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Abstract 

Long non-coding RNAs (lncRNAs) have previously been implicated in human disease states, es-
pecially cancer. Although the aberrant expression of lncRNAs has been observed in cancer, the 
biological functions and molecular mechanisms underlying aberrantly expressed lncRNAs in 
hepatocellular carcinoma (HCC) have not been widely established. In the present study, we in-
vestigated a novel lncRNA, termed URHC (up-regulated in hepatocellular carcinoma), and eval-
uated its role in the progression of HCC. Expression profiling using a lncRNA microarray revealed 
that URHC was highly expressed in 3 HCC cell lines compared to normal hepatocytes. Quanti-
tative real-time polymerase chain reaction (qRT-PCR) analyses confirmed that URHC expression 
was increased in hepatoma cells and HCC tissues. Moreover, using qRT-PCR, we confirmed that 
URHC expression was up-regulated in 30 HCC cases (57.7%) and that its higher expression was 
correlated with poor overall survival. We further demonstrated that URHC inhibition reduced 
cell proliferation and promoted apoptosis. We hypothesize that URHC may function by regulating 
the sterile alpha motif and leucine zipper containing kinase AZK (ZAK) gene, which is located near 
URHC on the same chromosome. We found that ZAK mRNA levels were down-regulated in 
HCC tissues and the expression levels of ZAK were negatively correlated with those of URHC in 
the above HCC tissues. Next, we confirmed that URHC down-regulated ZAK, which is involved in 
URHC-mediated cell proliferation and apoptosis. Furthermore, ERK/MAPK pathway inactivation 
partially accounted for URHC-ZAK-induced cell growth and apoptosis. Thus, we concluded that 
high URHC expression can promote cell proliferation and inhibit apoptosis by repressing ZAK 
expression through inactivation of the ERK/MAPK pathway. These findings may provide a novel 
mechanism and therapeutic targets for the treatment of HCC. 

Key words: Long non-coding RNA; URHC; HCC; ZAK; proliferation; apoptosis. 

Introduction 
Hepatocellular carcinoma (HCC) is the most 

commonly occurring primary malignancy of the liver 
in adults. HCC is currently the fifth most frequently 

diagnosed tumor and the third leading cause of can-
cer-related deaths, with an estimated 748,300 new 
liver cancer cases and 695,900 HCC-related deaths 
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worldwide in 2008 [1, 2]. The majority of these cases 
and deaths occur in developing countries, including 
China [3, 4]. Despite the therapeutic advances that 
have been made in HCC, such as surgical resection, 
liver transplantation, and adjuvant therapy, the over-
all 5-year survival rate of HCC patients has not sig-
nificantly improved [3]. Earlier studies have indicated 
that hepatocarcinogenesis is a complex, multistep 
process characterized by a large number of abnormal 
molecules, and several HCC-related molecular sig-
naling pathways have been identified [2, 5-9]. How-
ever, the precise molecular mechanisms underlying 
liver carcinogenesis remain poorly understood. 
Therefore, it is of paramount importance to identify 
novel biomarkers and effective therapeutic targets for 
HCC. 

In recent years, genome-wide transcriptional 
studies have indicated that only approximately 1% of 
the human genome produces biologically meaningful 
RNA transcripts, whereas a much larger proportion of 
the genome is transcribed into non-coding RNAs 
(ncRNAs) [10, 11]. Compared with the diversity of 
RNA transcripts that encode for proteins, functions 
have only been demonstrated for a small number of 
ncRNAs. Long non-coding RNAs (lncRNAs), which 
are currently defined as transcripts greater than 200 
nucleotides in length without obvious protein coding 
functions, have been identified as a new class of func-
tional ncRNAs [12, 13]. In many cases, lncRNAs act as 
key molecules regulating gene expression, chromatin 
remodeling, transcription, and post-transcriptional 
processing [14-17]. In addition, increasing numbers of 
reports have demonstrated that lncRNAs regulate 
multiple biological processes, including cell growth, 
cell cycle progression, differentiation, and apoptosis 
[18-21]. Furthermore, a large and growing body of 
literature has indicated the involvement of lncRNAs 
in a variety of diseases, especially cancer [10, 22-24]. 
Those lncRNAs that have been associated with can-
cers are often aberrantly expressed and play func-
tional roles in carcinogenesis, tumor growth, metas-
tasis, and recurrence [16, 23]. Recent studies have 
demonstrated that dysregulation of several lncRNAs 
is related to human cancers, such as PCGEM 1 (a 
prostate tissue-specific, androgen-regulated gene), 
MALAT-1 (metastasis-associated lung adenocarci-
noma transcript 1), and HULC (highly up-regulated 
in liver cancer) [25-27]. Although altered expression of 
several lncRNAs has been described in some cancers, 
the specific role of aberrantly expressed lncRNAs in 
HCC remains largely unknown.  

 The aim of the present study was to understand 
the involvement of lncRNAs in HCC and to investi-
gate differentially expressed lncRNAs in HCC, 
thereby characterizing their potential roles in tumor 

growth. Our results indicated that a novel lncRNA, 
termed URHC (up-regulated in hepatocellular carci-
noma), was identified to be one of the most frequently 
up-regulated lncRNAs in malignant hepatocytes. We 
found that URHC levels were significantly increased 
in HCC tissues, suggesting that increases in the ex-
pression levels may play significant roles in HCC 
carcinogenesis. Moreover, we demonstrated that 
down-regulation of URHC expression inhibited he-
patoma cell proliferation and induced apoptosis in 
vitro. Our results indicated that ZAK was a functional 
target of URHC and that URHC regulated cell prolif-
eration and apoptosis via down-regulating ZAK. 
Furthermore, we found that inactivation of the 
ERK/MAPK pathway functioned as the downstream 
of URHC-ZAK axis. Thus, these results may provide 
us new insight into the role of lncRNAs in the devel-
opment of HCC and indicate the potential application 
of URHC in the treatment of HCC. 

Materials and Methods 
Cell lines and samples 

The HepG2, SMMC7721 and Huh7 human HCC 
cell lines and the HL-7702 human immortalized nor-
mal hepatocyte cells were maintained in our lab. All 
of the cell lines were cultured in Dulbecco's modified 
Eagle's medium (DMEM, Gibco, Gaithersburg, MD, 
USA) containing 10% fetal bovine serum (FBS, Gibco) 
and incubated at 37℃ in a humidified environment 
containing 5% CO2. Samples of HCC tissues and cor-
responding benign liver tissues (3 cm away from the 
tumor) were collected from patients who had under-
gone curative surgery for HCC at Xijing Hospital, 
which is affiliated with the Fourth Military Medical 
University, between 2005 and 2007. The tissue sam-
ples were snap-frozen with liquid nitrogen after sur-
gery and stored at -80℃ prior to RNA extraction. All 
HCC and normal liver tissue samples were patholog-
ically confirmed. Written informed consent for the 
biological studies was obtained from each patient 
involved in the study, and the study was approved by 
the Ethics Committee of Xijing Hospital. 

RNA extraction 
Total RNA was extracted from the cells or tissue 

samples using TRIzol (Life Technologies, Carlsbad, 
CA, USA) reagent according to the manufacturer’s 
recommended instructions. RNA purity and integrity 
were analyzed using an Agilent Bioanalyzer 2100 
(Agilent Technologies, Santa Clara, CA, USA). Quan-
tified total RNA was further purified using an RNeasy 
Mini Kit (QIAGEN, GmBH, Germany) and an 
RNase-free DNase set (QIAGEN). 
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LncRNA microarray analysis 
A lncRNA microarray assay was performed by 

Biotechnology corporation (Shanghai, China). Briefly, 
total RNA was amplified and transcribed into fluo-
rescent cRNA using a Low Input Quick Amp Labeling 
Kit, One-Color (Agilent Technologies). The labeled 
cRNA was purified using an RNeasy Mini Kit 
(QIAGEN) and hybridized to the Agilent Human 
LncRNA Microarray (4×180K, platform: GPL17885, 
Agilent Technologies). Approximately 38,000 
lncRNAs were collected from the authoritative data 
sources, including NCBI_refseq, NCBI_unigene, 
NCBI_other, Ensembl, UCSC, LNCRNA-DB, Agilent, 
ncRNASCAN and published papers. Moreover, the 
correlations between approximately 41,000 mRNAs 
and lncRNAs were also analyzed using this array. 
After a 17-hour hybridization, the arrays were washed 
in staining dishes with a Gene Expression Wash 
Buffer Kit (Agilent Technologies). The arrays were 
scanned using an Agilent Microarray Scanner (Ag-
ilent Technologies), and the data were extracted using 
Feature Extraction Software (Version 10.7, Agilent 
Technologies). Subsequent raw data were normalized 
using a Quantile algorithm with Gene Spring Soft-
ware (Version 11.0, Agilent Technologies). 

Quantitative real-time polymerase chain 
reaction (qRT-PCR) 

The complementary DNA (cDNA) was synthe-
sized using an iScript cDNA Synthesis Kit (BIO-RAD, 
Hercules, CA, USA) in accordance with the manu-
facturer's recommended instructions. The RNA ex-
pression levels were detected using qRT-PCR, which 
was performed using the 7900 HT Sequence Detection 
System (ABI, Foster City, CA, USA) and ABI Power 
SYBR Green PCR Master Mix (ABI). The expression of 
β-actin was used as a reference to normalize the 
amount of lncRNA or mRNA in each sample. All of 
the real-time PCR reactions were performed in tripli-
cate. The relative RNA expression was calculated us-
ing the 2-ΔCt method. The primer sequences that were 
tested in this study were as follows: URHC-forward 
5'-TGTTTATGTGAGAGGAGAAAGGAAG-3', URHC
-reverse, 5'-CACTAGAGGTCTGCAAATAAAGTGA-
3'; ZAK-forward 5'-TCAGACTCCACCTTTGTTTGCA
-3', ZAK-reverse, 5'-GTAGGTGCTTGGAACTCTAGT
TTTGA-3'; and β-actin-forward, 5'-CTGGAACGGTG
AAGGTGACA-3', β-actin-reverse, 5'-CGGCCACATT
GTGAACTTTG-3'. 

RNA interference and transfection 
Specific siRNAs targeting URHC mRNA 

(URHC-siRNA #1 target sequence: 5'-CCCUUGA 
CUUGGGAUUAAUTT-3' and URHC-siRNA 
#2 target sequence: 5'-GGGAUACAUACGUACA 

UAATT-3'), ZAK mRNA (ZAK-siRNA #1 target se-
quence: 5'-CAACACGGACAUCAUACGATT-3' and 
ZAK-siRNA #2 target sequence: 5'-UGUUCAACUCC
UAACUGCGTT-3'), and the control siRNAs were 
synthesized by GenePharma (Shanghai, China). Cells 
were transfected with 50 nmol/L of either siRNA 
targeting URHC or ZAK using Lipofectamine 2000 
Transfection Reagent (Invitrogen, Carlsbad, CA, USA) 
according to the manufacturer’s recommended in-
structions. To monitor transfection efficiency, nega-
tive siRNA was used as a control. The cells were har-
vested 48 h after transfection. 

Methyl thiazolyl tetrazolium (MTT) assay 
Appropriate cells that had been transfected with 

URHC-siRNA, ZAK-siRNA, URHC-siRNA plus 
ZAK-siRNA, or negative control siRNA were seeded 
in 96-well plates in triplicate at densities of approxi-
mately 1000 cells per well and cultured in DMEM 
containing 10% FBS. Cell viability was analyzed using 
MTT (Sigma, CA, USA) assay at the indicated time 
points. 

5-ethynyl-2′-deoxyuridine (EdU) incorporation 
assay 

SMMC7721 or HepG2 cells were transfected 
with URHC-siRNA or control siRNA in 96-well 
plates. Forty-eight hours after transfection, EdU in-
corporation assay was carried out using the Cell-Light 
EdU imaging detecting kit (RiboBio, Guangzhou, 
China) according to the manufacturer’s instructions. 
EdU is an alternative thymidine analog whose incor-
poration can be used to label and identify cells un-
dergoing DNA replication [28]. EdU positive cells 
were calculated with (EdU add-in cells/Hoechst 
stained cells) ×100%. 

Cell cycle assay 
After 48 h transfection as earlier described, the 

cells were collected and washed with phos-
phate-buffered saline (PBS). The washed cells were 
resuspended in PBS and fixed in 75% ethanol. Then, 
the fixed cells were stained with propidium iodide 
(PI) supplemented with RNaseA (Sigma) for cell cycle 
analysis with a FACScan flow cytometer (BD Biosci-
ences, CA, USA). Data were collected and analyzed 
with the ModFit software (BD Biosciences). 

Western blot analysis 
Western blotting was carried out as previously 

described [29]. Briefly, total proteins were prepared 
from the samples by complete cell lysis (Beyotime, 
Shanghai, China) with protease and phosphatase in-
hibitors. Identical quantities of proteins were sepa-
rated on sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis gels and transferred onto polyvinyli-
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dene difluoride membranes. After incubation with 
antibodies specific for Bcl-2 (Cell Signaling Technol-
ogy, Beverly, MA, USA), Bax (Cell Signaling Tech-
nology), cleaved caspase 3 (Cell Signaling Technolo-
gy), caspase 3 (Cell Signaling Technology), ZAK 
(Abcam, MA, USA), ERK (Cell Signaling Technology), 
p-ERK (Cell Signaling Technology), JNK (Cell Sig-
naling Technology), p-JNK (Cell Signaling Technolo-
gy), p38 (Cell Signaling Technology), p-p38 (Cell 
Signaling Technology) and β-actin (Sigma), the blots 
were incubated with goat anti-rabbit or anti-mouse 
secondary antibodies (Cell Signaling Technology). 
The bands were then scanned using a ChemiDocXRS+ 
Imaging System (BIO-RAD) and quantified using 
Quantity One v4.6.2 software (BIO-RAD).  

Inhibition of ERK phosphorylation 
SMMC7721 cells that had been transfected with 

URHC-siRNA or negative control siRNA were treated 
with an ERK inhibitor (PD98059, 10 μM, Cell Signal-
ing Technology) in DMEM that had been supple-
mented with 10% FBS. Subsequent MTT, cell cycle 
and western blot assays were performed 48 h after 
inhibition. 

Statistical analyses 
All of the data are summarized and presented as 

the means ± standard deviation (SD) from at least 3 
separate experiments. The differences between inde-
pendent groups were analyzed using ANOVA fol-
lowed by Student’s t-test. The correlations between 
URHC and clinicopathological characteristics were 
analyzed using Pearson's chi-squared test or Fisher’s 
exact test. The expression levels of ZAK in clinical 
HCC tissues and their adjacent non-tumorous tissues 
were compared using a Wilcoxon signed-rank test. 
The relationship between expression levels of URHC 
and ZAK was analyzed by Pearson’s correlation. The 
overall survival probability was evaluated using the 
Kaplan-Meier method, and the differences between 2 
groups were estimated using the log-rank test. All 
statistical analyses were performed using SPSS 17.0 
software (Chicago, IL, USA) and GraphPad Prism 5.0 
(GraphPad Software, La Jolla, CA, USA). A P < 0.05 
was considered to be statistically significant. 

Results  
URHC expression is up-regulated in HCC cell 
lines and tissues 

To determine changes of lncRNAs in malignant 
hepatocytes, we performed a hybridization-based 
microarray analysis for lncRNA expression (The mi-
croarray data discussed in this paper have been de-
posited in NCBI Gene Expression Omnibus (GEO) 
and are accessible through GEO accession number 

GSE56384, http://www.ncbi.nlm.nih.gov/geo/ 
query/acc.cgi?acc=GSE56384). Compared with nor-
mal hepatocytes, 1658 lncRNAs were aberrantly ex-
pressed in 3 hepatoma cell lines simultaneously and 
were regarded as differentially expressed lncRNAs 
(Fold change >2, Additional file 1: Supplementary 
Table 1), accounting for 3.9% of all lncRNAs. Hierar-
chical clustering was used to analyze the differential 
lncRNA expression profiles in HCC cell lines (Fig. 
1A). GO annotation and KEGG pathway analyses 
indicated that aberrantly expressed lncRNAs affected 
many genes that may be associated with tumor bio-
logical processes, such as cell proliferation, cell cycle 
progression, apoptosis, migration and/or invasion 
(http://david.abcc.ncifcrf.gov/, Additional file 1: 
Supplementary Table 2). Next, to understand the be-
havior of these differentially expressed lncRNAs in 
HCC, we screened several HCC-related lncRNAs 
from the aspect of expression levels, the length of 
lncRNAs, GO annotation and KEGG pathway analy-
sis, and finally focused on 8 overexpressed lncRNAs 
in the microarray analysis with fold change >2. We 
then determined the expression levels of the above 
lncRNAs in an independent 15 HCC tissues (Addi-
tional file 2: Supplementary Figure S1), and named 
one of the most up-regulated lncRNAs in malignant 
hepatocytes and designated it as URHC (up-regulated 
in hepatocellular carcinoma) (Fold change=3.335, Fig. 
1B). Information from the Genbank revealed that 
URHC is located on the forward strand of human 
chromosome 2: 173958088-173958307 and that its 
transcript length is 219 bp (Fig. 1C). To further vali-
date this result, we verified the expression of URHC 
in HCC cell lines using real-time PCR analyses (Fig. 
1D). The PCR findings were similar to the expression 
levels observed using the lncRNA microarray. We 
further confirmed the expression pattern of URHC in 
15 HCC samples and found that it was significantly 
up-regulated by 2-fold or more (2-to 10-fold) com-
pared to the matching benign liver tissues (Fig. 1E). 
These data indicate that URHC expression levels are 
frequently increased in human HCC and may con-
tribute to the pathogenesis of HCC.  

Association between URHC expression and 
clinicopathological factors 

We further sought to determine whether the 
URHC expression pattern in HCC was associated 
with specific clinicopathological factors by analyzing 
samples from 52 HCC patients who had received liver 
resection therapy. We examined URHC expression 
levels using qRT-PCR, and fold changes of >2 were 
designated as up-regulated. We found that URHC 
was up-regulated in 57.7% (30/52) of HCC tissues 
compared with adjacent benign tissues, whereas 
URHC was either down-regulated or was not obvi-
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ously altered in 42.3% (22/52) of HCC tissues (Table 
1). Statistical analyses revealed that high URHC ex-
pression levels were significantly associated with both 
tumor size (χ2=8.868, P=0.003) and tumor number 
(χ2=6.857, P=0.009, Table 1). However, we did not find 
any correlation between URHC expression levels and 
other clinicopathological features, including gender, 
age, AFP level, tumor metastasis, PVTT (portal vein 
tumor thrombi), histological differentiation and AJCC 

(American Joint Committee on Cancer) stage. Next, 
we examined whether URHC expression levels were 
correlated with HCC patient outcomes following 
hepatectomy. A Kaplan-Meier survival analysis re-
vealed that high URHC expression was correlated 
with shorter overall survival after surgery (χ2=4.863, 
P=0.027, Fig. 2). These results indicate that URHC 
may be involved in HCC tumor growth and may 
predict overall survival in HCC patients. 

 
Figure 1. URHC expression in HCC cell lines and tissues. (A) Differentially expressed lncRNAs in human malignant and normal liver cells were analyzed as described in 
the Materials and Methods section using a lncRNA microassay. Red represents higher expression levels and green represents lower expression levels. (B) Hierarchical clustering 
of URHC expression levels in HCC cell lines compared with the normal control. The red rectangle indicates the hybridization signal of URHC. (C) The URHC information was 
described in the Genbank. (D) Analyses of URHC expression levels were performed in 3 HCC cell lines using real-time PCR analyses. (E) URHC expression levels were 
determined in HCC tissues and matched normal tissues (n=15). The 15 cases of HCC tissues and their matched normal tissues were included for further experiments and 
statistical analysis. β-actin was used as the internal control. The results show the means ± SD from 3 separate experiments. *, P < 0.05. 

 
Figure 2. Kaplan-Meier analysis of overall survival in 52 HCC patients based on URHC expression levels. 
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Table 1. Correlation between URHC expression and clinico-
pathologic factors in human HCC. 

Characteristics Num-
ber of 
patients 

LncRNA URHC χ2 * P 
value High Low 

All cases 52 30(57.7%) 22(42.3%)   
Gender    -  0.685 

Male 45 25 20   
Female 7 5 2   

Age (yr)    2.340 0.126 
≥50 22 10 12   
<50 30 20 10    

Tumor size (cm)    8.868  0.003** 
≤5 23 8 15   
>5 29 22 7   

PVTT     0.552  0.458 
Absent 30 16 14   
Present 22 14 8   

Tumor number    6.857  0.009** 
Single 20 7 13   

Multiple 32 23 9   
AFP level(ng/ml)    0.227  0.634 

≤400 28 17 11   
>400 24 13 11   

Lymph node metastasis    0.023  0.879 
Yes 23 13 10   
No 29 17 12   

Histological differentiation    0.004  0.947 
High+ moderate 31 18 13   

Low 21 12 9   
Distal metastasis    -  0.567 

Yes  3  1  2   
No 49 29 20   

AJCC stage     0.366  0.545 
I + II 19 12 7   

III + IV 33 18 15   
* Statistical analyses were performed using the chi-squared test or Fisher’s exact 
test. **, P < 0.05. 

 

URHC regulates cell proliferation and 
apoptosis  

To further assess the biological effects of URHC 
in HCC, we inhibited URHC expression by transfect-
ing URHC-siRNA into SMMC7721 cells, using control 
siRNA as the negative control. After 48 h of RNA in-
terference, real-time PCR analyses revealed that 
URHC expression was efficiently inhibited in 
SMMC7721 cells co-transfected with two specific 
siRNAs relative to the controls (Fig. 3A). Next, the 
cells co-transfected with two siRNAs were used in the 
subsequent functional experiments. Compared with 
the control cells, the MTT results revealed that si-
lencing URHC resulted in a significant decrease of cell 
viability at 24, 48, and 72 h, respectively (Fig. 3B). 
Further EdU incorporation assays showed EdU posi-
tive cells reduced significantly after URHC knock-
down, indicating that URHC depletion suppressed 
the entry of cells into S phase (reflecting DNA syn-
thesization) (Fig. 3C). Moreover, the results of cell 
cycle assay indicated that repressing URHC expres-
sion mainly led to a G0/G1 accumulation at 

66.74±3.65% compared with 46.13±4.14%, 
45.33%±2.31% of the controls, but a decrease of S 
phase at 18.67±3.06%, compared with 31.67±2.08%, 
28.33±2.52% of the controls, which further support 
our EdU results (Fig. 3D). In addition, an analysis of 
apoptosis demonstrated that URHC knockdown 
promoted apoptosis. We examined whether URHC 
down-regulation could alter the balance between the 
proapoptotic protein Bax and the antiapoptotic pro-
tein Bcl-2. Western blot analysis showed that 
SMMC7721 cells in which URHC had been 
down-regulated expressed higher levels of Bax and 
displayed an approximately 3-fold increase in 
Bax/Bcl-2 protein levels compared with the control 
cells (Fig. 3E and F). We further examined the expres-
sion of caspase 3 and its active form of cleaved 
caspase 3, which indicate the direct proteolytic acti-
vation of the effector caspase to induce apoptotic cell 
death during apoptosis [30]. Compared with the neg-
ative controls, significant up-regulation of cleaved 
caspase 3 was observed in cells that had been trans-
fected with URHC-siRNA, and the ratio of cleaved 
caspase 3/caspase 3 was remarkably increased (Fig. 
3E and G). Importantly, the similar results of 
URHC-mediated cell proliferation and apoptosis were 
also observed in HepG2 cells that had been trans-
fected with URHC-siRNA (Additional file 2: Supple-
mentary Figure S2). Collectively, our data suggest that 
URHC expression may play a pivotal role in the pro-
liferation and apoptosis of hepatoma cells in vitro.  

ZAK is a potential functional target of URHC, 
and URHC regulates ZAK expression 

LncRNAs have been reported to act in cis (on 
neighboring genes) to regulate the expression of genes 
or in trans (on distantly located genes) to target distant 
transcriptional activators or repressors via a variety of 
mechanisms [10]. Therefore, we searched the NCBI 
database (http://www.ncbi.nlm.nih.gov/gene) and found 
that ZAK was located near URHC on chromosome 2 
(Fig. 4A). ZAK may function as a tumor-suppressor 
gene, and its role in tumor biology has been well 
characterized [31]. Next, we determined whether 
ZAK acted as a potential target for URHC. We as-
sessed the expression of ZAK in 52 human HCC tis-
sues and found that ZAK levels were significantly 
down-regulated compared with the normal controls 
(Fig. 4B). We then explored the correlation between 
URHC and ZAK mRNA expression in the 
above-mentioned 52 HCC tissues. Importantly, a sig-
nificant negative correlation was observed between 
the expression levels of URHC and ZAK (R2=0.1387, 
P=0.0066, Fig. 4C). We further assessed the role of 
URHC in the expression of ZAK. Interestingly, cells 
transfected with URHC-siRNA increased the ZAK 
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mRNA levels and relative protein expression com-
pared with the controls (Fig. 4D and E). Thus, our 

findings provided evidence of a negative link between 
the expression of URHC and ZAK in HCC. 

 

 
Figure 3. Effects of URHC on hepatoma cell proliferation and apoptosis. (A) Decreased expression of URHC was detected using qRT-PCR 48 h post-transfection. (B) 
SMMC7721 cells were transfected with either 50 nmol/L of URHC-siRNA or the siRNA control, and cell viability was measured using the MTT assay at 24, 48, and 72 h after 
transfection. (C) EdU and Hoechst staining were performed as described in the Materials and Methods section, and cell proliferation was examined by EdU incorporation assay 
at 48 h after transfection. (D) SMMC7721 cells were collected and stained with PI and the cell cycle distribution was analyzed with flow cytometer. (E) SMMC7721 cells were 
transfected as described in (B), Bax, Bcl-2, caspase 3 and cleaved caspase 3 expression were examined using western blot analyses and the ratios of Bax/Bcl-2 (F) and cleaved 
caspase 3/caspase 3 (G) were determined. β-actin was used as a reference. The results show the means ± SD from at least 3 separate experiments. *, P < 0.05. 
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Figure 4. ZAK is a target of URHC, and URHC down-regulates ZAK in SMMC7721 cells. (A) The ZAK gene is located near URHC on chromosome 2. (B) The 
relative mRNA levels of ZAK in HCC tissues (n=52) and matched normal tissues was determined using qRT-PCR. (C) A negative correlation between the relative mRNA levels 
of ZAK and URHC was observed in the above 52 HCC tissue samples (R2=0.1387, P=0.0066). (D) SMMC7721 cells were treated with URHC-siRNA, and the mRNA and protein 
levels of ZAK (E) were examined using qRT-PCR and western blot analyses, respectively. β-actin was used as a reference. The results show the means ± SD from 3 separate 
experiments. *, P < 0.05. 

 
To further assess the contribution of ZAK to the 

biological effects of URHC, we evaluated the impact 
of ZAK silencing by RNA interference, and hence 
ZAK expression, on lncRNA URHC-dependent cell 
proliferation and apoptosis. In this study, we ob-
served that silencing ZAK increased cell viability in 
HL-7702 cells by MTT assay and the protein levels of 
ZAK were confirmed by western blot analysis (Addi-
tional file 2: Supplementary Figure S3). Next, we de-
tected whether ZAK was required for 
URHC-enhanced cell proliferation of SMMC7721 
cells. MTT assay showed that SMMC7721 cells trans-
fected with ZAK-siRNA promoted cell growth com-
pared to the cells co-transfected with URHC-siRNA 
and ZAK-siRNA or the controls, indicating that the 
inhibitory effects of URHC knockdown on cell prolif-
eration were partially rescued by the presence of 
siRNA targeting ZAK in SMMC7721 cells (Fig. 5A). In 
addition, cell cycle results showed that ZAK silencing 
was able to incompletely abrogate the G0/G1 accu-
mulation induced by URHC knockdown (Fig. 5B). 
Thus, our data indicated that the effect of URHC on 
cell proliferation was dependent upon ZAK. We next 
investigated the ability of ZAK to modulate apoptosis. 

We observed that ZAK silencing reduced the expres-
sion levels of Bax and incompletely attenuated URHC 
knockdown-mediated apoptosis in SMMC7721 cells 
(Fig. 5C). In addition, quantitative analyses revealed 
significant increases in the ratio of Bax/Bcl-2 and 
cleaved caspase 3/caspase 3 in cells that had been 
co-transfected with URHC-siRNA and ZAK-siRNA 
compared with the control or ZAK-siRNA groups 
(Fig. 5D and E). Based on these findings, we conclude 
that ZAK mediates the biological effects of URHC on 
cell proliferation and apoptosis in human HCC.  

URHC promotes HCC growth through ZAK 
via the ERK/MAPK signaling pathway  

We next attempted to investigate the underlying 
mechanism by which URHC-ZAK regulated cell 
growth and apoptosis. Mitogen-activated protein ki-
nases (MAPKs), including extracellular sig-
nal-regulated kinase (ERK), c-Jun N-terminal kinase 
(JNK) and p38, are mediators of cellular responses to 
extracellular signals [29]. In the present study, we 
further assessed whether the expression levels of 
ERK, JNK, and p38, which are crucial molecules in-
volved in pathways associated with cancer patho-
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genesis, were altered when URHC was 
down-regulated. Our results indicated that ERK, JNK 
and p38 kinase phosphorylation was detected in 
URHC knockdown cells in contrast to the control 
cells, indicating that URHC may regulate cell growth 
and induce apoptosis through the inactivation of the 
MAPK signaling pathway (Fig. 6A). Next, we exam-
ined the levels of ERK, JNK, and p38 in the 
URHC-silenced plus ZAK-silenced cells. Interesting-
ly, as shown in Fig. 6B, C, D and E, URHC-silencing 
plus ZAK-silencing attenuated the expression levels 
of phosphorylated ERK, phosphorylated JNK and 
p38, which were higher in URHC-silenced cells. 
Therefore, these data suggest that URHC may inhibit 
MAPK pathway activation through targeting ZAK. To 
further demonstrate that cell growth and apoptosis 
resulted from URHC-ZAK-mediated MAPK induc-
tion, we used a specific ERK inhibitor, PD98059 (10 
μM), which is an agent that has been widely used for 
the functional study of this pathway [32, 33]. After 
treatment of SMMC7721 cells transfected with 
URHC-siRNA with PD98059, an MTT assay revealed 
that the inhibition of cell growth induced by URHC 
down-regulation could be abrogated by PD98059 
treatment (Fig. 7A). In addition, we found that the 
changes of cell cycle distribution, especially S phase, 

caused by URHC knockdown could be rescued by 
PD98059 (Fig. 7B). In addition, an apoptosis assay 
revealed that PD98059 treatment was able to decrease 
the expression levels of Bax, which were increased in 
cells that had been transfected with URHC-siRNA 
(Fig. 7C). As shown in Fig. 7D and E, PD98059 treat-
ment attenuated the increased ratios of Bax/Bcl-2 and 
cleaved caspase 3/caspase 3 that had been induced by 
URHC-siRNA. Taken together, our results indicate 
that URHC regulates cell proliferation and apoptosis 
by targeting ZAK through the downstream of 
ERK/MAPK pathway inactivation. 

Discussion 
Recent genome-wide studies have indicated that 

a greater proportion of the genomic sequence is tran-
scribed into lncRNAs than into protein-coding RNAs. 
Functional studies have indicated that some lncRNAs, 
which may act as oncogenes or tumor suppressors, 
are involved in human cancer pathogenesis, including 
HCC [11]. Although dysregulation of lncRNAs asso-
ciated with HCC has been identified, the functions 
and clinical significance of the majority of dysregu-
lated lncRNAs in the progression and aggressiveness 
of HCC remain unknown [34-37].  

 
Figure 5. URHC regulates cell proliferation and apoptosis by down-regulating ZAK. (A) The proliferation of SMMC7721 cells that had been transfected with 
URHC-siRNA, ZAK-siRNA, URHC-siRNA plus ZAK-siRNA, or the siRNA control was examined at 48 h using the MTT assay. (B) SMMC7721 cells were transfected as 
described in (A), and the cell cycle distribution was calculated by flow cytometer after staining with PI. (C) The protein expression levels of Bax, Bcl-2, caspase 3 and cleaved 
caspase 3 were measured using western blot analyses, and the ratios of Bax/Bcl-2 (D) and cleaved caspase 3/caspase 3 (E) were determined. β-actin was used as a reference. The 
results show the means ± SD from at least 3 separate experiments. *, P < 0.05; **, P < 0.001; NS, nonsignificant. 
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In the current study, we screened for a novel 
lncRNA, URHC, and found that it was up-regulated 
in both hepatoma cell lines and clinical HCC tissue 
samples. Additionally, our data indicated that its high 
expression was correlated with tumor growth and 
poor survival in HCC patients, indicating that URHC 
may display oncogenic activity in HCC. Moreover, we 
identified the function of URHC in hepatoma cells by 

applying loss-of-function approaches. Decreased 
URHC expression inhibited hepatoma cell prolifera-
tion and promoted apoptosis in vitro. This is the first 
report to demonstrate the functional significance of 
URHC expression in human HCC, and our results 
indicate that URHC may function as a tumor onco-
gene. 

 

 
Figure 6. URHC regulates MAPK activity through ZAK. (A) The expression and phosphorylation of ERK, JNK, and p38 were examined using western blot analyses in 
SMMC7721 cells that had been transfected with URHC-siRNA or the siRNA control. (B) The expression and quantitative analyses of phosphorylation of ERK (C), JNK (D), and 
p38 (E) were examined at 48 h using western blot analyses in SMMC7721 cells that had been transfected with URHC-siRNA, ZAK-siRNA, URHC-siRNA plus ZAK-siRNA, or 
the siRNA control. β-actin was used as a reference. The results show the means ± SD from 3 separate experiments. *, P < 0.05; **, P < 0.001. 
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Figure 7. ERK was involved in the URHC-mediated cell proliferation and apoptosis. (A) The growth of SMMC7721 cells that had been treated with URHC-siRNA in 
the absence or presence of PD98059 (10 μM) or the control was measured using the MTT assay at 48 h. (B) SMMC7721 cells were collected after 48 h, and the cell cycle was 
analyzed with flow cytometer after staining with PI. (C) SMMC7721 cells were treated as described in (A), western blot analyses were performed to determine the expression 
levels of Bax, Bcl-2, caspase 3 and cleaved caspase 3, and the ratios of Bax/Bcl-2 (D) and cleaved caspase 3/caspase 3 (E) were determined. β-actin was used as a reference. The 
results show the means ± SD from at least 3 separate experiments. *, P < 0.05. 

 
Although a variety of lncRNAs have been shown 

to play important biological roles in many human 
cancers, the molecular mechanisms by which 
lncRNAs modulate tumor growth remain largely 
unknown. The regulatory mechanisms governing 
lncRNAs are diverse and complicated. LncRNAs may 
regulate protein-coding gene expression at both the 
post-transcriptional and transcriptional levels, while 
transcriptional regulation by lncRNAs may work ei-
ther in cis or in trans, positively or negatively control-
ling protein-coding gene expression [38]. Notably, the 
lncRNA-mediated regulation of the expression of 
neighboring genes via cis-acting regulation has been 
widely studied. One example of a well-studied 
cis-acting lncRNA is HOTTIP, a long intergenic 
noncoding RNA that is transcribed from the 5' tip of 
the HOXA locus that coordinates the activation of 
several 5' HOXA genes. HOTTIP bound the adaptor 
protein WDR5 directly and targeted WDR5/MLL 
complexes across HOXA, thereby driving histone H3 
lysine 4 trimethylation and gene transcription [39]. 
Zhang et al. also reported that inactivation of 
the Malat1 gene resulted in up-regulation of Ma-
lat1 neighboring genes, suggesting that Malat1 gene 
transcription may be important for regulating the 
expression of nearby genes in cis [40]. Martens et al. 

found that the expression of the lncRNA SRG1 was 
negatively correlated with the yeast SER3 gene, indi-
cating that transcriptional interference regulating ex-
pression levels in cis may represent a widespread 
function for lncRNAs [41]. Du et al. reported that 
HULC, which contributes to HBx-related hepatocar-
cinogenesis, promoted hepatoma cell proliferation by 
down-regulating the p18 tumor suppressor gene, 
which is located near HULC [42]. Thus, we examined 
whether URHC exerted its effects via the mechanisms 
outlined above. We were interested in the neighbor-
ing gene located near URHC, and URHC was suc-
cessfully predicted to target ZAK. ZAK, also known 
as ZAK-α or MLK-like MAP triple kinase-α 
(MLTK-α), belongs to the mixed lineage kinase family 
[31]. Yang et al. reported that ZAK may function as a 
tumor suppressor gene, inhibiting human lung cancer 
growth by regulating cell proliferation [31]. In addi-
tion, ZAK overexpression induced apoptosis in the 
Hep3B hepatoma cell line, indicating that ZAK ex-
pression is cytotoxic [43]. Accordingly, we speculated 
that ZAK was a potential target of URHC and that 
URHC regulated cell proliferation and apoptosis via 
ZAK. Interestingly, our results indicated that ZAK 
expression was down-regulated in HCC tissues as 
compared with the surrounding non-tumorous tis-
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sues, and URHC was inversely associated with ZAK 
expression in HCC tissues. Moreover, we observed 
that URHC down-regulated ZAK at the mRNA and 
protein levels. The negative correlation between ZAK 
and URHC expression may be explained by the tran-
scriptional interference regulatory mechanism [38, 
41]. The further functional experiments indicated that 
knockdown of URHC inhibited cell growth and sen-
sitized the cells to apoptosis, which was inversely 
associated with ZAK-silencing function. In addition, 
ZAK-silencing partially rescued URHC knock-
down-mediated anti-growth effects by reactivating 
cell proliferation and inhibiting apoptosis, further 
indicating that URHC is inversely associated with 
ZAK expression levels. Therefore, we concluded that 
URHC may promote tumor growth by suppressing 
the expression of its target gene, ZAK. 

MAPK intracellular signaling mediates various 
biological events in cells, such as gene expression, cell 
proliferation, differentiation, apoptosis, migration 
and invasion [44-47]. To date, several reports have 
demonstrated that deregulated MAPK signaling 
pathways play critical roles in the pathogenesis of 
HCC [5, 8]. To elucidate the precise mechanism in-
volved in URHC-induced cell proliferation and 
apoptosis, the effects of URHC on MAPK activation or 
inactivation were examined. The ERK pathway is the 
typical MAPK pathway and its rapid and transient 
activation is involved in cell proliferation, but some 
studies have indicated that its growth inhibitory ef-
fects are dependent on strong and sustained ERK ac-
tivation [31]. In addition, many studies support the 
general view that activation of the ERK pathway de-
livered a survival signal that counteracted the 
pro-apoptotic effects associated with JNK and p38 
activation [48]. Wang et al. reported that ERK activa-
tion played an active role in mediating drug-induced 
apoptosis and functioned upstream of caspase activa-
tion to initiate apoptotic signalling [48]. 
ERK-dependent Bcl-2 down-regulation and caspase 
activation was also shown to behave in a similar 
manner [49]. Therefore, we mainly focused on 
whether ERK was involved in the cell proliferation 
and apoptotic processes that were regulated by 
URHC and ZAK expression. Western blot analyses 
confirmed that URHC down-regulation significantly 
increased ERK phosphorylation compared with 
ZAK-silenced cells and URHC-silenced cells plus 
ZAK-silenced cells. The opposing regulation of URHC 
and ZAK suggests that URHC may inactivate the ERK 
pathway by inhibiting ZAK. To further verify these 
results, we modulated this signaling pathway using 
the ERK inhibitor PD98059 in SMMC7721 cells. The 
results of MTT and cell cycle assay revealed that 
PD98059 treatment rescued the inhibition of cell pro-

liferation that was induced by URHC 
down-regulation. Furthermore, western blot analyses 
revealed that ERK activation was responsible for 
down-regulating URHC-induced cell apoptosis, the 
resulting Bax/Bcl-2 modulation and caspase-3 activa-
tion, as shown by the reductions in these events when 
the ERK inhibitor PD98059 was present. In conclu-
sion, our findings suggest that URHC regulates cell 
proliferation and apoptosis via ERK/MAPK inactiva-
tion by targeting ZAK.  

Although we confirmed that URHC may act as 
an oncogene to regulate cell proliferation and apop-
tosis by targeting ZAK, the multiple regulatory 
mechanisms, including DNA methylation and histone 
modification [36, 50], that may affect lncRNA expres-
sion remain unclear. Consequently, further studies are 
necessary to elucidate the upstream regulatory 
mechanisms controlling URHC expression using 
chromatin immunoprecipitation (ChIP) and/or 
RNA-binding protein immunoprecipitation (RIP) as-
says. In addition, construction a gain-of-function 
URHC model system in more sensitive cells would be 
optimal to comprehensively assess its influence on 
HCC cell biology in subsequent studies. Further work 
is warranted to evaluate the role of URHC and de-
velop therapeutic strategies targeting URHC in vivo. 

In summary, we found that URHC was 
up-regulated in HCC cells and tissues and served as a 
negative prognostic factor in HCC patients. More 
importantly, our findings not only indicated that 
URHC promoted cell proliferation and inhibited 
apoptosis, but revealed a negative link between 
URHC and ZAK. Our study further discovered that 
URHC regulated cell proliferation and apoptosis by 
down-regulating ZAK expression, and inactivation of 
the ERK/MAPK pathway was required for increase in 
HCC growth induced by URHC-ZAK regulation. We 
primarily confirmed the regulatory mechanism of 
lncRNA URHC in HCC progression. Therefore, our 
findings indicate that URHC may act as a tumor on-
cogene in HCC growth and has the potential to be a 
therapeutic target for HCC.  
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