effects of miR-342-3p have been examined 
in multiple animal models, human cancers, and 
cell culture systems18. Li et al19 showed that miR-
342-3p expression was down-regulated in cervical 
cancer, and overexpression of miR-342-3p sup-
presses proliferation, migration, and invasion by 
targeting FOXM1 in human cervical cancer. Xie 
et al20 found that miR-342-3p served as a tumor 
suppressor in lung cancer. They further identified 
that the tumor suppressor role of miR-342-3p is 
mediated through downregulation of RAP2B. On 
the contrary, another study by Tao et al21 indica-
ted that the high levels of miR-342-3p were si-
gnificantly associated with worse survival time. 
Those data suggested that miRNAs act as onco-
genes and/or tumor suppressor genes according to 
different types of tumors. Recently, Zhao et al12 

found that there was a negative correlation betwe-
en miR-342-3p expression and the proliferation 
potential in HCC cells. In in vivo experiments, 
they showed that overexpression of miR-342-3p 
could suppress HCC cell proliferation via regula-
ting NF-kB pathway. The above results indicated 
that miR-342-3p may play an important role in 
the progression of HCC. Therefore, we suggested 
that miR-342-3p may influence the poor progno-
sis and progression in HCC.

In the present work, we explored the expression 
levels of miR-342-3p in HCC patients. The results 
of PCR showed that the expression levels of miR-
342-3p in human HCC tissues were significantly 
decreased than in the paired normal tissues. The 
results were consistent with a previous report12. 
Then, we found that miR-342-3p expression 
was correlated with histologic grade and tumor 
TNM stage. More importantly, we performed the 
Kaplan-Meier method and found that patients in 
the high miR-342-3p expression group had better 
overall survival than those in the low miR-342-3p 
expression group. Furthermore, multivariate Cox 
analysis showed that miR-342-3p could serve as 
an independent prognostic biomarker. Therefore, 
miR-342-3p may be a candidate biomarker for 
predicting clinical outcomes in HCC patients.

Conclusions

This paper is the first study exploring the pro-
gnostic value of miR-342-3p in HCC. miR-342-
3p levels could be used as an important prognostic 
marker of clinical outcome in HCC patients.

Conflict of interest
The authors declare no conflicts of interest.

References

  1)	 Kiyosawa K, Umemura T, Ichijo T, Matsumoto A, Yoshi-
zawa K, Gad A, Tanaka E. Hepatocellular carcinoma: 
recent trends in Japan. Gastroenterology 2004; 
127: S17-26.

  2)	 Ursino S, Greco C, Cartei F, Colosimo C, Stefanelli 
A, Cacopardo B, Berretta M, Fiorica F. Radiotherapy 
and hepatocellular carcinoma: update and review 
of the literature. Eur Rev Med Pharmacol Sci 
2012; 16: 1599-1604.

  3)	 Fang M, Zhao YP, Zhou FG, Lu LG, Qi P, Wang H, 
Zhou K, Sun SH, Chen CY, Gao CF. N-glycan based 
models improve diagnostic efficacies in hepatitis B 
virus-related hepatocellular carcinoma. Int J Can-
cer 2010; 127: 148-159.

  4)	 Mazzola A, Costantino A, Petta S, Bartolotta TV, Rai-
neri M, Sacco R, Brancatelli G, Cammà C, Cabibbo G. 
Recurrence of hepatocellular carcinoma after liver 
transplantation: an update. Future Oncol 2015; 11: 
2923-2936.

  5)	 Bartel DP. MicroRNAs: target recognition and re-
gulatory functions. Cell 2009; 136: 215-233.

  6)	 Mutlu S, Mutlu H, Kirkbes S, Eroglu S, Kabukcuoglu 
YS, Kabukcuoglu F, Duymus TM, ISık M, Ulasli M. The 
expression of miR-181a-5p and miR-371b-5p in 

Figure 2. Kaplan-Meier postoperative survival curve for 
patterns of patients with HCC and miR-342-3p expression.



Y. Gao, S.-G. Zhang, Z.-H. Wang, J.-C. Liao

2102

chondrosarcoma. Eur Rev Med Pharmacol Sci 
2015; 19: 2384-2388.

  7)	 Lewis BP, Shih IH, Jones-Rhoades MW, Bartel DP, 
Burge CB. Prediction of mammalian microRNA tar-
gets. Cell 2003; 115: 787-798.

  8)	 Szabo G, Bala S. MicroRNAs in liver disease. Nat 
Rev Gastroenterol Hepatol 2013; 10: 542-552.

  9)	 Kasinski AL, Slack FJ. Epigenetics and genetics. Mi-
croRNAs en route to the clinic: progress in valida-
ting and targeting microRNAs for cancer therapy. 
Nat Rev Cancer 2011; 11: 849-864

10)	 Dou C, Liu Z, Xu M, Jia Y, Wang Y, Li Q, Yang W, 
Zheng X, Tu K, Liu Q. miR-187-3p inhibits the me-
tastasis and epithelial-mesenchymal transition of 
hepatocellular carcinoma by targeting S100A4. 
Cancer Lett 2016; 381: 380-390.

11)	 Li ZB, Li ZZ, Li L, Chu HT, Jia M. MiR-21 and miR-
183 can simultaneously target SOCS6 and modu-
late growth and invasion of hepatocellular carci-
noma (HCC) cells. Eur Rev Med Pharmacol Sci 
2015; 19: 3208-3217.

12)	 Zhao L, Zhang Y. miR-342-3p affects hepatocellular 
carcinoma cell proliferation via regulating NF-κB 
pathway. Biochem Biophys Res Commun 2015; 
457: 370-377.

13)	 Parkin DM, Bray F, Ferlay J, Pisani P. Global cancer 
statistics, 2002. CA Cancer J Clin 2005; 55: 74-108.

14)	 El-Serag HB, Rudolph KL. Hepatocellular carcino-
ma: epidemiology and molecular carcinogenesis. 
Gastroenterology 2007; 132: 2557-2576.

15)	 Amr S, Iarocci EA, Nasr GR, Saleh D, Blancato J, Shet-
ty K, Loffredo CA. Multiple pregnancies, hepatitis 
C, and risk for hepatocellular carcinoma in Egyp-
tian women. BMC Cancer 2014; 14: 893.

16)	 Wang YL, Chen CM, Wang XM, Wang L. Effects of 
miR-339-5p on invasion and prognosis of hepato-
cellular carcinoma. Clin Res Hepatol Gastroente-
rol 2016; 40: 51-56.

17)	 Shi YH, Qi BB, Liu XB, Ding HM. Upregulation of 
miR-522 is associated with poor outcome of hepa-
tocellular carcinoma. Eur Rev Med Pharmacol Sci 
2016; 20: 3194-3198.

18)	 Jayawardana K, Schramm SJ, Tembe V, Mueller S, 
Thompson JF, Scolyer RA, Mann GJ, Yang J. Identi-
fication, review, and systematic cross-validation 
of microRNA prognostic signatures in metastatic 
melanoma. J Invest Dermatol 2016; 136: 245-
254.

19)	 Li XR, Chu HJ, Lv T, Wang L, Kong SF, Dai SZ. miR-
342-3p suppresses proliferation, migration and 
invasion by targeting FOXM1 in human cervical 
cancer. FEBS Lett. 2014; 588: 3298-3307.

20)	 Xie X, Liu H, Wang M, Ding F, Xiao H, Hu F, Hu R, 
Mei J. miR-342-3p targets RAP2B to suppress 
proliferation and invasion of non-small cell lung 
cancer cells. Tumour Biol 2015; 36: 5031-5038.

21)	 Tao K, Yang J, Guo Z, Hu Y, Sheng H, Gao H, Yu 
H. Prognostic value of miR-221-3p, miR-342-3p 
and miR-491-5p expression in colon cancer. Am J 
Transl Res 2014; 6: 391-401.


