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Abstract: Objective: To study the expression and molecular mechanism of long noncoding RNAs (lncRNA) including 
HEIH and HULC in proliferation and invasion of hepatoma cells. Methods: We detected the expression of HEIH and 
HULC in hepatocellular carcinoma cell line (MHCC97L and HepG2), as well as in human normal hepatocyte line 
(cHL-7702) by real-time PCR. Using MTT and transwell, we investigated the effect of HEIH and HULC on proliferation 
and invasion of hepatoma cells with siRNA and expression plasmid. To explore the molecular mechanism, we use 
western blot to reveal the role of HEIH and HULC in tumor invasion related gene expression. Results: The expression 
of HEIH and HULC in hepatocellular carcinoma cell line was significantly increased compared with human normal 
hepatocyte line (P<0.05). The expression of HULC in HepG2 was higher than that in MHCC97L. The over-expression 
of HULC could enhance proliferation of MHCC97L and HepG2, however, the over-expression of HEIH could not. 
The over-expression of HULC and HEIH could promote invasion of MHCC97L and HepG2. Invasion of MHCC97L 
and HepG2 did not have significant change after down-regulating of HEIH and HULC by siRNA. Over-expression of 
HULC up-regulated the expression of Snail in HepG2. Conclusions: The expression of HEIH and HULC increased 
significantly in hepatocellular carcinoma cell line compared with that in human normal hepatocyte line. HULC could 
promote proliferation of hepatoma cells. HEIH and HULC play an important role in the invasion of hepatocellular 
carcinoma cell.
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Introduction

Long non-coding RNA (lncRNA) is a kind of non-
coding RNA with more than 200 nucleotides, 
which is considered to be the “noise” of genome 
transcription without biological function for a 
long time. However, recent studies revealed 
that lncRNA played an important role in dosage 
compensation effect, epigenetic regulation, 
cell cycle, differentiation, and some other cell 
life activities. Thereby lncRNA are widely 
involved in physiological and pathological pro-
cess [1, 2]. Evidence has shown that lncRNA 
participates in development and metastasis of 
tumor [3, 4]. Highly up-regulated in liver cancer 
(HULC) is an lncRNA of 1.6 kb whose gene 
locates in chromosome 6p24.3 and contains 1 
intron and 2 exons. HULC is considered to be 
the first specially upregulated non-coding RNA 
in liver cancer tissues [5, 6]. HULC can not only 
be detected in liver cancer tissues, but also in 
circulation of patients with hepatocellular carci-
noma. Therefore, this kind of lncRNA with highly 

specific expression might be applied to clinic as 
potential markers of hepatocellular carcinoma 
[7]. Another lncRNA named lncRNA high expres-
sion in hepatocellular carcinoma (lncRNA-HEIH) 
have been found to be highly expressed in the 
patients with hepatitis B virus associated pri-
mary hepatocellular carcinoma. Researchers 
found that HEIH could inhibit cell differentiation 
in G0/G1 and supposed that HEIH might be a 
cancer-promoting lncRNA which accelerated 
the carcinogenesis of hepatitis B virus related 
hepatocellular carcinoma. However, the mecha-
nism remains unknown [8, 9]. 

Further studies found that the width and depth 
of biological activity that lncRNA involved in 
were beyond our anticipation. lncRNA can regu-
late gene transcription by different mechanism, 
especially the gene close to it. Marten et al. 
revealed that some kind of lncRNA blocked the 
combination of transcription factor and promot-
er to inhibit the expression of this gene [10]. In 
addition to inhibition of gene expression, the 
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transcriptional inhibited silence of lncRNA was 
essential in transcription of Hox gene [11]. The 
mechanism of IncRNA is not only inhibition and 
promoting, but also a sophisticated biological 
process. lncRNA-HEIH and lncRNA-HULC are 
related to hepatocellular carcinoma and were 
found upregulated in hepatocellular carcinoma 
[8, 12]. This study detected the expression of 
HEIH and HULC in hepatocellular carcinoma 
cell line (MHCC97L and HepG2), as well as in 
human normal hepatocyte line (cHL-7702) by 
real-time PCR. Using MTT and transwell, we 
investigated the effect of HEIH and HULC on 
proliferation and invasion of hepatoma cells 
with siRNA and expression plasmid. We investi-
gated the expression of HEIH and HULC and its 
relationship with cell cycle associated protein 
to reveal the molecular mechanism of HEIH and 
HULC in tumor invasion of hepatocellular 
carcinoma.

Materials and methods

Cell line 

Hepatocellular carcinoma cell line MHCC97L 
was purchased from ATCC and preserved in liq-

ml): was purchased from BD. MTT Cell 
Proliferation and Cytotoxicity Assay Kit was pur-
chased from Beyotime (China). HRP-labeled 
secondary antibody was purchased from life 
technologies. Chemiluminescent Substrate 
Reagent Kit was purchased from life technolo-
gies. Snail antibody was purchased from Santa 
Cruz Biotechnology.

CO2 constant temperature unit (SANYO); optical 
microscope (OLYMPUS, BX53); ultraviolet spec-
trophotometer (Bio-Rad Headquarters, USA); 
instrument for polymerase chain reaction (Bio-
Rad CFX96 Touch).

Cell culture

Cell line MHCC97L, HepG2 and HL-7702 were 
preserved in liquid nitrogen and were recov-
ered in DMEM medium (GIBIC) with 10% fetal 
bovine serum (GIBIC) in 37°C with 5% CO2. 

Real-time PCR

After washing with PBS and trypsin digestion, 
the cells were collected by centrifugation. RNA 
was isolated from the collected cells and was 

Table 1. The primers used in Real-time PCR
Gene Accesion NO. Primer (5’-3’)
LncRNA-HEIH NR_045680.1 F: CCTCTTGTGCCCCTTTCTT

R: ATGGCTTCTCGCATCCTAT
LncRNA-HULC AY914050.1 F: AACCTCCAGAACTGTGAT

R: CATAATTCAGGGAGAAAG
GAPDH NM_002046 F: GAAGGTGAAGGTCGGAGTC

R: GAAGATGGTGATGGGATTTC

Table 2. The synthetic system of inverse transcription
Components Volume per Reaction
5×iScript reaction mix 4 μl
iScript reverse transciptase 1 μl
RNA template 1 μg
Nuclease-free water Up to 20 μl

Table 3. The synthetic system of PCR
Components Volume per Reaction
SsoAdvanced SYBR Green Super mix 5 μl
Forward primer (10 μM) 0.28-0.45 μl (280-450 nM)
Reverse primer (10 μM) 0.28-0.45 μl (280-450 nM)
cDNA template 100 ng
Nuclease-free water Up to 10 μl

uid nitrogen. Hepatocellular carcino-
ma cell line HepG2 and human nor-
mal hepatocyte line cHL-7702 was 
purchased from the Typical Culture 
Preservation Commission Cell Bank 
in Chinese Academy of Sciences and 
preserved in liquid nitrogen.

Reagents and instrument

RNA extraction kit (TRIzol Plus RNA 
Purification Kit) was purchased  
from Ambion-12183-555. TaqMan  
MicroRNA Reverse Transcription Kit 
was purchased from Applied Bio- 
systems-4366597. SsoAdvanced SY- 
BR Green Supermix was purcha- 
sed from Bio Rad-172-5264. Pri- 
mers of HEIH, HULC and GAPDH were 
synthesized by Sangon Biotech 
(Shanghai, China). Over-expression 
plasmid of HEIH and HULC were  
synthesized by Sagene (Guangzhou, 
China). Escherichia coli DH5α was 
preserved in our laboratory. Lipo- 
fectamine 3000 Transfection Rea- 
gent was purchased from invitrogen-
L3000-00. Transwell was purchased 
from Corning-4395. Matrigel (5 mg/
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analyzed using ultraviolet spectrophotometer. 
Total RNA was reverse transcribed to cDNA 
using TaqMan MicroRNA Reverse Transcription 
Kit. According to the gene sequence of HEIH 
and HULC, primers were designed and synthe-
sized by Sangon Biotech (Shanghai, China). The 
primer sequences for real-time PCR were 
showed in Table 1. For real-time PCR, 
SsoAdvanced SYBR Green Supermix was used 
according to the manufacturer’s instructions 
with a Bio-Rad CFX96 Real-Time System. There 
were 3 replicates for each sample. Experimental 
cycle threshold (CT) values were normalized  
to glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) measured on the same plate, and the 
fold differences in gene expression were deter-
mined using the 2-ΔΔCT method. The melting 
curves were observed from 72°C to 95°C 
Tables 2, 3.

Plasmid construction and transfection

pcDNA3.1 plasmid was synthesized by Sagene 
(Guangzhou, China). siRNA was designed and 
synthesized by Ribobio (Guangzhou, China). 
Cells were seeded in a 96-well plate (5000 
cells/ml). After cell attachment, adjust cell den-
sity to 70%-80% when transfection. Transfection 
solution was prepared according to manufac-
turer’s instructions and then added to the plate. 
After 4-6 h, transfection solution was replaced 
by DMEM medium with 10% FBS. 

Cell proliferative and invasive assay

Cell proliferative assay was performed accord-
ing to manufacturer’s instructions of MTT Cell 
Proliferation and Cytotoxicity Assay Kit.

Matrigel was diluted to 1 mg/ml with cold 
DMEM medium without FBS and then diluted 
matrigel (100 μl) was added to the upper cham-
bers in transwell. Transwell was incubated at 
37°C and DMEM medium (200 μl/well) were 
added to chambers. After trypsinization, cells 
were suspended with FBS-free medium and 
then inoculated to the upper chambers in tran-
swell. DMEM medium with 10% FBS was added 
to the inferior chambers. Non-invading cells 
were removed by scrubbing gently using a cot-
ton-tipped swab. Each insert was then fixed 
with 4% formaldehyde for 10 min and stained 
using 0.1% crystal violet. Micrographs were 
taken of 3 fields per sample using inverted 
microscope. The number of cells in each field 
were counted the passage number was statisti-
cal analysis (Mena ± SD).

Western-blot

Western blot was performed using a standard 
protocol. The lysates (20 μg) were separated in 
polyacrylamide sodium dodecyl sulfate gel, and 
transferred onto a PVDF membrane. The PVDF 
membranes were blocked at room temperature 
for 1 h with 5% powdered milk in TBST. Primary 
antibodies were diluted with TBST (1% pow-
dered milk in TBST). Secondary antibodies 
were diluted with TBST (0.05% powdered milk 
in TBST). The membranes were incubated with 
primary antibodies at room temperature for 2 h 
followed by incubation with secondary antibod-
ies (HRP-labeled, 1:10000) at room tempera-
ture for 1 h. There were 3 replicates for each 
sample. Blots were detected and then quanti-
fied using Quantity one v4.62.

Figure 1. The expression levels of lnc-RNA HEIH and lnc-RNA HULC in different cells. A: lnc-RNA HEIH; B: lnc-RNA 
HULC.
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Statistical analysis

All data are expressed as means ± standard 
deviations (SDs). Statistical analyses were con-
ducted using two-sample t test in SPSS (ver-
sion 11.5). A value of P<0.05 was considered 
significant.

Results

Expression of HEIH and HULC in different cell 
line 

The expression of HEIH and HULC in hepatoma 
cell line MHCC97L and HepG2 and in the con-
trol normal human liver cell line HL-7702 was 
detected by real-time PCR with specific prim-
ers. The fold differences in gene expression 
were determined using the 2-ΔΔCT method. We 
assumed the expression of HEIH and HULC in 
HL-7702 as 1. We found that the expression of 
HEIH and HULC notably upregulated in hepato-
ma cell line compared with that in control group 
(Figure 1A and 1B, P<0.05). And the expres-
sion of HULC in HepG2 cell line was higher than 
that in MHCC97L cell line (Figure 1B).

Effect of HEIH and HULC on cell proliferation 
and invasion

Figure 2 showed the expression of HEIH and 
HULC in different cell line after over-expressive 
plasmid and specific siRNA transfection. The 
expression of HEIH and HULC obviously 
increased after over-expressive plasmid trans-
fection compared with that of empty plasmid 
(Figure 2A and 2B). The expression of HEIH and 

HULC were obviously inhibited after specific 
siRNA transfection compared with siRNA of ran-
dom sequence (Figure 2A and 2B). Over-
expression of HULC promoted cell proliferation 
of MHCC97L and HepG2, however, over-expres-
sion of HEIH could not (Figure 3). Over-
expression of HULC and HEIH significantly pro-
moted cell invasion of MHCC97L and HepG2, 
however, inhibition the expression of these two 
lncRNAs with siRNA could not notably effect 
cell invasion of MHCC97L and HepG2 (Figure 4, 
P>0.05). 

The relationship between HULC and the ex-
pression of cell cycle associated protein

Studies have showed that there was positive 
correlation between HULC and proliferation of 
hepatocellular carcinoma, and between HULC 
and invasion of hepatocellular carcinoma. Snail 
not only plays an essential role in EMT of cells, 
but also is an important protein in the process 
of EMT in cancer cells. By transfection of over-
expression plasmid, HULC over-expressed in 
hepatocellular carcinoma cell. Over-expression 
of HULC led to upregulation of Snail. 

Discussion

With the completion of the human genome proj-
ect, scientists found that just a small part of 
DNA could encode protein, while a large portion 
of DNA could not. These DNA which could not 
encode protein might transcript into RNA which 
was not the so-called “noise of transcription”. 
Although these RNA could not participate in 

Figure 2. The expression levels of lnc-RNA HEIH and lnc-RNA HULC before and after siRNA in different cells. A: HEIH 
in MHCC97L cells; B: HULC in HepG2 cells.
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gene encoding and protein synthesis directly, 
they are essential for posttranscriptional con-
trol, clipping, and modification. These RNA play 
an important role in a lot of biological activities 
and have close relation with generation, devel-
opment, diagnosis and treatment of disease 
[13]. lncRNA is a kind of non-coding RNA with 
more than 200 nucleotide, which is considered 
to be the “noise” of genome transcription with-
out biological function for a long time. However, 
recent studies revealed that lncRNA played an 
important role in dosage compensation effect, 
epigenetic regulation, cell cycle, differentiation, 

and esophageal cancer, and endangers the 
human health. Mechanism of carcinogenesis 
and development is the research focus in 
oncology. Long-term accumulation of many fac-
tors leads to carcinogenesis. Although the 
three steps of hepatocarcinogenesis (hepatitis-
hepatic cirrhosis-hepatocellular carcinoma) are 
well known, the molecular mechanism of each 
process is not clear [15, 16]. Therefore, investi-
gation of potential carcinogenic agent and the 
molecular mechanism is significant for diagno-
sis and treatment of hepatocellular carcinoma. 
Though the time to study lncRNA is not long, 

Figure 3. Cell proliferation determination results by MTT method. A: Over-expression of lnc-RNA HULC in MHCC97L 
cells; B: Over-expression of lnc-RNA HEIH in MHCC97L cells; C: Over-expression of lnc-RNA HULC in HepG2 cells; D: 
Over-expression of lnc-RNA HEIH in HepG2 cells.

Figure 4. The effects of HULC on snail.

and some other cell life activi-
ties. Thereby, lncRNA are 
widely involved in physiologi-
cal and pathological process. 
Now, researches on lncRNA 
became one of the most inter-
esting research areas in 
molecular biology [14]. 

Hepatocellular carcinoma is 
the third common malignant 
tumor whose fatality rate only 
next to stomach carcinoma 
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lncRNA has been confirmed to widely partici-
pate in biological activities, especially regula-
tion of the expression of cell cycle related gene, 
modification of chromatin, dosage compensa-
tion effect, and so on. Some kinds of lncRNA 
have been found abnormally expressed in one 
or many kinds of tumor. In hepatocellular carci-
noma, some related lncRNA has been found, 
such as HEIH, HULC, HOTAIR, MALAT and MEG3 
[17-19].

The above researches suggest that lncRNA 
might play an important role in the tumorigen-
esis and development of hepatocellular carci-
noma. Our research detected the expression of 
HEIH and HULC in different hepatoma cell line 
by real-time PCR and found that the expression 
of HEIH and HULC notably upregulated in hepa-
toma cell line MHCC97L and HepG2 compared 
with that in human normal hepatocyte line cHL-
7702. We constructed over-expressive vector 
and specific siRNA of lncRNA-HEIH and lncRNA-
HULC and confirmed that siRNA could inhibit 
the expression of target gene (lncRNA-HEIH 
and lncRNA-HULC). The fold differences in gene 
expression were determined using the 2-ΔΔCT 
method and we assumed the expression of 
HEIH and HULC in HL-7702 as 1. The expres-
sion of these two kinds of lncRNA significantly 
upregulated compared with the control group 
(P<0.05) and the expression of HULC in HepG2 
cell line was higher than that in MHCC97L. This 
result was consistent with previous studies 
[20]. Further, the effect of lncRNA on prolifera-
tion of hepatoma carcinoma cell was analyzed 
by MTT Cell Proliferation and Cytotoxicity Assay 
Kit. Results showed that over-expression of lnc-
RNA HULC obviously promoted proliferation of 
MHCC97L and HepG2, while over-expression of 
HEIH could not. This result suggested that lnc-
RNA HULC promoted proliferation of tumor cell 
by regulating tumor cell proliferation associat-
ed gene, especially cell cycle related gene to 
change cell cycle of tumor cell. Cell invasion 
assay with transwell showed that Over-
expression of HULC and HEIH significantly pro-
moted cell invasion of MHCC97L and HepG2, 
however, inhibition the expression of these two 
lncRNAs with siRNA could not notably effect 
cell invasion of MHCC97L and HepG2. 

Epithelial-Mesenchymal mesenchymal Tran- 
sition transition (EMT) is a biological process 
that polar epithelial cells transformed to cells 
with interstitial phenotype through some pro-

gram. EMT plays an important role in genesis 
and development of tumor, especially changes 
abilities of cell adhesion and migration to pro-
mote invasion and metastasis of tumor cells. 
Thus EMT also plays an important role in inva-
sion and metastasis of ovarian cancer. Snail is 
very important in EMT process of tumor cells, 
and has become research focus in the field of 
tumor study [21]. Therefore, on the basis of the 
above results, we observed the effect of lnc-
RNA HEIH and lnc-RNA HULC on the expression 
of Snail in hepatoma carcinoma cell. The results 
showed that over-expression of lnc-RNA HEIH 
or lnc-RNA HULC increased the expression of 
Snail gene in HepG2 at different degree. 
Nevertheless, it was not clear that whether this 
upregulation of Snail gene was directly effect-
edaffected by lnc-RNA HEIH and lnc-RNA HULC. 
In the successive experiments, we will find pro-
teins interacting with lnc-RNA HEIH and lnc-
RNA HULC and reveal the molecular mecha-
nism in regulating cell cycle by RNA pull down 
experiment. 
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