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Abstract. – OBJECTIVE: This study aimed at 
exploring the expression and prognostic values 
of a novel long noncoding RNA RUSC1-AS-N in 
hepatocellular carcinoma (HCC), and to investi-
gate the biological roles of RUSC1-AS-N in HCC 
cells.

PATIENTS AND METHODS: RUSC1-AS-N ex-
pression in public available microarray data was 
analyzed. The expression of RUSC1-AS-N in our 
cohort containing 66 HCC tissues and paired ad-
jacent non-cancerous hepatic tissues was mea-
sured by qRT-PCR. The correlation between 
RUSC1-AS-N expression and clinicopathologi-
cal characteristics was evaluated by Pearson χ2-
test. The prognostic value of RUSC1-AS-N was 
analyzed by Kaplan-Meier survival analysis. The 
biological roles of RUSC1-AS-N on HCC cell via-
bility were evaluated by Glo cell viability assays 
and Ethynyl deoxyuridine incorporation assays. 
The effects of RUSC1-AS-N on HCC cell cycle 
were evaluated by fluorescence-activated cell 
sorting (FACS) analyses of propidium-iodide (PI) 
stained cells. The effects of RUSC1-AS-N on 
HCC cell apoptosis were evaluated by TdT-me-
diated dUTP nick end-labeling (TUNEL) assays.

RESULTS: RUSC1-AS-N is upregulated in HCC 
tissues and associated with poor prognosis of 
HCC patients from GSE54238 and GSE40144. 
In our cohort, we further confirmed the upregu-
lation of RUSC1-AS-N in HCC tissues. High ex-
pression of RUSC1-AS-N associates with large 
tumor size, vein invasion, encapsulation incom-
pletion, advanced BCLC stage, and poor recur-
rence-free survival and overall survival. Func-
tional assays revealed that RUSC1-AS-N knock-
down markedly decreases cell viability, induc-
es cell-cycle arrest and apoptosis of HCC cells.

CONCLUSIONS: RUSC1-AS-N is upregulated 
and acts as an oncogene in HCC. RUSC1-AS-N 
may be a promising prognostic biomarker and 
therapeutic target for HCC.
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Introduction

Liver cancer is the sixth most common cancer 
and the second frequent cause of cancer mortality 
worldwide, with 782,000 estimated new cases of 
liver cancer in 20121. The overall prognosis of 
liver cancer patients is still very poor, with 16.6% 
of liver cancer patients survive of 5 years after 
being diagnosed in the USA2. The poor prognosis 
of liver cancer patients indicates that it is urgent 
to identify critical biomarkers to predict patients’ 
prognosis and develop more efficient targeted 
therapies3-5. Liver cancer contains several sub-
types, and hepatocellular carcinoma (HCC) is the 
overwhelming major subtype6,7. Although some 
molecular mechanisms underlying HCC carcino-
genesis and progression have been revealed8-13, 
such as genomic instability14, gene mutation15,16, 
aberrant gene expression17 and signaling path-
way18,19, the overall insights into the underlying 
mechanisms are not fully understood.

With the great advances of next-generation 
sequencing technologies, tens of thousands of 
long noncoding RNAs (lncRNAs) have been 
identified20,21. LncRNAs is a class of novel tran-
scripts with no protein-coding potential and more 
than 200 nucleotides in length22,23. Accumulat-
ing evidence has demonstrated that lncRNAs 
are frequently dysregulated in various diseases, 
including cancers24-26. Furthermore, lncRNAs 
have been revealed to play important roles in 
many pathophysiological processes, particularly 
in cancers27,28. Many lncRNAs are reported to 
be involved in the tumorigenesis and develop-
ment of a variety of cancers29,30. With regard 
to HCC, several lncRNAs have been report-
ed, including lncRNA-ATB17, HULC31, UFC132, 
PVT133, lncTCF734, HEIH35, H1936, PXN-AS137, 
hLALR138, FTX39, GIHCG40, GPC3-AS141, lnc-
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CAMTA142, SNHG143, etc. These lncRNAs regu-
late HCC cells proliferation, apoptosis, cell cycle, 
stemness, migration, invasion, angiogenesis, and 
so on. Due to the great number of lncRNAs and 
their complex roles, other unknown lncRNAs 
may also participate in the occurrence and pro-
gression of HCC.

In this study, we analyzed several online avail-
able lncRNAs expression data sets, and identified 
a novel lncRNA RUSC1-AS-N, which is upreg-
ulated in HCC tissues and associated with poor 
prognosis of HCC patients. We further investi-
gated the expression and clinical significances of 
RUSC1-AS-N in our own cohort. Furthermore, 
we explored the biological roles of lncRNA in 
HCC.

Patients and Methods

Patients
A total of 66 HCC tissues and paired adja-

cent non-cancerous hepatic tissues were obtained 
from HCC patients who underwent radical surgi-
cal resections at Hainan Provincial People’s Hos-
pital (Haikou, Hainan, China). Written informed 
consent was granted by all the patients. All clini-
cal samples were diagnosed by histopathological 
examination. The clinical samples were immedi-
ately frozen in liquid nitrogen after resections and 
stored at -80°C until use. The Ethical Committee 
of Hainan Provincial People’s Hospital reviewed 
and approved this study.

Cell Lines and Cell Culture
The human immortalized liver normal cell line 

QSG-7701 and HCC cell lines SMMC-7721, HC-
CLM3, and Huh7 were obtained from Cell Bank 
of Chinese Academy of Sciences (Shanghai, Chi-
na). All the cells were cultured in Dulbecco’s 
Modified Eagle’s Medium (DMEM) (Invitrogen, 
Carlsbad, CA, USA) supplemented with 10% fe-
tal bovine serum (FBS) (Invitrogen) at 37°C in an 
atmosphere containing 5% CO2.

RNA Extraction and Quantitative 
Real-Time PCR (qRT-PCR)

Total RNAs were extracted from tissues and 
cells with TRIzol reagent (Invitrogen) in accor-
dance with the manufacturer’s instructions. After 
being treated with DNase I (TaKaRa, Dalian, 
China) to remove genomic DNA, the extract-
ed RNA was used to carry out reverse tran-
scription with the M-MLV Reverse Transcriptase 

(Invitrogen, Carlsbad, CA, USA) in accordance 
with the manufacturer’s instructions. Quantita-
tive real-time PCR (qRT-PCR) was performed 
with the SYBR® Premix Ex Taq™ II (TaKa-
Ra) on StepOnePlus™ Real-Time PCR Systems 
(Applied Biosystems, Foster City, CA, USA) 
in accordance with the manufacturer’s instruc-
tions. β-actin was used as endogenous control for 
the quantification of RUSC1-AS-N expression. 
RUSC1-AS-N expression was calculated using 
the comparative Ct method. The primer sequenc-
es are as follows: for RUSC1-AS-N, 5’-AGTG-
GATGAGGACTGGCT-3’ (reverse transcription), 
5’-AGGAGGTCTAGATTTCCA-3’ (sense), and 
5’-TCTTCCCACGTCTGTTTC-3’ (anti-sense); 
and for β-actin, 5’-GGGAAATCGTGCGTGA-
CATTAAG-3’ (sense) and 5’-TGTGTTGGCGTA-
CAGGTCTTTG-3’ (anti-sense).

Small Interfering RNA (siRNA) Synthesis 
and Transfection

RUSC1-AS-N specific and control siRNAs 
were synthesized by Invitrogen. The siRNA se-
quences for RUSC1-AS-N are: 5’-AUACCCAC-
CUGUAAGGUGAAAUCUG-3’. A scrambled 
non-targeting siRNA was used as negative con-
trol. Transfection was carried out with Lipofect-
amine 3000 (Invitrogen, Carlsbad, CA, USA) in 
accordance with the manufacturer’s instruction.

Glo Cell Viability Assays
24 hours after transfection of indicated siRNAs, 

3000 cells/well were seeded in 96-well plates. Af-
ter incubation for 0, 1, 2, and 3 days, cell viability 
was measured using the CellTiter-Glo® Lumines-
cent Cell Viability Assay (Promega, Madison, WI, 
USA) following the manufacturer’s protocols.

Ethynyl Deoxyuridine (EdU) 
Incorporation Assays

Ethynyl deoxyuridine (EdU) incorporation 
assays were performed to measure cell prolif-
eration. 48 hours after transfection of indicat-
ed siRNAs, HCC cells were seeded to carry 
out EdU incorporation assays with an EdU 
Kit (RiboBio, Guangzhou, China) following the 
manufacturer’s protocol. The results were quan-
tified with Zeiss photomicroscope (Carl Zeiss, 
Oberkochen, Germany) via counting at least ten 
random fields.

Cell Cycle Analyses
Fluorescence-activated cell sorting (FACS) 

analyses of PI stained cells were performed to 
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measure cell cycles. 48 hours after transfection 
of indicated siRNAs, cell cycles of transfected 
HCC cells were detected using the Cell Cycle 
Analysis Kit (Beyotime Co., Jiangsu, China) on 
a LARII flow cytometer (BD Biosciences, San 
Jose, CA, USA) following the manufacturer’s 
instructions.

TdT-mediated dUTP Nick End Labeling 
(TUNEL) Assays

TdT-mediated dUTP nick end labeling 
(TUNEL) assays were performed to measure 
cell apoptosis. 48 hours after transfection of 
indicated siRNAs, cell apoptosis of transfected 
HCC cells was detected with the Dead EndTM 
Fluorometric TUNEL System (Promega, Mad-
ison, WI, USA) following the manufacturer’s 
instructions. The results were quantified with 
Zeiss photomicroscope (Carl Zeiss, Oberkochen, 
Germany) via counting at least ten random 
fields.

Statistical Analysis
All statistical analyses were carried out using 

the GraphPad Prism Software (La Jolla, CA, 
USA). Mann-Whitney U test, Wilcoxon signed-
rank test, Student’s t-test, Pearson x2-test, or 
Log-rank test were performed as indicated. 
p-values < 0.05 were considered as statistically 
significant.

Results

RUSC1-AS-N is Upregulated in HCC and 
Indicates Poor Prognosis of HCC Patients

To search different expressed lncRNAs in HCC 
and identify prognosis indicators of HCC pa-
tients, we compared lncRNAs microarray data of 
GSE54238 with GSE40144. GSE54238 includes 
30 non-cancerous hepatic tissues and 26 HCC 
tissues. GSE40144 includes 59 HCC with disease 
free survival and overall survival information. 
Among the differently expressed lncRNAs, we 
noted that a novel lncRNA BC131492 is signifi-
cantly highly expressed in HCC tissues compared 
with non-cancerous liver tissues (p < 0.001 by 
Mann-Whitney U test) (Figure 1A). Furthermore, 
BC131492 is significantly upregulated in HCC pa-
tients with poor disease-free survival (p < 0.001 
by Mann-Whitney U test) (Figure 1B) and overall 
survival (p = 0.010 by Mann-Whitney U test) 
(Figure 1C). BC131492 resides on 1q22, orients 
in antisense direction and partially overlaps with 
3’-untranslated region of RUSC1. RUSC1-AS1 al-
so orients in antisense direction with RUSC1, but 
RUSC1-AS1 partially overlaps with 5’ region of 
RUSC1. Therefore, BC131492 is a novel transcript 
different from RUSC1-AS1, and hereafter we 
named BC131492 as RUSC1-AS-N. To confirm 
the expression pattern and clinical significances 
of RUSC1-AS-N in HCC, we collected 66 HCC 

Figure 1. BC131492 expression pattern in public available lncRNAs microarray data sets. A, BC131492 expression levels 
in 30 non-cancerous hepatic tissues and 26 HCC tissues from GSE54238. p < 0.001 by Mann-Whitney U test. B, BC131492 
expression levels in 59 HCC tissues with different disease-free survival status from GSE40144. p < 0.001 by Mann-Whitney 
U test. C, BC131492 expression levels in 59 HCC tissues with different overall survival status from GSE40144. p = 0.010 by 
Mann-Whitney U test.
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tissues and paired adjacent non-cancerous hepat-
ic tissues, and measured RUSC1-AS-N expres-
sion in these tissues using qRT-PCR. The results 
showed that RUSC1-AS-N was significantly up-
regulated in HCC tissues compared with paired 
adjacent non-cancerous hepatic tissues (p < 0.001 
by Wilcoxon signed-rank test) (Figure 2A). Fur-
thermore, RUSC1-AS-N expression in HCC cell 
lines (SMMC-7721, HCCLM3, and Huh7) and 

liver normal cell line (QSG-7701) was measured 
by qRT-PCR. As shown in Figure 2B, RUSC1-
AS-N was also significantly upregulated in HCC 
cell lines compared with liver normal cell line.

The correlation between RUSC1-AS-N expres-
sion levels and clinicopathological characteristics 
was analyzed in these 66 HCC patients. As shown 
in Table I, correlation regression analysis demon-
strated that high expression of RUSC1-AS-N was 

Figure 2. RUSC1-AS-N expression levels in HCC tissues and cell lines, and its association with HCC patients’ prognosis. 
A, RUSC1-AS-N expression levels in 66 HCC tissues and paired adjacent non-cancerous liver tissues were measured by qRT-
PCR. p < 0.001 by Wilcoxon signed-rank test. B, RUSC1-AS-N expression levels in liver normal cell line (QSG-7701) and 
HCC cell lines (SMMC-7721, HCCLM3, and Huh7) were measured by qRT-PCR. Results are shown as mean ± SD from three 
independent experiments. ***p < 0.001 by Student’s t-test. C, Kaplan-Meier survival analyses of the correlations between 
RUSC1-AS-N expression levels and recurrence-free survival of these 66 HCC patients. The median expression level was 
used as the cutoff. p = 0.012 by Log-rank test. D, Kaplan-Meier survival analyses of the correlations between RUSC1-AS-N 
expression levels and overall survival of these 66 HCC patients. The median expression level was used as the cutoff. p = 0.019 
by Log-rank test.
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positively associated with large tumor size (p = 
0.037), vein invasion (p = 0.014), encapsulation 
incompletion (p = 0.024), and advanced BCLC 
stage (p = 0.013), implying that RUSC1-AS-N 
may be involved in the progression of HCC. 
Furthermore, we investigated the association be-
tween RUSC1-AS-N expression and the prognosis 
of these patients. Kaplan-Meier survival analysis 
demonstrated that high expression of RUSC1-
AS-N indicates a reduced recurrence-free sur-
vival (Figure 2C) and overall survival (Figure 
2D). Collectively, these data demonstrated that 
RUSC1-AS-N is upregulated in HCC and high 
expression of RUSC1-AS-N indicts poor progno-
sis of HCC patients.

RUSC1-AS-N Knockdown Represses Cell 
Viability of HCC Cells

To explore the biological roles of RUSC1-AS-N 
in HCC, we knocked down RUSC1-AS-N expres-
sion via transfecting RUSC1-AS-N specific siR-

NAs into SMMC-7721 cells. The knockdown effi-
ciency was shown in Figure 3A. Glo cell viability 
assays showed that RUSC1-AS-N knockdown sig-
nificantly repressed cell viability of SMMC-7721 
cells (Figure 3B). Moreover, EdU incorporation 
assays also showed that RUSC1-AS-N knock-
down significantly inhibited cell proliferation of 
SMMC-7721 cells (Figure 3C). To further con-
firm the biological roles of RUS1-AS-N on cell 
viability of HCC cells, we knocked down RUSC1-
AS-N expression in Huh7 cells via transfecting 
RUSC1-AS-N specific siRNAs (Figure 3D). Glo 
cell viability assays showed that RUSC1-AS-N 
knockdown significantly repressed cell viability 
of Huh7 cells (Figure 3E). EdU incorporation as-
says also showed that RUSC1-AS-N knockdown 
significantly inhibited cell proliferation of Huh7 
cells (Figure 3F). Collectively, these data demon-
strated that RUSC1-AS-N knockdown represses 
cell viability of HCC cells.

RUSC1-AS-N Knockdown Induces 
Cell-Cycle Arrest of HCC Cells

To further elucidate the cell viability repressing 
roles of RUSC1-AS-N knockdown in HCC, fluo-
rescence-activated cell sorting (FACS) analyses 
of PI stained cells were performed to measure 
cell cycle. The results showed that RUSC1-AS-N 
knockdown increased the percentages of cells in 
the G0/G1 phases, and decreased the percent-
ages of cells in the S and G2/M phases in both 
SMMC-7721 and Huh7 cells (Figure 4A and 
B). These data demonstrated that RUSC1-AS-N 
knockdown induces cell-cycle arrest of HCC 
cells.

RUSC1-AS-N Knockdown Induces 
Apoptosis of HCC Cells

Cell apoptosis was further measured by 
TUNEL assays. As shown in Figure 5A and B, 
RUSC1-AS-N knockdown induced apoptosis of 
both SMMC-7721 and Huh7 cells. These data 
demonstrated that RUSC1-AS-N knockdown in-
duces apoptosis of HCC cells.

Discussion

Compared with other cancers, HCC apparently 
has a more dismal outcome44. The poor prognosis 
of HCC is mainly ascribed to the high recurrence 
rate6. Accurate prediction of the recurrence and 
survival of HCC patients is of great importance. 
Identifying reliable prognosis biomarkers would 

Table I. Correlation between RUSC1-AS-N expression levels 
and clinicopathological characteristics of HCC patients.

                      RUSC1-AS  

 Parameters Low High p-value

All cases 33 33 
Gender   0.741
  Male 27 28 
  Female  6  5 
Age   0.621
  > 55 16 14 
  ≤ 55 17 19 
Hepatitis B   0.757
  Positive 27 26 
  Negative  6  7 
Liver cirrhosis   0.580
  Positive 25 23 
  Negative  8 10 
AFP (ng/ml)   0.398
  > 20 23 26 
  ≤ 20 10  7 
Tumor size (cm)   0.037
  > 5  7 15 
  ≤ 5 26 18 
Vein invasion   0.014
  Present  5 14 
  Absent 28 19 
Encapsulation   0.024
  Complete 18  9 
  No 15 24 
BCLC stage   0.013
  0-A 23 13 
  B-C 10 20 

Median expression level of RUSC1-AS-N was used as the 
cutoff. p-value was acquired by Pearson chi-square test.
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Figure 3. RUSC1-AS-N knockdown decreases cell viability of HCC cells. A, RUSC1-AS-N expression levels in SMMC-7721 
cells after transient transfection of RUSC1-AS-N specific siRNAs or control. B, The effects of RUSC1-AS-N knockdown 
on cell viability of SMMC-7721 cells were detected by Glo cell viability assays. C, The effects of RUSC1-AS-N knockdown 
on cell proliferation of SMMC-7721 cells were detected by EdU incorporation assays. The red color indicates EdU-positive 
nuclei. Scale bars = 100 µm. D, RUSC1-AS-N expression levels in Huh7 cells after transient transfection of RUSC1-AS-N 
specific siRNAs or control. E, The effects of RUSC1-AS-N knockdown on cell viability of Huh7 cells were detected by Glo 
cell viability assays. F, The effects of RUSC1-AS-N knockdown on cell proliferation of Huh7 cells were detected by EdU 
incorporation assays. The red color indicates EdU-positive nuclei. Scale bars = 100 µm. Results are shown as mean ± SD from 
three independent experiments. **p < 0.01, ***p < 0.001 by Student’s t-test.

Figure 4. RUSC1-AS-N knockdown induces cell-cycle arrest of HCC cells. A, The effects of RUSC1-AS-N knockdown on 
cell cycle of SMMC-7721 cells were detected by FACS analyses of propidium-iodide stained cells. B, The effects of RUSC1-
AS-N knockdown on cell cycle of Huh7 cells were detected by FACS analyses of propidium-iodide stained cells. Results are 
shown as mean ± SD from three independent experiments. *p < 0.05, **p < 0.01 by Student’s t-test.
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be critical for distinguishing high-risk patients 
for recurrence45. In this work, through exploring 
public available lncRNA microarray data, we 
identified a novel lncRNA RUSC1-AS-N, which 
is upregulated in HCC tissues and associates with 
poor survival of HCC patients. We further con-
firm the expression pattern and the association 
with prognosis of RUSC1-AS-N in our cohort. 
Furthermore, we also found that high expression 
of RUSC1-AS-N correlates with large tumor size, 
vein invasion, encapsulation incompletion, and 
advanced BCLC stage. Our results first revealed 
that RUSC1-AS-N would be a potential biomark-
er for HCC prognosis. Besides RUSC1-AS-N, 
other lncRNAs have also been revealed to be 
associated with HCC prognosis. For example, 
high expression of HEIH35, SNHG2046, or ln-
cRNA-ATB17 is associated with poor survival of 
HCC patients. High expression of FTX39 is asso-
ciated with good survival of HCC patients. The 
combination of these lncRNAs would be more 
accurate in predicting HCC patients’ outcome, 
which needs further investigation.

Except to the prognostic significances of 
RUSC1-AS-N in HCC, RUSC1-AS-N also plays 
important biological roles in HCC cell viability. 
Our findings found that RUSC1-AS-N knock-
down markedly inhibited HCC cell viability. 
Further, we found that RUSC1-AS-N knock-
down not only induced cell-cycle arrest, but also 
induced apoptosis of HCC cells. Hence, our data 
imply that RUSC1-AS-N may be a promising 

therapeutic target for HCC. Although a variety 
of lncRNAs have been revealed to regulate HCC 
cell viability, this study identifies a new mem-
ber of lncRNA with critical roles in HCC and 
further supports the importance of lncRNAs in 
cancers.

RUSC1-AS-N resides on 1q22, orients in an-
tisense direction with RUSC1. Whether there 
is interplay between RUSC1-AS-N and RUSC1, 
it needs of further exploration. The molecular 
mechanisms underlying the roles of RUSC1-
AS-N in HCC also need further exploration.

Conclusions

We identified a novel lncRNA RUSC1-AS-N, 
which is upregulated in HCC. Its upregulation 
associates with large tumor size, vein invasion, 
encapsulation incompletion, and advanced BCLC 
stage. Moreover, high expression of RUSC1-AS-N 
indicts poor recurrence-free survival and overall 
survival. Functionally, RUSC1-AS-N knockdown 
markedly decreases cell viability, induces cell-cy-
cle arrest and apoptosis of HCC cells. We demon-
strated that RUSC1-AS-N may be a promising 
prognostic biomarker and therapeutic target for 
HCC.

Conflict of Interest
The Authors declare that they have no conflict of interests.

Figure 5. RUSC1-AS-N knockdown induces apoptosis of HCC cells. A, The effects of RUSC1-AS-N knockdown on apoptosis 
of SMMC-7721 cells were detected by TUNEL assays. The green color indicates TUNEL-positive and apoptotic cells. Scale 
bars = 100 µm. B, The effects of RUSC1-AS-N knockdown on apoptosis of Huh7 cells were detected by TUNEL assays. The 
green color indicates TUNEL-positive and apoptotic cells. Scale bars = 100 µm. Results are shown as mean ± SD from three 
independent experiments. **p < 0.01 by Student’s t-test.
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