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LncRNA TP73-AS1 promotes malignant
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Abstract. - OBJECTIVE: The aim of this study
was to investigate long non-coding RNA (In-
cRNA) TP73-AS1 expression in hepatocellu-
lar carcinoma (HCC) tissues and cells, and to
further investigate whether it can accelerate
the progression of HCC by regulating microR-
NA-103.

PATIENTS AND METHODS: Quantitative Re-
al Time-Polymerase Chain Reaction (qRT-PCR)
was performed to examine TP73-AS1 expression
in 60 pairs of HCC tissues and adjacent ones,
and the association between IncRNATP73-AS1
level and clinical indicators of HCC as well as
patients’ prognosis was analyzed. Meanwhile,
qRT-PCR was used to further verify TP73-AS1
expression in HCC cell lines. The IncRNA TP73-
AS1 knockdown model was constructed using
lentivirus in the HCC cell lines, including Bel-
7402 and HepG2. Cell counting kit-8 (CCK-8),
5-Ethynyl-2’-deoxyuridine (EdU), and flow cy-
tometry assays were performed to figure out the
influence of TP73-AS1 on the basic biological
function of the HCC cells. Finally, the involved
potential regulatory mechanism was explored
using cell recovery experiments, and the rela-
tionship between TP73-AS1 and microRNA-103
was further studied.

RESULTS: QRT-PCR results indicated that
TP73-AS1 expression in HCC samples was con-
spicuously enhanced compared with paracan-
cerous tissues, and patients with a relatively
high level of TP73-AS1 had a higher tumor stage
and a lower overall survival rate. Meanwhile,
the proliferation ability of cells in the sh-TP73-
AS1 group was strikingly lower than that in the
control group, while cell apoptosis showed the
opposite trend. Besides, qRT-PCR results in-
dicated a negative correlation between microR-
NA-103 and TP73-AS1 in HCC tissue specimens.
The results of the luciferase reporting assay re-
vealed that TP73-AS1 could be targeted by mi-
croRNA-103 through binding site. In addition,
the cell recovery experiment demonstrated that

TP73-AS1 and microRNA-103 might have a mutu-
al regulation, and the two of which could togeth-
er affect the malignant progression of HCC.

CONCLUSIONS: TP73-AS1 expression was
conspicuously enhanced both in HCC tissues
and cell lines, which were associated with ad-
vanced tumor stage and poor prognosis. In addi-
tion, TP73-AS1 could accelerate the proliferation
of HCC cells by regulating microRNA-103.
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Introduction

Hepatocellular carcinoma (HCC) is one of the
common malignant tumors in China. Its inci-
dence rate ranks third in China, while the mortal-
ity rate ranks the second'?. Currently, surgery is
the main method for treatment of liver cancer, but
most patients with liver cancer are already in the
advanced stage, and thus, they lost the opportu-
nity of surgical treatment. However, liver cancer
lacks other effective treatment methods, resulting
in a low 5-year survival*®. Therefore, it is of great
significance to improve the prognosis of patients
with HCC by systematically revealing the patho-
genesis of this disease, clarifying the regulatory
relationship between various molecules in cancer
cells, finding the pathogenic factors that play a
vital role in the pathogenesis of this cancer, de-
veloping new drugs for effective treatment, and
enriching therapeutic methods™®.

Long non-coding RNA (IncRNA) is a non-cod-
ing RNA greater than 200 nucleotides in length.
In the RNA contained in the cells, the proportion
of IncRNA far exceeds the well-known mRNA,
which is more than 90%, and mRNA only accounts
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for about 2%”'°. Many studies''"'* have shown that
IncRNA exert a vital influence on the development
of tumors, which undoubtedly brings new hopes
to reveal the mechanism of tumor development.
Therefore, the systematic and in-depth research
and clarification of the molecular mechanism of
IncRNA in the progression of liver cancer have
far-reaching significance for the development of
molecularly targeted drugs, the improvement of
liver cancer treatment methods, and the survival
rate of patients'>'¢. LncRNA TP73-ASl is located
at 1p36.32, and there are very few reports on the
role of IncRNA TP73-ASI in the development of
tumors at home and abroad'-"°. Therefore, this ex-
periment comprehensively analyzed the level and
biological effects of IncRNATP73-AS1 in HCC,
and initially explored its molecular mechanism of
tumor regulation.

MicroRNAs are a class of endogenous short-
chain non-coding small-molecule ribonucleotides
that bind to the 3’-UTR of mRNA to degrade the
targeted mRNA, thereby negatively regulating
the level of transcription of the target gene'’. In
recent years, microRNA-103 has been studied in
a variety of tumors; however, its roles in HCC re-
mains elusive. Therefore, this study investigated
whether IncRNA TP73-ASI provides an experi-
mental basis for its clinical application by regulat-
ing miRNA-103.

Patients and Methods

Patients and Liver Cancer Samples

In this study, 60 pairs of liver tissue were se-
lected from surgically treated cases of HCC, and
invasive tumor specimens and their paracancer-
ous tissues were stored at -80°C. This study was
approved by the Ethics Committee of Xi’an XD
Group Hospital. Patients and their families have
been fully informed that their specimens would
be used for scientific research, and all participat-
ing patients signed a written informed consent.

Cell Lines and Reagents

Six human HCC cells (Bel-7402, HepG2, MH-
CC88H, SMMC-7221, Huh7, Hep3B) and one hu-
man normal liver cell line (LO2) were purchased
from American Type Culture Collection (ATCC;
Manassas, VA, USA), and Dulbecco’s Modified
Eagle’s Medium (DMEM) and the fetal bovine
serum (FBS) were purchased from Life Technol-
ogies (Gaithersburg, MD, USA). The hepatocellu-
lar carcinoma cell line was cultured in a DMEM
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medium containing 10% FBS, penicillin (100 U/
mL), and streptomycin (100 pg/mL). All cells
were cultured at 37°C, in a 5% CO, incubator,
and digested with 1% trypsin + EDTA (Ethylene
Diamine Tetraacetic Acid) for passage when they
reached 80%-90% of confluence.

Transfection

The negative control group (shRNA) and the
lentivirus containing the TP73-AS1 knockdown
sequence (sh-TP73-AS1) were purchased from
Shanghai Jima Company (Shanghai, China). The
cells were seeded in 6-well plates and grown to
a cell density of 40%, then, the transfection was
performed according to the manufacturer’s in-
structions, and the cells were collected 48 h lat-
er for quantitative Real Time-Polymerase Chain
Reaction (QRT-PCR) analysis and cell function
experiments.

Cell Proliferation Assay

The cells after 48 h of transfection were col-
lected and re-seeded into 96-well plates at 2000
cells per well. After being cultured for 24 h, 48
h, 72 h, and 96 h, cell counting kit-8 (CCK-8) re-
agent (Dojindo Laboratories, Kumamoto, Japan)
was added in the cells. After incubation for 2 h,
the optical density (OD) value of each well was
measured in the microplate reader at 490 nm of
absorption wavelength.

Colony Formation Assay

After 48 h of transfection, the cells were col-
lected, and 200 cells were seeded in each well
of a 6-well plate and cultured in complete medi-
um for 2 weeks. The medium was replaced after
one week and then changed twice a week. After
2 weeks, the cells were cloned and washed twice
with Phosphate-Buffered Saline (PBS). The cells
were fixed in 2 ml of methanol for 20 min. After
the methanol was aspirated, the cells were stained
with 0.1% crystal violet for 20 minutes, washed 3
times with PBS, photographed and counted.

5-Ethynyl-2-Deoxyuridine (EdU) Assay

To demonstrate the effect of TP73-AS1 on
cell proliferation, the EDU assay was performed
according to the manufacturer’s requirements.
After transfection for 24 h, the cells were incu-
bated with 50 um EDU for 2 h and then stained
with AdoLo and 4’°,6-diamidino-2-phenylindole
(DAPI). The number of EDU-positive cells was
detected by fluorescence microscopy. The display
rate of EDU positive was shown as the ratio of the
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number of EDU positive cells to the total DAPI
chromogenic cells.

ORT-PCR Assay

1 mL of TRIzol (Invitrogen, Carlsbad, CA,
USA) was used to lyse the cells, and the total
RNA was extracted. The initially extracted RNA
was treated with DNase I to remove the genom-
ic DNA and purify the RNA. RNA reverse tran-
scription was performed according to the Prime
Script Reverse Transcription Kit instructions,
the real time-PCR was performed according
to the SYBR"® Premix Ex Taq™ kit instructions
(TaKaRa, Otsu, Shiga, Japan), and the PCR re-
action was performed using the StepOne Plus
Real-time PCR System (Applied Biosystems,
Foster City, CA, USA). The following primers
were used for qRT-PCR reaction: TP73-ASl:
F: 5-CCGGTTTTCCAGTTCTTGCAC-3’, R:
5-GCCTCACAGGGAAACTTCATGC-3’; glyc-
eraldehyde 3-phosphate dehydrogenase (GAP-
DH): F: 5>-CGCTCTCTGCTCCTCCTGTTC-3’,
R: 5>-ATCCGTTGACTCCGACCTTCAC-3’;
miRNA-103: F: 5>-CGCTAGAAGCTTTTGGGT-
TAATACTCCATTGAG-3’, R: 5>-GCCCTAGAC-
CATGGATTTGTCATTTTGTAAAACT-3’; Ué:
F:  5-CGCTTCGGCAGCACATATAC-3, R:
5-TTCACGAATTTGCGTGTCAT-3".

The Bio-Rad PCR instrument was used to an-
alyze and process the data with the software iQ5
2.0 (Bio-Rad, Hercules, CA, USA). The GAPDH
and U6 genes were used as internal parameters.

Dual Luciferase Reporting Assay

A specific fragment of the target promoter was
inserted in front of the luciferase level sequence to
construct a report plasmid. The transcription fac-
tor plasmid to be detected was co-transfected with
the reporter plasmid into the Bel-7402 and HepG2
cells. A specific luciferase substrate was added,
and luciferase reacted with the substrate to gen-
erate fluorescence. By measuring the intensity of
the fluorescence, the activity of the luciferase was
analyzed to verify whether the transcription factor
could interact with the target promoter fragment.

Statistical Analysis

The statistical analysis was performed using
GraphPad Prism 5 V5.01 software (La Jolla, CA,
USA). The statistical differences between the two
groups or groups were analyzed using the Stu-
dent’s #-test. The comparison between the groups
was done using One-way ANOVA test followed by
post-hoc test (Least Significant Difference). Inde-
pendent experiments were repeated at least three
times for each experiment, and the data were ex-
pressed as mean + standard deviation (x=£s). p<0.05
was considered statistically significant.

Results

TP73-AS1 was Highly Expressed in HCC
Tissues and Cell Lines

In order to determine the role of TP73-AS1
in HCC, we collected 60 pairs of HCC samples

Table I. Association of IncRNA TP73-AS1 and miR-103 expression with clinicopathologic characteristics of hepatocelluar

carcinoma.

TP73-AS1 expression miR-103 expression
Number of p-value p-value
Parameters cases Low (%) High(%) Low (%) High (%)
Age (years) 0.190 0.452
<60 25 15 10 9 16
>60 35 15 20 16 19
Gender 0.302 0.432
Male 30 17 13 11 19
Female 30 13 17 14 16
T stage 0.018 0.015
T1-T2 35 22 13 10 25
T3-T4 25 8 17 15 10
Lymph node metastasis 0.108 0.124
No 38 22 16 13 25
Yes 22 8 14 12 10
Distance metastasis 0.067 0.170
No 35 21 14 12 23
Yes 25 9 16 13 12
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Figure 1. TP73-AS1 is highly expressed in hepatocellular carcinoma tissues and cell lines. 4, qRT-PCR was used to detect
the differential expression of TP73-AS1 in hepatocellular carcinoma tumor tissues and adjacent tissues; B, qRT-PCR was used
to detect the expression level of TP73-AS1 in osteosarcoma cell lines. Data are mean + SD, *p<0.05, **p<0.01, ***p<0.001.

and adjacent ones and detected TP73-ASI level
in these samples. The results revealed that TP73-
AS1 was elevated in the HCC tissue samples (Fig-
ure 1A), suggesting that TP73-AS1 might act as
an oncogene in liver cancer. In addition, TP73-
AS1 was found conspicuously higher in the OS
cells than in human normal liver cell lines (LO2),
and the difference was statistically significant
(Figure 1B).

TP73-AS1 Level was Correlated with
Pathological Staging and Overall
Survival in HCC Paatients

Based on the mRNA results of TP73-ASI in 60
pairs of HCC specimens and paracancerous ones,
we divided these tissue samples into the high-lev-
el group and low-level group and analyzed the re-
lationship between TP73-ASl1 level and age, sex,
tumor stage, lymph node, or distant metastasis of
HCC patients. As shown in Table I, the highly ex-
pressed IncRNATP73-AS1 was positively correlat-
ed with the pathological stage of HCC, but not with
age, gender, distant, or lymph node metastasis.

Knockdown of TP73-AS1 Inhibited Cell
Proliferation, and Promoted Cell Apoptosis
To investigate the function of TP73-ASl1
in HCC, we constructed a knockdown TP73-
ASI1 lentiviral vector. After transfecting the
TP73-AS1 lentiviral vector in the Bel-7402
and HepG?2 cell lines, the qRT-PCR assay was
performed to verify the interference efficiency
(Figure 2A). In the Bel-7402 and HepG2 cell
lines, after TP73-AS1 down-regulation, the
CCK-8, EDU, and flow cytometry assays were
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performed to detect cell proliferation and apop-
tosis ability. The results showed that, compared
with the control group, the cell proliferation
ability of the cells in the TP73-AS1 silencing
group was conspicuously reduced (Figure 2B,
2C, 2D), while cell apoptosis was conversely
increased (Figure 2E).

Direct Binding of TP73-AS1
and MicroRNA-103

As shown in Figure 3A, in order to further veri-
fy the binding of microRNA-103 to TP73-AS1, we
cloned the TP73-AS1 sequence into the luciferase
reporter plasmid pmirGLO, and also constructed
the mutation vector pmirGLO-TP73-ASI1-mut.
Then, pmirGLO-TP73-AS1-wt, pmirGLO-TP73-
ASI1-mut or pmirGLO, and microRNA-103 were
co-transfected into Bel-7402 and HepG2 cells,
respectively, for luciferase reporter gene exper-
iments. The results showed that the overexpres-
sion of microRNA-103 conspicuously attenuated
the luciferase activity of the wild type TP73-AS1
vector (p<0.05) without attenuating the luciferase
activity containing the mutant vector (p>0.05) or
the empty vector (p>0.05), further demonstrating
that TP73-ASI can be targeted by microRNA-103
through this binding site.

MicroRNA-103 was Lowly Expressed
in Hepatocellular Carcinoma Tissues
or Cell samples

QRT-PCR experiments confirmed that the mi-
croRNA-103 level was conspicuously decreased
in HCC tissues when comparing with paracan-
cerous ones (Figure 3B). Subsequently, microR-



LNcRNA TP73-AS1 promotes hepatoma

NA-103 was also found lowly expressed in HCC
cell lines (Figure 3C). Therefore, we selected 16
pairs of samples in HCC patients and detected
the mRNA expression of TP73-AS1 and mi-
croRNA-103. The results indicated that mRNA
levels of TP73-AS1 and microRNA-103 showed
a negative correlation in HCC tissues (Figure
3D). Subsequently, after transfecting the TP73-
ASI knockdown lentiviral vector in the Bel-7402
and HepG2 cell lines, the expression of microR-
NA-103 in the cells of TP73-AS1 silencing group
was found conspicuously enhanced (Figure 3E).
At the same time, we analyzed the association
between microRNA-103 expression and pathol-
ogy as well as patients’ prognosis in HCC. As
shown in Table I, the low level of microRNA-103
was positively correlated with the pathological
stage of HCC, but not with age, gender, lymph
node, or distant metastasis.

Overexpression of MicroRNA-103
Inhibited Cell Growth and Accelerated
Cell Apoptosis

To investigate the function of microRNA-103
in HCC, we constructed a microRNA-103 overex-
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pressing lentiviral vector. After transfection of the
lentiviral vector in the Bel-7402 and HepG2 cell
lines, the interference efficiency was subsequently
confirmed (Figure 4A), and the CCK-8, EDU, and
flow cytometry were used to detect cell growth and
apoptosis. The results showed that compared with
miR-NC, the cell proliferation ability of microR-
NA-103 overexpression group was conspicuously
decreased (Figure 4B, 4C, 4D) while cell apoptosis
was oppositely enhanced (Figure 4E).

TP73-AS1 Modulated MicroRNA-103
Expression in Hepatocellular Carcinoma
Tissues and Cell Lines

To further explore the ways in which In-
cRNATP73-AS1 promotes the malignant pro-
gression of HCC, we found a possible relation-
ship between TP73-AS1 and microRNA-103
through relevant bioinformatics analysis (Figure
5A). In addition, to further explore the interac-
tion between TP73-AS1 and microRNA-103 in
HCC cells, we down-regulated microRNA-103 in
an HCC cell line that had been transfected with
sh-TP73-AS1 to further explore the mutual reg-
ulation between the two, and the transfected effi-
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Figure 2. Silencing TP73-ASI inhibits the proliferation of hepatocellular carcinoma cells. 4, QRT-PCR verified the inter-
ference efficiency of TP73-ASl1 after transfection of TP73-AS1 knockout vector in Bel-7402 and HepG2 cell lines. B, CCK-8
assay was used to analyzed the effect of silenced-TP73-ASI on proliferation of hepatocellular carcinoma cells including Bel-
7402 and HepG2 cell lines. C, EDU assay was used to detect the effect of silencing TP73-AS1 on proliferation of hepatocellular
carcinoma cells including Bel-7402 and HepG2 cell lines. D, Cell cloning assay was used to detect the effect of silencing TP73-
ASI on proliferation of hepatocellular carcinoma cells including Bel-7402 and HepG2 cell lines. E, Flow cytometry assay was
used to detect the effect of silencing TP73-AS1 on apoptosis of hepatocellular carcinoma cells including Bel-7402 and HepG2

cell lines. Data are mean + SD, *p<0.05.
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Figure 3. Direct targeting of miR-103 by TP73-ASI. 4, Dual luciferase reporter assay was performed to demonstrate direct
targeting of TP73-AS1 and miR-103. The dual luciferase reporter gene assay in the Bel-7402 and HepG2 cell lines showed that
overexpression of miR-103 significantly attenuated the luciferase activity of the wild-type TP73-AS1 vector (p<0.001) without
attenuating that of mutant vector (p>0.05) or empty vector (p>0.05). B, qRT-PCR was used to detect differential expression of
miR-103 in hepatocellular carcinoma and adjacent tissues. C, QRT-PCR verified the mRNA expression level of miR-103 after
transfection of TP73-AS1 in hepatocellular carcinoma cell lines. D, There was a negative association between TP73-AS1 and
miR-103 expression in hepatocellular carcinoma tissues. E, Silencing TP73-ASI significantly increased miR-103 levels. Data
are mean + SD, *p<0.05, **p<0.01, ***p<0.001.
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Figure 4. Overexpression of miR-103 inhibits hepatocyte cancer cell proliferation. 4, qRT-PCR verified the interference effi-
ciency of miR-103 after transfection of miR-103 overexpression vector in Bel-7402 and HepG2 cell lines. B, CCK-8 assay was
used to analyzed the effect of overexpression of miR-103 on proliferation of hepatocellular carcinoma cells including Bel-7402
and HepG2 cell lines. C, EDU assay was used to analyzed the effect of overexpression of miR-103 on proliferation of hepato-
cellular carcinoma cells. D, Cell cloning assay was used to analyzed the effect of overexpression of miR-103 on proliferation
of hepatocellular carcinoma cells. E, Flow cytometry assay was used to analyzed the effect of overexpression of miR-103 on
apoptosis of hepatocellular carcinoma cells. Data are mean + SD, *p<0.05.

ciency was verified using qPCR (Figure 5B). Sub-
sequently, we conducted the EDU experiments
and flow cytometry, and found that microR-
NA-103 could counteract the effect of TP73-AS1
on HCC cells (Figure 5C).

Discussion

HCC (HCC) is a malignant tumor with strong
invasive ability, high metastasis, and poor prog-
nosis. The mortality caused by patients accounts
for third place in the world for tumor-related dis-
eases'. Therefore, finding new biological indi-
cators for early diagnosis and prognosis of liver
cancer is of great significance for the treatment
and improvement of prognosis of liver cancer
patients™®. LncRNAs are a class of endogenous
RNA a transcript length of more than 200 nt that
cannot encode proteins. They often have a po-
lyA tail structure and account for about 80% of
non-coding RNA®!. With the deepening of later
research, we have found that some tumor-related
IncRNAs have also been gradually reported, such
as IncRNA H19, which is a non-coding RNA ex-
pressed by maternal characteristics and has a bi-

phasic effect, such as promoting cancer and sup-
pressing cancer?*,

TP73-ASlI is a recently discovered long-chain
non-coding RNA that is mapped to chromo-
some 1. Scholars'" have shown that TP73-
AS] is highly expressed in lung cancer, and its
high level is associated with poor prognosis in
patients with osteosarcoma. In addition, it has
been found that the abnormal level of TP73-ASlI
is associated with poor prognosis in patients with
renal clear cell carcinoma. In the present study,
we have found through tissue verification that the
level of TP73-AS1 in HCC tissues is conspicuous-
ly higher than that in paracancerous specimens,
and is positively correlated with the pathological
stage and poor prognosis of HCC. Therefore, we
believe that TP73-AS1 may be involved in the
progression of liver cancer. TP73-ASl1 is proved
as a disease-related gene, and experiments were
performed in vitro. Subsequently, CCK-8 and
EDU experiments were performed, and silencing
TP73-AS1 was found to inhibit the proliferation
of HCC cells.

At present, IncRNA exerts its biological func-
tions such as regulation and modification main-
ly by competitively binding miRNA and thereby
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Figure 5. TP73-ASI regulates the expression of miR-103 in hepatocellular carcinoma tissues and cell lines. 4, TP73-ASI1 ex-
pression levels in TP73-AS1 and miR-103 co-transfected cell lines were detected by qRT-PCR. B, EDU assay was used to detect
the effect of co-transfection of TP73-AS1 and miR-103 on cell proliferation of HCC cell lines. C, Flow cytometry assay was used
to detect the effect of co-transfection of TP73-AS1 and miR-103 on cell apoptosis of HCC cell lines. Data are mean = SD, *p<0.05.
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affecting the regulation of its target mRNAZ%%,
Previous studies have predicted through bioin-
formatics analysis that miRNA-103 may interact
with TP73-AS1. MiRNA-103 is a key molecule
in the miRNA family. The results of this work
showed that miRNA-103 was lower expressed in
HCC specimens than in normal tissues and could
inhibit the proliferation of HCC cells**. In the
present research, we used bioinformatics methods
to analyze the TP73-AS1 sequence containing a
miRNA-103 binding site, and verified the combi-
nation of TP73-AS1 and downstream miRNA-103
by molecular biology experiments such as the
bioinformatics and the dual luciferase reporter
gene assay. Meanwhile, the levels of TP73-AS1
and microRNA-103 were just negatively correlat-
ed in HCC cell lines. In addition, we performed
a recovery study in HCC cells and found that
miRNA-103 could counteract the role of IncRNA
TP73-AS1 in HCC cell lines. It was suggested
that InRNA TP73-ASI1 can inhibit miRNA-103
expression so as to promote the proliferation of
HCC cells.

Conclusions

We found that LncRNA TP73-ASl had a high
expression in liver cancer tissues and cells, which
might result in an advanced tumor stage and a
poor prognosis of patients. In addition, TP73-ASI
may prompt the malignant process of this disease
via regulating miRNA-103.
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