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Abstract. – OBJECTIVE: To uncover the prog-
nostic potentials of long non-coding RNA (ln-
cRNA) UCA1 and miR-18a in hepatocellular can-
cer (HCC). 

PATIENTS AND METHODS: Expression lev-
els of UCA1 and microRNA-18a (miR-18a) in HCC 
tissues and adjacent normal ones harvested 
from 55 HCC patients were determined by quan-
titative Real Time-Polymerase Chain Reaction 
(qRT-PCR). Clinical data of HCC patients were 
recorded, including pathological grading, tumor 
staging, intrahepatic metastasis, serum level of 
α-fetoprotein (AFP), tumor size, tumor number, 
recurrence, etc. Based on the median levels of 
UCA1 and miR-18a, enrolled HCC patients were 
classified into high-level and low-level group. 
Potential correlation between expression levels 
of UCA1 and miR-18a with survival of HCC pa-
tients was analyzed. The 4-year follow-up data 
of HCC patients were collected for analyzing 
factors that may influence prognosis in HCC 
patients by the Cox regression model.  

RESULTS: UCA1 was upregulated and miR-18a 
was downregulated in HCC tissues. HCC patients 
with stage III-IV, tumor size ≥5 cm or multiple 
tumors expressed high level of UCA1. Besides, 
HCC patients with stage I-II, non-intrahepatic me-
tastasis or primarily diagnosed expressed a rel-
atively low level of miR-18a. High-level UCA1 and 
low-level miR-18a predicted worse prognosis in 
HCC patients. Cox regression analysis revealed 
that tumor node metastasis (TNM) staging, intra-
hepatic metastases, postoperative recurrences, 
and UCA1 were risk factors for HCC, while miR-
18a was the protective factor.  

CONCLUSIONS: LncRNA UCA1 is upregulat-
ed and miR-18a is downregulated in HCC tis-
sues. High-level UCA1 and low-level miR-18a are 
closely linked to poor prognosis in HCC. 
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Introduction 

Globally, hepatocellular cancer (HCC) is a 
highly prevalent malignancy that threats human 
health and lives1. Diagnosis and intervention as 
early as possible remarkably prolong the surviv-
al of HCC patients. Nevertheless, the detective 
rate of HCC in the early stage is relatively low2. 
With the advances achieved in medical technolo-
gies, therapeutic approaches for HCC have made 
great strides. Currently, surgical procedures, liv-
er transplantation, and percutaneous intrahepatic 
treatment are major approaches for primary HCC 
treatment. Hepatectomy, however, is still the pre-
ferred therapy for HCC throughout the world even 
though its indications are limited3,4. High rates of 
postoperative recurrence and mortality seriously 
restrict the clinical outcomes of HCC patients5. 
It is necessary to uncover potential mechanisms 
underlying the recurrent and metastatic HCC. 
Meanwhile, effective tumor markers for HCC are 
urgently required. 

Long non-coding RNAs (lncRNAs) partici-
pate in the occurrence and progression of human 
diseases as transcription regulators6,7. LncRNA 
UCA1 is a tumor-related RNA, serving as a 
proto-oncogene in many types of malignancies. 
UCA1 exerts a certain potential for tumor diag-
nosis and treatment by mediating tumor cell be-
haviors8. Relevant studies9,10 have demonstrated 
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the critical functions of UCA1 in tumorigenesis, 
tumor progression, and prognosis. 

MicroRNAs (miRNAs) degrade or inhibit 
translation of target mRNAs by binding 3ʹ-un-
translated region (3ʹ-UTR) of mRNAs. MiR-18a 
is one of the six mature miRNAs produced by the 
miR-17-92 cluster11. Unlike other members in the 
miR-17-92 family, miR-18a is able to arrest cell 
cycle progression in G1 phase and inhibits pro-
liferation in pancreatic cancer stem cells12. Zheng 
et al13 pointed out that overexpression of miR-18a 
markedly suppresses in vitro proliferation and tu-
mor growth of gastric cancer. MiR-18a is closely 
linked to drug-resistance in HCC14. 

LncRNA-miRNA interaction is able to influence 
the occurrence and progression of tumor diseases15. 
It is reported that lncRNA UCA1 exerts an anti-de-
sensitizing effect on trastuzumab in breast cancer 
cells by downregulating miR-18a level16. This work 
mainly explored the correlation between UCA1 and 
miR-18a levels with the prognosis of HCC patients. 

Patients and Methods 

Baseline Characteristics of HCC Patients
A total of 55 HCC patients undergoing surgery 

or tumor biopsy in The Fifth Affiliated Hospital 
of Guangxi Medical University from April 2014 
to April 2016, all were enrolled, including 31 male 
and 24 female HCC patients with 39-69 years 
(50.7±7. 31 years). Their clinical data was com-
pletely recorded. None of them received preopera-
tive chemotherapy, radiotherapy, and immunother-
apy. They were postoperatively diagnosed as HCC. 
Paracancerous tissues were harvested 5 cm away 
from the border of HCC tissues and pathologically 
diagnosed as normal liver tissues. Tissue samples 
were immediately placed in liquid nitrogen during 
the surgery and preserved at –80°C. According to 
the Edmondson grading, 20 cases were stage I-II 
and 35 were stage III-IV. Based on tumor node me-
tastasis (TNM) staging, 14 cases were stage I-II, 
and 41 were stage III-IV. There were 14 cases of 
primary HCC and 41 of recurrent cases. Patients 
and their families in this study have been fully in-
formed. This investigation was approved by the 
Ethics Committee of The Fifth Affiliated Hospital 
of Guangxi Medical University.

Quantitative Real Time-Polymerase Chain 
Reaction (qRT-PCR)

Total RNA and small RNA were extracted 
using the TRIzol method and Star Spin Small-
RNA Kit (Invitrogen, Carlsbad, CA, USA), re-

spectively. They were reversely transcribed into 
complementary deoxyribose nucleic acid (cDNA) 
using the LnRcute LncRNAs cDNA kit and miR-
NA First Strand cDNA, respectively. SYBR Green 
method (TaKaRa, Otsu, Shiga, Japan) was applied 
for determining relative levels of UCA1 [glycer-
aldehyde 3-phosphate dehydrogenase (GAPDH) 
as the internal reference] and miR-18a (U6 as the 
internal reference). Primer sequences were listed 
as follows: UCA1, forward: 5′-CTCTCCATTG-
GGTTCACCATTC-3′, reverse: 5′-GCGGCAG-
GTCTTAAGAGATGAG-3′; MiR-18a, forward: 
5′-GATAGCAGCACAGAAATATTGGC-3′, re-
verse: 5′-GTGCAGGGTCCGAGG-3′; GAPDH, 
forward: 5′-TGAAGGTCGGAGTCAACGG-3′, 
reverse: 5′-CCTGGAAGATGGTGATGCG-3′; 
U6, forward: 5′-GATTAGAACCGTCGGTAAC-
GGAA-3′, reverse: 5′-AGCGATCTCGTTGG-
CCTTTCTACC-3′. 

Postoperative Follow-Up
From April 2014 to April 2016, all enrolled 

HCC patients were postoperatively followed up 
by telephone or visit once every three months in 
the first year, and every six months since after. 
Survival statues, including the cause of death and 
the date of death were recorded. All patients were 
successfully followed up. During the period of 
follow-up, the deaths were counted by censored 
data, and the survivors were followed up for 4 
years.

Statistical Analysis
Statistical Product and Service Solutions (SPSS) 

22.0 (IBM, Armonk, NY, USA) was used for data 
analysis. Measurement data were expressed as mean 
± standard deviation (x̅±SD) and analyzed by the in-
dependent t-test. Counting data were analyzed by the 
χ2-test. Pearson correlation analysis was conducted 
to compare the relationship between the two genes. 
Kaplan-Meier method was introduced for survival 
analysis, followed by Log-rank test for comparing 
differences between two curves. To validate factors 
influencing survival in HCC, multivariate Cox re-
gression was conducted. p<0.05 considered the dif-
ference was statistically significant.

Results

UCA1 Was Upregulated and MiR-18a 
Was Downregulated in HCC Tissues

Expression levels of UCA1 and miR-18a in 55 
matched HCC and paracancerous tissues were de-
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termined. Compared with adjacent normal tissues, 
UCA1 was upregulated (Figure 1A) and miR-18a 
was downregulated (Figure 1B) in HCC tissues. 

Correlation Between Expression 
Levels of UCA1 and MiR-18a in HCC

Pearson correlation analysis uncovered a neg-
ative correlation between expression levels of 
UCA1 and miR-18a in HCC tissues (r=-0.823, 
p<0.001, Figure 2). 

Correlation Between UCA1 
and MiR-18a with Clinical Data 
of HCC Patients

Based on the median level of UCA1 (7.75±1.89) 
in 55 HCC patients, they were classified into 
high-level (n=36) and low-level (n=19) group. As 
the data revealed, the ratios of HCC patients with 
stage III-IV, tumor size ≥5 cm or multiple tumors 
were markedly higher in high-level group relative 
to those in low-level group (Table I). Similarly, 
HCC patients were classified into high-level (n=26) 
and low-level (n=29) group according to the medi-
an level of miR-18a (0.13±0.075). The ratios of HCC 
patients with stage I-II, non-intrahepatic metastasis 
or primarily diagnosed were higher in high-level 
group than those in low-level group (Table I). 

Regulatory Effects of UCA1 and 
MiR-18a on Survival of HCC Patients

We conducted 4-year follow-up for HCC 
patients postoperatively. By depicting surviv-
al curves, it is shown that overall survival was 
shorter in HCC patients expressing high-level 
UCA1 (HR=5.758, p=0.0164, Figure 3A). Con-
versely, overall survival was better in HCC pa-
tients expressing high-level miR-18a (HR=8.051, 
p=0.0045, Figure 3B). The above data demon-
strated that UCA1 was unfavorable and miR-18a 
was favorable to the prognosis in HCC patients.

Factors Influencing Survival in HCC
To further validate factors influencing survival 

in HCC, the multivariate Cox regression was con-
ducted. The results showed that the mortality risk 
of TNM stage III-IV was 2.474 times that of stage 
I-II; mortality risk of intrahepatic metastasis was 
1.673 times that of non-metastasis; mortality risk 
of recurrent HCC was 2.671 times that of prima-
ry HCC; mortality risk of high-level UCA1 was 
3.711 times that of low-level UCA1; and mortality 
risk of high-level miR-18a was 0.525 times that of 
low-level miR-18a (Table II). It is suggested that 
TNM staging, intrahepatic metastases, postoper-
ative recurrences, and UCA1 were risk factors for 
HCC, while miR-18a was the protective factor. 

Discussion 

In recent years, early diagnosis and therapeu-
tic technologies for HCC have been advanced, 
including molecular target therapy, gene therapy, 
and immunotherapy17. Nevertheless, the overall 
survival of HCC is relatively low even though 

Figure 1. UCA1 was up-
regulated and miR-18a was 
downregulated in HCC tis-
sues. A-B, UCA1 (A) and 
miR-18a (B) levels in HCC 
tissues and paracancerous 
tissues. 

A B

Figure 2. A negative correlation between expression levels 
of UCA1 and miR-18a in HCC tissues (r=-0.823, p<0.001). 
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anti-tumor treatments for HCC are improved18,19. 
It is necessary to uncover effective and sensitive 
hallmarks for diagnosis and prognosis of HCC.

LncRNA UCA1 was initially discovered in blad-
der transitional cell carcinoma20. UCA1 is found to 

be upregulated in many types of tumor diseases, 
and its level is related to tumor severity and prog-
nosis21. Hu et al22 analyzed lncRNA microarray and 
pointed out that UCA1 is highly expressed in HCC 
tissues relative to paracancerous ones. Consistently, 

Table I. Correlation between UCA1 and miR-18a with clinical data of HCC patients.

AFP=α-fetoprotein

Variable		                      UCA1 			                     MiR-18a 	
	 n			   p			   p
		  High level 	 Low level		  High level	 Low level
		  (n=36)	 (n=19)		  (n=26)	 (n=29)	

Sex							     
    Male	 31	 20	 11	 0.868	 17	 14	 0.201
    Female	 24	 16	 8		  9	 15	
Age							     
    <55	 26	 16	 10	 0.562	 10	 13	 0.633
    ≥55	 29	 20	 9		  16	 16	
Edmondson grade							     
    I-II	 20	 10	 10	 0.068	 12	 8	 0.153
    III-IV	 35	 26	 9		  14	 21	
TNM stage							     
    I-II	 14	 3	 11	 <0.001	 18	 8	 0.002
    III-IV	 41	 33	 8		  8	 21	
Intrahepatic transfer							     
    Yes	 26	 16	 10	 0.563 	 8	 18	 0.020 
    No	 29	 20	 9		  18	 11	
AFP							     
    <20 ng/mL	 28	 12	 6	 0.895	 13	 15	 0.898
    ≥20 ng/mL	 27	 24	 13		  13	 14	
Tumor size							     
    <5 cm	 23	 11	 12	 0.020 	 12	 8	 0.153
    ≥5 cm	 32	 25	 7		  14	 21	
Number of tumors							     
    Single	 24	 10	 14	 0.001	 14	 10	 0.148
    Multiple	 31	 26	 5		  12	 19	
Postoperative recurrence							     
    Yes	 41	 32	 9	 0.001	 3	 11	 0.025
    No	 14	 4	 10		  23	 18	

Figure 3. Regulato-
ry effects of UCA1 and 
miR-18a on survival of 
HCC patients. A-B, Ka-
plan-Meier curves in HCC 
patients expressing high 
or low levels of UCA1 (A) 
or miR-18a (B). 

A B
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our findings uncovered the upregulated UCA1 in 
HCC tissues. Furthermore, UCA1 level was closely 
linked to TNM staging, tumor size, tumor number, 
and postoperative recurrence in HCC patients. 

Some studies23,24 have uncovered a novel ln-
cRNA-miRNA-mRNA regulatory loop in tumor 
diseases. In HCC, UCA1 accelerates tumor cell inva-
sion and metastasis by sponging miR-216b. The reg-
ulatory loop UCA1/miR-203/Snail2 stimulates EMT 
and inhibits proliferation and growth of metastases 
in HCC25. In this paper, we found that miR-18a was 
downregulated in HCC tissues, and its level was neg-
atively correlated to UCA1. In addition, miR-18a was 
also related with TNM staging, intrahepatic metas-
tasis, and postoperative recurrence in HCC patients. 
Through survival analysis and Cox regression anal-
ysis, prognostic potentials of UCA1 and miR-18a in 
HCC have been identified. Hence, UCA1 and miR-
18a may be utilized as tumor hallmarks for diagnosis, 
treatment, and prognosis of HCC. 

Conclusions

We detected that LncRNA UCA1 is upregu-
lated and miR-18a is downregulated in HCC tis-
sues. High-level UCA1 and low-level miR-18a are 
closely linked to poor prognosis in HCC.

Funding Acknowledgements
This research was supported by the Scientific Research 
and Technology Development Plan of Nanning (20193100, 
Z20191065, Z20190446) and Foundation of The First Peo-
ple's Hospital of Nanning (N2019).

 
Conflict of Interests
The authors declare that they have no conflict of interests.

  References

    1)	Siegel RL, Miller KD, Jemal A. Cancer Statistics, 
2017. CA Cancer J Clin 2017; 67: 7-30.

    2)	Pan LC, Xiao HY, Yin WJ, Lin Z. Correlation be-
tween HSD17B4 expression in rat liver cancer 
tissues and inflammation or proliferation. Eur Rev 
Med Pharmacol Sci 2018; 22: 3386-3393. 

    3)	Zhou P, Cheng Y, Liu F, Wu K, Qiu W, Wang S. 
Tanshindiol-C suppresses in vitro and in vivo he-
patocellular cancer cell growth by inducing mito-
chondrial-mediated apoptosis, cell cycle arrest, 
inhibition of angiogenesis and modulation of key 
tumor-suppressive miRNAs. J BUON 2019; 24: 
622-627. 

    4)	Lee S, Kang TW, Cha DI, Song KD, Lee MW, Rhim H, 
Lim HK, Sinn DH, Kim JM, Kim K. Radiofrequency 
ablation vs. surgery for perivascular hepatocel-
lular carcinoma: propensity score analyses of 
long-term outcomes. J Hepatol 2018; 69: 70-78.

    5)	Bell R, Pandanaboyana S, Lodge J, Prasad KR, Jones 
R, Hidalgo E. Primary liver resection for patients 
with cirrhosis and hepatocellular carcinoma: the 
role of surgery in BCLC early (A) and intermediate 
stages (B). Langenbecks Arch Surg 2017; 402: 
575-583.

    6)	Xu CG, Yang MF, Ren YQ, Wu CH, Wang LQ. Exo-
somes mediated transfer of lncRNA UCA1 results 
in increased tamoxifen resistance in breast can-
cer cells. Eur Rev Med Pharmacol Sci 2016; 20: 
4362-4368.

    7)	Jiao C, Song Z, Chen J, Zhong J, Cai W, Tian S, 
Chen S, Yi Y, Xiao Y. LncRNA-UCA1 enhances cell 
proliferation through functioning as a ceRNA of 
Sox4 in esophageal cancer. Oncol Rep 2016; 36: 
2960-2966.

    8)	Xue M, Chen W, Li X. Urothelial cancer associat-
ed 1: a long noncoding RNA with a crucial role 
in cancer. J Cancer Res Clin Oncol 2016; 142: 
1407-1419.

    9)	Fang Q, Chen X, Zhi X. Long Non-Coding RNA 
(LncRNA) Urothelial Carcinoma Associated 1 
(UCA1) increases multi-drug resistance of gas-
tric cancer via downregulating miR-27b. Med Sci 
Monit 2016; 22: 3506-3513.

Table II. Cox regression analysis on factors influencing survival in HCC.

TNM staging compared with those in stage I-II; Intrahepatic metastases compared with those non-metastases; Postoperative 
recurrence compared with those with primary HCC; UCA1 compared with those in low-level group; MiR-18a compared with 
those in low-level group. HR=hazard ratios, CI=confidence interval.

Variable	 HR (95%CI)	 p

TNM staging	 2.474 (1.309-3.946)	 0.028
Intrahepatic metastases	 1.673 (1.128-3.263)	 0.032
Postoperative recurrence	 2.671 (1.784-4.183)	 0.008
UCA1 	 3.711 (1.523-5.178)	 <0.001
miR-18a	 0.525 (0.297-0.931)	 0.035



LncRNA UCA1 and miR-18a in HCC

3591

  10)	Wang F, Yang H, Deng Z, Su Y, Fang Q, Yin Z. HOX 
Antisense lincRNA HOXA-AS2 promotes tumori-
genesis of hepatocellular carcinoma. Cell Physiol 
Biochem 2016; 40: 287-296.

  11)	Mendell JT. MiRiad roles for the miR-17-92 cluster 
in development and disease. Cell 2008; 133: 217-
222.

  12)	Li X, Zhang Z, Li Y, Zhao Y, Zhai W, Yang L, Kong 
D, Wu C, Chen Z, Teng CB. MiR-18a counteracts 
AKT and ERK activation to inhibit the proliferation 
of pancreatic progenitor cells. Sci Rep 2017; 7: 
45002.

  13)	Zheng Y, Li S, Ding Y, Wang Q, Luo H, Shi Q, Hao 
Z, Xiao G, Tong S. The role of miR-18a in gastric 
cancer angiogenesis. Hepatogastroenterology 
2013; 60: 1809-1813.

  14)	Awan FM, Naz A, Obaid A, Ikram A, Ali A, Ahmad 
J, Naveed AK, Janjua HA. MicroRNA pharmacog-
enomics based integrated model of miR-17-92 
cluster in sorafenib resistant HCC cells reveals 
a strategy to forestall drug resistance. Sci Rep 
2017; 7: 11448.

  15)	Li XN, Liu AH, Tang X, Ren Y. [Urothelial carcino-
ma-associated 1 enhances tamoxifen resistance 
in breast cancer cells through competitively in-
hibiting miR-18a]. Beijing Da Xue Xue Bao Yi Xue 
Ban 2017; 49: 295-302.

  16)	Zhu HY, Bai WD, Ye XM, Yang AG, Jia LT. Long 
non-coding RNA UCA1 desensitizes breast 
cancer cells to trastuzumab by impeding miR-
18a repression of Yes-associated protein 1. 
Biochem Biophys Res Commun 2018; 496: 
1308-1313.

  17)	Cheung TT, Han HS, She WH, Chen KH, Chow P, 
Yoong BK, Lee KF, Kubo S, Tang CN, Wakabayashi G. 
The Asia Pacific Consensus Statement on lapa-
roscopic liver resection for hepatocellular carci-
noma: a report from the 7th Asia-Pacific primary 
liver cancer expert meeting held in Hong Kong. 
Liver Cancer 2018; 7: 28-39.

  18)	Gebski V, Gibbs E, Gandhi M, Chatellier G, Dinut 
A, Pereira H, Chow PK, Vilgrain V. VESPRO: An 
individual patient data prospective meta-analy-
sis of selective internal radiation therapy versus 
sorafenib for advanced, locally advanced, or recur-
rent hepatocellular carcinoma of the SARAH and 
SIRveNIB Trials. JMIR Res Protoc 2017; 6: e17.

  19)	Ye JZ, Wang YY, Bai T, Chen J, Xiang BD, Wu FX, 
Li LQ. Surgical resection for hepatocellular car-
cinoma with portal vein tumor thrombus in the 
Asia-Pacific region beyond the Barcelona clinic 
liver cancer treatment algorithms: a review and 
update. Oncotarget 2017; 8: 93258-93278.

  20)	Li F, Hu CP. Long non-coding RNA urothelial car-
cinoma associated 1 (UCA1): insight into its role 
in human diseases. Crit Rev Eukaryot Gene Expr 
2015; 25: 191-197.

  21)	Hatanpaa KJ, Hu T, Vemireddy V, Foong C, Raisanen 
JM, Oliver D, Hiemenz MC, Burns DK, White CR, 
Whitworth LA, Mickey B, Stegner M, Habib AA, Fink 
K, Maher EA, Bachoo RM. High expression of the 
stem cell marker nestin is an adverse prognostic 
factor in WHO grade II-III astrocytomas and oli-
goastrocytomas. J Neurooncol 2014; 117: 183-189.

  22)	Hu JJ, Song W, Zhang SD, Shen XH, Qiu XM, 
Wu HZ, Gong PH, Lu S, Zhao ZJ, He ML, Fan H. 
HBx-upregulated lncRNA UCA1 promotes cell 
growth and tumorigenesis by recruiting EZH2 
and repressing p27Kip1/CDK2 signaling. Sci Rep 
2016; 6: 23521.

  23)	Ahmad I, Iwata T, Leung HY. Mechanisms of FG-
FR-mediated carcinogenesis. Biochim Biophys 
Acta 2012; 1823: 850-860.

  24)	Klingenberg M, Matsuda A, Diederichs S, Patel T. 
Non-coding RNA in hepatocellular carcinoma: 
mechanisms, biomarkers and therapeutic targets. 
J Hepatol 2017; 67: 603-618.

  25)	Chen S, Zhu J, Wang F, Guan Z, Ge Y, Yang X, Cai 
J. LncRNAs and their role in cancer stem cells. 
Oncotarget 2017; 8: 110685-110692.


