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Abstract. The effects of long intergenic non-coding ribo-
nucleic acid (lincRNA)-p21 targeting hypoxia-inducible 
factor-1α (HIF-1α) on proliferation, apoptosis and migration 
of liver cancer cells were investigated. MHCC97H liver 
cancer cells were infected with control lentivirus (control 
group) and lincRNA-p21 lentivirus (observation group), and 
control stable cell lines and lincRNA-p21 stable cell lines 
were screened and obtained by using puromycin. The expres-
sion levels of lincRNA-p21 messenger RNA (mRNA) in the 
control and observation groups were analyzed via reverse tran-
scription-quantitative polymerase chain reaction (RT-qPCR). 
Bioinformatics was used to search for the lincRNA-p21 target. 
The expression of target gene was analyzed via western blot-
ting, and the proliferation, apoptosis, migration and in vivo 
tumor formation of MHCC97H  cells in the control and 
observation groups were also analyzed. Compared with that 
in control group, the lincRNA-p21 mRNA level in observation 
group was increased significantly (P<0.05). It was found via 
bioinformatic comparison that HIF-1α was one of the targets 
of lincRNA-p21. Results of Western blotting revealed that the 
expression level of HIF-1α protein in cells in observation group 
was significantly downregulated (P<0.05). Besides, the level of 
vascular endothelial growth factor (VEGF) protein in cells in 
control group was obviously higher than that in observation 
group (P<0.05). Compared with those in control group, the cell 
proliferation and migration capacities in observation group 
were markedly reduced, but the apoptosis level was signifi-
cantly increased (P<0.05). According to the in vivo tumor 

formation assay, the cell proliferation rate in control group was 
obviously higher than that in observation group (P<0.05). The 
number of tumor blood vessels in cells in control group was 
obviously reduced compared with that in observation group 
(P<0.05). lincRNA-p21 can significantly downregulate the 
level of HIF-1α, thus downregulating the expression of VEGF 
and affecting the cell proliferation, apoptosis and migration.

Introduction

Liver cancer is one of the common malignant tumors in clinic, 
and it is a tumor that affects human health. In particular, 
primary liver malignant tumors, which originate from the 
epithelial or mesenchymal tissues of the liver, are high-risk 
malignant tumors in China. Investigating the pathogenesis 
of liver cancer from the molecular perspective is currently 
a hot spot in clinical research. At present, many proteins 
and RNAs have been found to play an important role in the 
occurrence, development and metastasis of liver cancer (1-3). 
Long non-coding ribonucleic acid (lncRNA) is an RNA that 
is over 200 nucleotides in length, does not encode a protein, 
and accounts for  over 80% of the total gene (4,5). Current 
studies have found that lncRNA plays an important role in 
the proliferation, apoptosis and migration of tumor cells (6,7). 
Long intergenic non-coding RNA (lincRNA)‑p21 of 3.1 kb 
in length is one of the lncRNAs, which is transcribed from 
the antisense strand of p21, and its sequence is highly 
conserved (8). The low expression level of lincRNA-p21 is 
closely related to the staging of liver cancer, and can be used 
to predict the survival time of patients with liver cancer (9). 
Thus, it can be seen that lincRNA-p21 is of great significance 
in the occurrence of liver cancer. In this study, the effects of 
lincRNA-p21 overexpression on the biological behavior of 
liver cancer cells were analyzed at the cellular and animal 
levels in vitro.

Materials and methods

General materials and instruments. The MHCC97H liver 
cancer cell line was purchased from the American Type Culture 
Collection (Manassas, VA, USA). lincRNA-p21 lentivirus 
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and control lentivirus with a titer of approximately 1014 were 
packaged by Shandong Weizheng Biotechnology Co., Ltd. 
(Shandong, China). Bab/c nude mice, aged 6-8 weeks, were 
purchased from Beijing Vital River Laboratory Animal 
Technology Co., Ltd. (Beijing, China). The 2X SYBR-Green 
quantitative polymerase chain reaction (qPCR) Mix, reverse 
transcription kit and RNA extraction kit were purchased 
from Nanjing Vazyme Biotech Co., Ltd. (Nanjing, China). 
Mouse anti-human hypoxia-inducible factor-1α (HIF-1α) 
monoclonal antibody was purchased from Santa  Cruz 
Biotechnology (cat.  no.  sc-53546; Santa Cruz, CA, USA). 
Vascular endothelial growth factor (VEGF) enzyme-linked 
immunosorbent assay (ELISA) kit was purchased from 
R&D Systems, Inc. (Minneapolis, MN, USA). Horseradish 
peroxidase  (HRP)‑labeled goat anti-mouse secondary 
polyclonal antibody was purchased from Hangzhou HuaAn 
Biotechnology Co., Ltd. (HuaBio) (cat.  no.  HA1006; 
Hangzhou, China). Cell Counting Kit-8 (CCK-8) reagent 
was purchased from Dojindo (Kumamoto, Japan). Real-time 
PCR amplification instrument was purchased from Bio-Rad 
Laboratories, Inc. (Hercules, CA, USA). SuPerMax 3000FA 
Multi-function Microplate Reader was purchased from 
Shanghai Flash Spectrum Biological Technology Co., Ltd. 
(Shanghai, China).

The study was approved by the Ethics Committee of 
Sun Yat-sen Memorial Hospital, Sun Yat-sen University 
(Guangzhou, China).

Construction of lincRNA-p21 overexpression stable cell lines. 
After 1x104 MHCC97H cells were inoculated into a 6-well plate 
and adhered to the wall, the empty vector- and lincRNA‑p21 
overexpression vector-packaged viruses were used to infect 
cells. After infection for 48  h, the original medium was 
replaced with fresh medium. Then unsuccessfully infected 
cells were killed by using 1 µg/ml puromycin, while infected 
cells continued to be cultured to restore their normal condi-
tions, followed by amplification. The lincRNA-p21 expression 
level was detected via reverse transcription-quantitative poly-
merase chain reaction (RT-qPCR).

Establishment of RT-qPCR system. Control cell lines and 
lincRNA‑p21 overexpression cell lines were collected, and 
RNA was extracted with TRIzol (Thermo Fisher Scientific, 
Inc., Waltham, MA, USA) and reverse transcribed into the 
complementary deoxyribonucleic acid (cDNA) by using the 
RNA extraction kit and reverse transcription kit. The 
l i n c R NA‑ p21  p r i m e r s  we r e  d e s ig n e d :  21- F, 
5 ' -T T C AC T C T G T C C AG G T T G -3 '  a n d  21 - R , 
5 ' - G A A AC T TAT C C C T G AC C C -3 ' ;  G A P D H - F, 
5'-AGAAGGCTGGGGCTCATTTG-3' and GAPDH-R, 
5'-AGGGGCCATCCACAGTCTTC-3'. Glyceraldehyde-
3‑phosphate dehydrogenase (GAPDH) was used as an internal 
reference. PCR system was 21  µl in total, including 8  µl 
distilled water, 10 µl 2X SYBR-Green qPCR Mix, 1 µl 21-F, 
1 µl 21-R, and 1 µl cDNA. Then PCR was set as: 94˚C for 
1 min, 94˚C for 1 min, 58˚C for 30 sec, 72˚C for 30 sec, a total 
of 40 cycles. After the end of PCR, agarose gel electrophoresis 
was performed directly in the PCR system, and the quantita-
tive results were read directly on the instrument using the 
2-ΔΔCq method (10).

Analysis of HIF-1α protein expression via western blotting. 
After 1x106  control cell lines and 1x106  lincRNA-p21 
overexpression cell lines in the exponential growth phase 
were collected, and they were centrifuged at 3,000 x g for 
5 min at 4˚C. The supernatant was discarded, and cells were 
washed once with phosphate-buffered saline (PBS). The cell 
sediment was lysed on ice with cell lysis buffer for 30 min, 
then 5X  loading buffer was added into the cells, and the 
mixture was boiled for 10 min and centrifuged at 12,000 x g 
and 20˚C for 5 min, followed by 10% sodium dodecyl sulfate 
polyacrylamide gel electrophoresis (SDS-PAGE) under the 
voltage of 120 V  8 µl per lane. After electrophoresis, the target 
protein was transferred onto a polyvinylidene fluoride (PVDF) 
membrane, sealed with 5% skim milk powder for 30 min, and 
incubated with HIF-1α and β-actin antibodies (1:800) for 12 h. 
The next day, the protein was washed with PBS-Tween-20 
3  times (5 min/time), and incubated with goat anti-mouse 
secondary antibody (1:1,000) at room temperature for 1 h. 
Finally, a PVDF membrane was coated with luminescent 
solution (Beyotime, Shanghai, China) for image development. 
The gray value of the target protein band was scanned by 
Quantity One software (Bio-Rad Laboratories, Inc., Hercules, 
CA, USA), and the expression intensity was indicated by the 
ratio of the target protein band to β-actin band.

Transwell assay for cell migration. After digestion of the 
control cell lines and lincRNa-p21 overexpression cell lines, 
the cell density was adjusted to 5x105 cells/ml and inoculated 
into the Transwell upper chamber at 100 µl/well. Then, normal 
fresh medium was added to the lower chamber, incubated in a 
37˚C 5% CO2 incubator for 24 h. Then the cells were fixed with 
paraformaldehyde. After that, the cells in the upper chamber 
were removed, stained with crystal violet (Sigma-Aldrich; 
Merck KGaA, Darmstadt, Germany), and washed with tap 
water after 5 min. The Transwell membrane was dried at 
room temperature, and then, the invasive ability of the control 
and observation groups was observed under a microscope 
(Olympus, Tokyo, Japan).

Detection of cell proliferation via CCK-8. The concentra-
tions of control cell lines and lincRNA-p21 overexpression 
cell lines were adjusted into 5x105 cells/ml, and the cells were 
inoculated into a 96-well plate (100 µl per well). Then, 10 µl 

Figure 1. Comparison of lincRNA-p21 mRNA level in cells between the 
control and observation groups. lincRNA, long intergenic non-coding ribo-
nucleic acid. *P<0.05.
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CCK-8 solution was added into each well at 12, 24, 36, 48 
and 60 h, and the culture plate was incubated for 3 h at 37˚C, 
after which the absorbance of each well was measured at a 
wavelength of 450 nm by using a microplate reader to analyze 
cell proliferation.

In  vivo tumor formation assay and analysis of number 
of blood vessels. Control cell lines and lincRNA-p21 
overexpression cell lines in the exponential growth phase 

were digested with trypsin, centrifuged to remove trypsin, and 
washed once with PBS. Then the cell density was adjusted 
to 1x108 cells/ml, and inoculated onto the fat pad under left 
axilla of nude mice (100 µl per mouse). The tumor could be 
seen at 10 days after inoculation, and at that time the tumor 
length and width were measured by using a vernier caliper, 
and the tumor volume was calculated by using the formula. 
V  (mm3) = 1/2 x  length x width2. The tumor tissues were 
sectioned, and the number of tumor vessels was analyzed via 
immunohistochemistry

Tumor vascular analysis. The tumor tissues were fixed with 
4% paraformaldehyde at 4˚C for 24 h, embedded in paraffin, 
then sectioned. The slice, 8  µm thick, was dewaxed and 
hydrated, and  0.01 M citrate buffer was added to boil for 
10 min for the repair of antigen. The endogenous catalase 
was removed by treatment with 0.3% hydrogen peroxide for 
30 min at room temperature. The tissue was blocked with 
10% goat serum for 30 min, and the rabbit anti-mouse CD31 
primary antibody (1:100) was diluted with blocking buffer. 
Then, it was incubated at 4˚C for 12 h and washed 3 times with 
PBS for 5 min each time. Then, HRP-labeled goat anti-rabbit 
secondary antibody was diluted (1:1,000) with blocking buffer, 
incubated at room temperature for 12 h and washed 3 times 
with PBS for 5 min each time. DAB staining was performed, 

Figure 2. Expression levels of (A) HIF-1α and (B) VEGF in the control and observation groups. HIF-1α, hypoxia-inducible factor-1α; VEGF, vascular endothelial 
growth factor. *P<0.05.

Figure 3. Comparison of cell proliferation capacity between the control and 
observation groups. *P<0.05.

Figure 4. Effect of lincRNA-p21 on invasion capacity of liver cancer cells. The migrated cells in the control and observation groups (magnification, x200). 
*P<0.05 indicates that the difference was statistically significant. lincRNA, long intergenic non-coding ribonucleic acid.
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and the nucleus was stained with hematoxylin. The slice was 
sealed with neutral resin, and the number of tumor vessels was 
analyzed via immunohistochemistry.

Statistical analysis. Statistical Product and Service Solutions 
(SPSS) 13.0 software (SPSS, Inc., Chicago, IL, USA) was 
used for analysis. Measurement data are presented as 
mean ± standard deviation. Student's t-test was used for the 
comparison of measurement data. P<0.05 indicates that the 
difference was statistically significant.

Results

Construction of lincRNA-p21 overexpression liver cancer cell 
lines. MHCC97H liver cancer cell lines were infected with 
lentivirus expressing lincRNA-p21, and the empty vector was 
used as the control. After 48 h of cell infection, the uninfected 
cells were killed using puromycin, and the surviving cells 
were successfully infected. Then the expression level of 
lincRNA‑p21 mRNA was analyzed via RT-qPCR. The 
results revealed that compared with that in the control group 
(1.32±0.23), the expression level of lincRNA-p21 mRNA in the 
observation group was significantly increased (8.39±1.09), and 
there was a statistically significant difference (P<0.05) (Fig. 1).

Effects of lincRNA-p21 on expression of HIF-1α and VEGF 
in liver cancer cells. It was found via bioinformatics that 
HIF-1α may be a target gene of lincRNA-p21. Western blotting 
analysis showed that compared with that in control group, the 
expression level of HIF-1α in cells in the observation group 
was significantly downregulated, and the difference was 
statistically significant (P<0.05). Furthermore, the VEGF 
expression level in cells was analyzed via ELISA, and results 
showed that compared with that in the control group, the 
expression level of VEGF in cells in the observation group was 
also obviously downregulated, and there was a statistically 
significant difference (P<0.05) (Fig. 2).

Effect of lincRNA-p21 on proliferation of liver cancer cells. 
According to the CCK-8 results, compared with that in the 
control group, the cell proliferation capacity at each time‑point 
in the observation group was obviously reduced, and the 
difference was statistically significant (P<0.05) (Fig. 3).

Effect of lincRNA-p21 on invasion of liver cancer cells. 
The invasion capacity of MHCC97H cells was analyzed via 
Transwell assay. The cell invasion capacity in the control 
group (287.32±35.12) was markedly increased compared with 
that in the observation group (49.33±9.84), showing a statisti-
cally significant difference (P<0.05) (Fig. 4).

Effect of lincRNA-p21 on in vivo tumor formation of liver 
cancer cells. To further verify the effect of lincRNA-p21 
overexpression on the tumor formation capacity of liver cancer 
cells, control cell lines and lincRNA-p21 overexpression 
cell lines were inoculated subcutaneously in mice. Results 
showed that the tumor growth rate of control cell lines was 
obviously higher than that of cells in the observation group, 
and the difference was statistically significant (P<0.05). 
Compared with that in the control group, the number of blood 
vessels in tumor tissues of mice in the observation group was 
significantly reduced, and there was a statistically significant 
difference (P<0.05) (Fig. 5).

Discussion

LincRNA-p21 is a tumor suppressor involved in the progression 
and recurrence of a variety of tumors (11-14). Current studies 
have found that lincRNA-p21 is significantly downregulated in 
non-small cell lung cancer tissues, which is not associated with 
p53 gene mutation (15). It has also been reported that compared 
with that in normal colon tissues, lincRNA-p21 is significantly 
downregulated in colon cancer tissues, and p53 gene mutation 
has no correlation with lincRNA-p21, either (16). Studies have 
revealed that the expression level of lincRNA-p21 in liver 
cancer tissues is obviously decreased, and the high expression 
of lincRNA-p21 can inhibit tumor infiltration through medi-
ating epithelial-mesenchymal transition by Notch signaling 
pathway. In this study, it was also found that the expression 
level of lincRNA-p21 in liver cancer tissues was significantly 
downregulated, and correlation analyses manifested that 
the expression level of lincRNA-p21 was closely related to 
tumor vessels. How lincRNA-p21 regulates tumor vessels is a 
pending question.

The possible targets of lincRNA-p21 were analyzed via 
bioinformatics, and results indicated that HIF-1α might be 
one of the targets of lincRNA-p21. HIF-1α is one of the HIF, 
which can initiate the transcription of many target genes 
under hypoxic conditions, and play an important role in cell 
tissue development, physiological stress and pathological 
process (17,18). In solid tumors, HIF-1α is activated due to acidic 
and low-oxygen environment in tumor tissues, thus activating 
the downstream effector molecule VEGF. VEGF can promote 
neovascularization, providing necessary conditions for tumor 
growth and metastasis  (19,20). In this study, lincRNA-p21 
was overexpressed in the highly metastatic liver cancer cell 
line MHCC97H. Results revealed that the expression levels 
of HIF-1α protein and VEGF were obviously downregulated, 
indicating that HIF-1α is one of the targets of lincRNA-p21, 
and the downregulation of HIF-1α leads to decrease of VEGF 
level. In addition, it was demonstrated that overexpression 
of lincRNA-p21 remarkably inhibited the proliferation of 
MHCC97H cells and reduced the cell invasion capacity. In 
in vivo tumor formation assay, the growth rate of cells with 

Figure 5. Effect of lincRNA-p21 on in vivo tumor formation of liver cancer 
cells. *P<0.05. lincRNA, long intergenic non-coding ribonucleic acid.
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lincRNA-p21 overexpression in vivo significantly declined, 
which was consistent with the in vitro experimental result.

In conclusion, lincRNA-p21 can reduce the VEGF level 
through targeting HIF-1α, thereby inhibiting cell proliferation 
and invasion capacities.
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