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Abstract. emerging evidence suggests that long noncoding 
rnas (lncrnas) serve a key role in malignant transforma-
tion, tumor progression and metastasis. increased expression of 
lncrna p53 upregulated regulator of P53 levels (PurPl) has 
been reported to promote tumorigenicity in colorectal cancer; 
however, the role and potential mechanisms of PurPl in the 
development of liver cancer remain unclear. We employed 
reverse transcription-quantitative polymerase chain reaction 
to detect PurPl and p53 mrna expression in liver cancer 
tissues and cell lines. cell counting Kit-8 and colony-forming 
assays were used to examine the cell proliferation; whereas, 
flow cytometry was applied to detect apoptosis and cell cycle 
progression. p53 expression was detected by western blotting. 
The results revealed that PURPL was significantly upregu-
lated in liver cancer tissues compared with in paracancerous 
tissues, and was associated with tumor differentiation stage 
and tumor size. PurPl was also upregulated in various 
liver cancer cell lines. Silencing of PurPl inhibited liver 
cancer cells proliferation, blocked cell cycle progression, and 
promoted apoptosis. Most importantly, PurPl expression was 
negatively correlated with p53 mrna expression. in summary, 
lncrna-PurPl was proposed to promote cell proliferation in 
liver cancer by regulating the p53 gene. as such, it could serve 
as a potential therapeutic target for the diagnosis and treatment 
of liver cancer.

Introduction

liver cancer is the sixth most common cancer and the 
third most common cause of cancer-associated mortality 
worldwide (1,2). liver resection remains the best therapeutic 
strategy to treat liver cancer, with a 5-year survival rate 

of ~30%. chronic infection with hepatitis B or hepatitis c 
virus is the most common cause of liver cancer (3); however, 
the mechanism underlying the development of the disease 
remain unclear. advancements in molecular technology have 
led to a focus on the molecular mechanism of liver cancer 
progression, and the identification of potential clinically 
relevant factors which may benefit the diagnosis and treatment 
of liver cancer.

long non-coding rnas (lncrnas) are long-chain rna 
molecules of >200 nucleotides in length that do not encode 
for proteins; thus, they have been proposed to be ineffec-
tive (4). numerous studies have reported that lncrnas are 
closely related to the multi-level regulation of gene expression, 
particularly the post-transcriptional regulation of the interac-
tion with micrornas (mirnas), mrnas, or proteins (5-8). 
recent evidence suggests that lncrnas are involved in several 
pathological processes driving cancer, including proliferation, 
apoptosis, metastasis and metabolism (9-13). in particular, 
certain lncrnas have been reported to be critical in the 
progression of liver cancer. lncrna p53 upregulated regulator 
of P53 levels (lncrna-PurPl), an intergenic lncrna, has 
been identified by RNA sequencing in a variety of colorectal 
cancer cell lines. it has been observed to promote the occur-
rence of colorectal cancer by preventing the binding of p53 
to the small p53-stabilizing protein Myb-binding protein 1a 
(MYBBP1a), lowering p53 levels (14). However, to the best of 
our knowledge, no investigations into the role and expression 
of PurPl in liver cancer have been conducted.

The present study reported that PURPL is significantly 
upregulated in liver cancer tissues and cell lines. We also 
demonstrated that PurPl could promote liver cancer cell 
proliferation and cell cycle progression, while inhibiting 
apoptosis via regulation of the p53 gene. These findings may 
provide novel insight into the role of PurPl in the progression 
of liver cancer.

Materials and methods

Tissue collection and cell culture. Primary tumor tissue and 
corresponding adjacent tissue were excised from 71 patients 
(60 males and 11 female; age range: 30-80-years-old) at 
The First Affiliated Hospital of China Medical University 
between december 2016 and May 2018. The isolated tissue 
specimens were placed in a cryotube within 30 min and 
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immediately frozen in a ‑80˚C freezer. All cancerous tissues 
were pathologically diagnosed as liver cancer. Patients did 
not receive preoperative radiotherapy or chemotherapy. all 
individuals provided informed consent and the present study 
was approved by the institutional ethics committee of china 
Medical university. Patients were divided into high- and 
low-PurPl expression groups based on the median value of 
expression.

a total of five liver cancer cell lines, HepG2, Huh7, 
HcclM3, SK-hep1, and Plc/PrF/5, as well as the normal 
liver cell line, l02, were used in this study. HepG2 cells were 
obtained from the chinese academy of Medical Sciences 
(Beijing, china). Huh7, SK-hep1, Plc/PrF/5, HcclM3 
and l02 human cell lines were obtained from the chinese 
academy of Sciences (Shanghai, china). SK-hep1 and l02 
cells were cultured in rPMi 1640 medium (Hyclone; Ge 
Healthcare, logan, uT, uSa). HepG2, Huh7, Plc/PrF/5 and 
HCCLM3 cells were cultured in Dulbecco's Modified Eagle's 
medium (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, 
uSa). Media were supplemented with 10% fetal bovine serum 
and 100 u/ml penicillin and 100 u/ml streptomycin (Hyclone; 
GE Healthcare). All cells were grown at 37˚C in a humidified 
incubator containing 5% co2.

Small interfering RNA (siRNA) and transfection. a total of 
three sirnas for the silencing of PurPl and a negative control 
sirna (si-nc) were designed and synthesized by Shanghai 
GenePharma co., ltd. (Suzhou, china). cell lines cultured in 
six-well plates were transfected with 20 µM sirnas dissolved 
in ddH2o using lipofectamine® 2000 (invitrogen; Thermo 
Fisher Scientific, inc.) and mixed with sirna-PurPl or 
si-nc according to the manufacturer's protocols. after 48 h, 
cells were collected for reverse transcription-quantitative poly-
merase chain reaction (rT-qPcr), western blotting and other 
experiments. The sequences of the sirnas were as follows: 
1#PurPlsirna, 5'-cca cau aca GGG uuc uua aTT 
uua aGa acc cuG uau GuG GTT-3'; 2#PurPlsirna, 
5'-GGa auc Gau cuG uGa Gca uTT auG cuc aca Gau 
cGa uuc cTT-3'; 3#PurPlsirna, 5'-GGc cua cGu Gaa 
uaa uaa uTT auu auu auu cac Gua GGc cTT-3'; and 
si-nc sense, 5'-uuc ucc Gaa cGu Guc acG-3' and si-nc 
antisense, 5'-acG uGa cac Guu cGG aGa aTT-3'. among 
them, 3#PURPLsiRNA with the strongest silencing efficiency, 
was used in subsequent experiments.

RNA extraction and RT‑qPCR. Total rna was extracted from 
clinical patient tissue samples and cultured cells using Total 
rna extractor (Sangon Biotech co., ltd., Shanghai, china) 
according to the manufacturer's instructions. Total rna 
was reverse transcribed into cdna using the GoScript™ 
reverse Transcription Mix and random Primers (Promega 
corporation, Madison, Wi, uSa) according to the the manu-
facturer's instructions. The cDNA was then amplified by qPCR 
using the GoTaqr qPcr Master Mix (Promega corporation) 
according to the manufacturer's instructions on an aBi 
PRISMR 7500 (Applied Biosystems; Thermo Fisher Scientific, 
Inc.) instrument using a two‑step standard PCR amplification 
procedure. The first step (pre‑denaturation) included a cycle 
of 2 min at 95˚C; the second step (PCR reaction) included 
40 cycles of 15 sec at 95˚C and 1 min at 60˚C. Finally, the 

relative expression of PurPl and p53 mrna in tissue and cell 
samples was determined by the 2-ΔΔcq method (15). GaPdH 
was used as a control. The nucleotide sequences of the primers 
for qPcr were as follows: PurPl forward, 5'-TTc Tac cGc 
aaT TcG aTG GaG TcT TG-3', reverse, 5'-GaG Gca GGa 
Gaa TGG cGT Gaa c-3'; p53 forward, 5'-acc GGc Gca caG 
aGG aaG aG-3', reverse, 5'-Gcc Tca TTc aGc TcT cGG 
aac aTc-3'; and GaPdH forward, 5'-cGG aGT TGT TcG 
TaT TcG G-3' and reverse, 5'-Tac TaG ccG aTG aTG Gc 
a TT-3'.

Western blotting. Transfected cells and frozen liver tissues, 
including liver cancer and corresponding adjacent tissues, 
were subjected to western blotting to evaluate p53 protein 
content. cells and tissue samples were lysed for 30 min in 
radioimmunoprecipitation assay buffer (Beyotime institute of 
Biotechnology, Shanghai, china) on ice, the resulting lysates 
were centrifuged at 10,000 x g for 15 min at 4˚C, and the 
protein concentration was measured using a Bicinchoninic 
acid kit (Fdbio Science, Hangzhou, china). Protein samples 
(30 µg) were then separated by conventional electrophoresis at 
70 V, transferred under constant pressure, blocked in 5% skim 
milk, and finally incubated with anti‑p53 (cat. no. 60283‑l‑lg, 
1:1,000) or anti-GaPdH (cat. no. 60004-l-lg, 1 mg/ml), 
ProteinTech Group, chicago, il, uSa) primary antibodies at 
4˚C overnight. The following day, membranes were washed 
with PBS, incubated with a secondary antibody (Goat 
anti-mouse igG, horseradish peroxidase, cat. no. ZB-2305, 
1:10,000, ZSGB-Bio) for 1 h at room temperature, and proteins 
were visualized by chemiluminescence using an ecl kit and 
an ecl western blotting substrate (Pierce; Thermo Fisher 
Scientific, Inc.). Densitometry analysis was performed using 
imageJ software version 1.8.0 (national institutes of Health, 
Bethesda, Md, uSa).

Cell proliferation assays. Transfected HepG2 and Huh7 
cells were seeded in 96-well microtiter plates at a density of 
5x103 cells/well. at 24, 48, 72 and 96 h post-transfection, 10 µl 
cell counting Kit-8 (ccK-8) solution (Beyotime institute of 
Biotechnology) was added to each well and the plates were 
incubated in a 37˚C incubator for 1.5 h. Then, the absorbance 
per well was measured at 450 nm using an automatic micro-
plate reader (BGi, Hong Kong, china).

For the colony-forming assay, each group of cells was 
seeded on a six-well plate at 1x103 cells/well and incubated for 
10 days at 37˚C in 5% CO2. Then, the cells were washed with 
PBS, fixed with paraformaldehyde for 15 min then stained 
with 0.5% crystal violet at room temperature and colonies 
were then counted.

Cell cycle analysis. To investigate the effects of PurPl 
silencing on cell cycle progression, we analyzed the proportion 
of cells in G1, S, and G2 phase using a BD FACSCanto™ flow 
cytometer (Bd Biosciences, Franklin lakes, nJ, uSa). We 
routinely detached cells with trypsin (0.25%) for 5 min at 37˚C, 
centrifuged at 850 x g at 4˚C for 5 min, removed the superna-
tant, resuspended the cells in pre-cooled PBS, and centrifuged 
them again. The supernatant was aspirated, and the cells 
were fixed at 4˚C by adding 1 ml of pre‑cooled 70% ethanol 
and subsequent incubation for 12 h. The next day, following 
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centrifugation (850 x g, 4˚C, 5 min) and washing(PBS), 0.5 ml 
of propidium iodide (Pi) staining solution (Beyotime institute 
of Biotechnology) was added to each group of cell samples, 
which were incubated at 37˚C for 30 min in the dark. Samples 
were then stored on ice until they were detected on the flow 
cytometer (Bd FacScanto™).

Cell apoptosis analysis. in accordance with the manufacturer's 
protocols of an apoptosis kit (dojindo Molecular Technologies, 
inc., Kumamoto, Japan), cells were trypsinized, collected 
(~5x105 cells/group), washed twice with PBS, centrifuged at 
850 x g at 4˚C for 5 min, and then 100 µl of Annexin V buffer 
was added. Then, 5 µl of Pi and 5 µl of annexin V-FiTc 
solution were added to each tube. The tubes were mixed by 

pipetting and incubated at room temperature for 15 min, 
after which 400 µl of annexin V buffer (included in kit) was 
added to each tube and mixed by pipetting. readings were 
obtained on a flow cytometer (BD FACSCanto™) as afore-
mentioned.

Statistical analysis. The results were analyzed using 
GraphPad Prism 5.0 software (GraphPad Software, inc., la 
Jolla, ca, uSa). data are expressed as the mean ± standard 
deviation. differences between two groups were assessed 
using a Student's t-test, whereas differences among multiple 
groups were analyzed using one-way analysis of variance 
followed by the Least Significant Difference test. The relation-
ship between PurPl and p53 expression was analyzed by 

Figure 1. lncrna-PurPl is upregulated in liver cancer tissues and cell lines. (a) reverse transcription-quantitative polymerase chain reaction analysis of 
PurPl expression in 71 pairs of liver cancer and corresponding adjacent non-tumor control tissues. The results were analyzed using via a Student's t-test. 
***P<0.001. (B) Relative expression of PURPL in five liver cancer cell lines (HepG2, Huh7, HCCLM3, SK‑hep1, PLC/PRF/5) and a normal liver cell line (L02). 
The results were analyzed using one‑way analysis of variance followed by the Least Significant Difference test. (C) Division of the 71 patients with liver 
cancer into a high-expression PurPl group (n=36) and a low-expression PurPl group (n=35) based upon levels of median expression. *P<0.05, **P<0.01 and 
***P<0.001 vs. l02. error bars correspond to the standard deviation. PurPl, long noncoding rna p53 upregulated regulator of P53 levels.
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Pearson correlation analysis. The association between PurPl 
expression and the clinicopathological parameters of patients 
was assessed via a c2 test. all experiments were performed 
in triplicate. P<0.05 was considered to indicate a statistically 
significant difference.

Results

LncRNA PURPL is upregulated in liver cancer tissues and cell 
lines. using rT-qPcr, we examined the expression of PurPl 
in 71 patients with liver cancer and several liver cancer cell 
lines. The expression of PURPL was significantly increased 
in cancer tissues than in adjacent tissues (P<0.001; Fig. 1a). 
in addition, PurPl was highly expressed in HepG2 and Huh7 
cells compared with the three other liver cancer cell lines and 
l02 cells (P<0.05; Fig. 1B). To investigate the association of 
PurPl expression with clinicopathological factors of patients, 

the patients were divided into high- (n=36) and low-expression 
(n=35) groups based on PurPl median expression levels 
(Fig. 1c). as presented in Table i, PurPl expression levels in 
patients with liver cancer were closely associated with tumor 
size (P<0.05) and tumor differentiation (P<0.01). These data 
indicated that PURPL is significantly elevated in liver cancer 
patients and may be closely related to the progression of liver 
cancer.

Depletion of lncRNA PURPL suppresses liver cancer cell 
proliferation. To determine whether PurPl regulates the 
proliferative capacity of liver cancer cells, we used three 
different sirnas to silence the PurPl gene in liver cancer 
cells. #3PurPlsirna exhibited the strongest silencing 
efficiency (P<0.05; Fig. 2A and B); thus, #3PURPLsiRNA was 
selected for subsequent experiments. To determine the effect 
of PurPl on proliferation of liver cancer cells, we performed 

Table i. association between lncrna-PurPl expression according to reverse transcription-quantitative polymerase chain 
reaction and conventional clinicopathological parameters in 71 patients with liver cancer.

 number of lncrna-PurPl  lncrna-PurPl 
characteristics patients low expression (%) High expression (%) P-value

Total cases 71 35 36 
age (years)    0.111
  ≥55 29 11 (37.93) 18( 62.07) 
  <55 42 24 (57.14) 18 (42.86) 
Sex    0.705
  Male 60 29 (48.33) 31 (51.67) 
  Female 11 6 (54.56) 5 (45.44) 
Tumor size    0.013a

  ≥5cm 39 14 (35.90) 25 (64.10) 
  <5cm 32 21 (65.63) 11 (34.37) 
HBsag status    0.591
  Positive  57 29 (50.88) 28 (49.12) 
  negative 14 6 (42.86) 8 (57.14) 
Tumor differentiation    0.002b

  High 21 17 (80.95) 4 (19.05) 
  Moderate 30 12 (40.00) 18 (60.00) 
  Poor 20 6 (30.00) 14 (70.00) 
PVTT    0.097
  Yes 10 2 (20.00) 8 (80.00) 
  no 61 33 (54.10) 28 (45.90) 
Serum aFP    0.288
  <20 ng/ml 30 17 (56.67) 13( 43.33) 
  ≥20 ng/ml 41 18 (43.90) 23( 56.10) 
liver cirrhosis    0.350
  Yes 56 26 (46.43) 30 (53.57) 
  no 15 9 (60.00) 6 (40.00) 
Metastasis    0.999
  Yes 7 3 (42.86) 4 (57.14) 
  no 64 32 (50.00) 32 (50.00) 

aP<0.05, bP<0.01.
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a CCK‑8 assay. Silencing of PURPL significantly inhibited 
the proliferation of HepG2 and Huh7 cells compared with 
the control (P<0.05; Fig. 2c and d). in addition, the number 

of clones formed by PURPL‑silenced cells was significantly 
decreased compared with the corresponding controls (P<0.01; 
Fig. 2e and F).

Figure 2. Long noncoding RNA‑PURPL promotes the proliferation of HepG2 and Huh7 cells. (A and B) Efficiency of PURPL knockdown 24 h after trans-
fecting cells with three SI‑PURPL or SI‑NC, as verified by reverse transcription‑quantitative polymerase chain reaction. The results were analyzed using 
one‑way analysis of variance followed by the Least Significant Difference test. (C and D) Effects of PURPL silencing on cell proliferation, as detected by a 
cell counting Kit-8 assay and absorbance measurements. (e and F) effects of PurPl silencing on cell proliferation, as detected by colony-forming assays. 
The results were analyzed using a Student's t-test. *P<0.05, **P <0.01 and ***P<0.001 vs. Si-nc. error bars correspond to the standard deviation. nc, negative 
control; PurPl, p53 upregulated regulator of P53 levels; Si, small interfering rna.
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Depletion of lncRNA PURPL promotes liver cancer cell apop‑
tosis and leads to liver cancer cell cycle arrest. cell apoptosis 
was monitored by flow cytometry. The number of apoptotic 
cells was significantly increased following transfection with 
sirna-PurPl than those transfected with si-nc (P<0.01; 
Fig. 3a and B). regarding cell cycle progression, PurPl 
knockdown induced G1 phase arrest of liver cancer cells; 
siRNA‑PURPL transfection resulted in a significant decrease 

in the number of cells in S phase compared with the control 
(P<0.05; Fig. 3c and d). collectively, these results suggested 
that PurPl knockdown may induce G1 phase arrest and 
promote liver cancer cell apoptosis.

LncRNA PURPL inhibits p53 expression in liver cancer. p53 
can be modulated by lncrnas to regulate cancer cell progres-
sion and PurPl has been reported to inactivate p53 protein in 

Figure 3. long noncoding rna-PurPl inhibits HepG2 and Huh7 apoptosis and promotes cell cycle progression. effect of PurPl silencing on apoptosis and 
cell cycle progression of HepG2 and Huh7 cells, as determined by flow cytometry. (A and C) Representative flow cytometry plots and (B and D) corresponding 
quantification are presented. All results were analyzed using a Student's t‑test. NS, not significant. *P<0.05 and **P<0.01. error bars correspond to the standard 
deviation. nc, negative control; PurPl, p53 upregulated regulator of P53 levels; Si, small interfering rna.
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colorectal cancer (14). To improve understanding of the role of 
PurPl in liver cancer, we used western blotting to measure 
the expression levels of p53 in liver cancer cells. The results 
revealed that p53 was significantly upregulated in HepG2 and 
Huh7 cells transfected with sirna-PurPl compared with 
si-nc (P<0.01; Fig. 4a and B). Western blotting and rT-qPcr 
of liver cancer tissues demonstrated downregulation of p53 
in tumor tissue compared with paracancerous tissues in four 
randomly selected late-stage liver cancer patients, at the protein 
and mrna levels (P<0.05; Fig. 4c and d). additionally, 

relative p53 mrna expression was negatively correlated with 
PurPl expression in all 71 patients (P<0.001; Fig. 5). These 
results indicate the role of PurPl as an oncogene that may be 
partially responsible for inducing p53 in liver cancer.

Discussion

aggressive tumor invasion, metastatic dissemination, recur-
rence, and drug resistance are characteristic of patients with 
liver cancer (16-19). Thus, research on liver cancer has focused 

Figure 4. long noncoding rna-PurPl inhibits p53 expression. (a and B) expression of p53 protein in HepG2 and Huh7 cells transfected with Si-PurPl 
or Si-nc. GaPdH was used as internal control. (c) p53 protein expression in liver extracts obtained from four patients with advanced liver cancer. (d) p53 
mrna expression, as determined reverse transcription-quantitative polymerase chain reaction, in liver extracts from the same four advanced liver cancer 
patients. all results were analyzed using a Student's t-test. *P<0.05 and **P<0.01. error bars correspond to the standard deviation. nc, negative control; PurPl, 
p53 upregulated regulator of P53 levels; Si, small interfering rna.
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on identifying genes that induce hepatocarcinogenesis and 
promote the development of liver cancer, for which targeted 
drugs and molecular markers capable of early diagnosis could 
be developed. increasing evidence suggests that aberrant 
expression of lncrna serves a key role in the development 
and progression of liver cancer. For example, lncrna-ccal 
promotes liver cancer progression by modulating aP-2α and 
Wnt/β-catenin pathways, lncrna-Hulc promotes liver 
cancer by increasing the expression of the high mobility 
group aT-hook 2 oncogene and sequestration of mirna-186; 
lncrna-TSlnc8 serves as a tumor suppressor that inac-
tivates the interleukin-6/signal transducer and activator or 
transcription 3 signaling pathway in liver cancer (20-22).

lncrna-PurPl is highly expressed in colorectal cancer 
and serves an important role in carcinogenesis. The present 
study analyzed the expression of PurPl by rT-qPcr and 
revealed that PurPl was highly expressed in liver cancer 
tissues and numerous cell lines. Furthermore, the upregulated 
expression of PurPl was positively associated with tumor 
size and tumor differentiation in patients with liver cancer. in 
addition, silencing of PurPl expression could inhibit liver 
cancer cell proliferation, arrest cell cycle progression and 
promote cell apoptosis.

The p53 gene was first described in 1979 (23). It serves an 
important role in the occurrence and development of various 
tumors via the control of dna damage repair, apoptosis and 
cell cycle regulation (23,24). Several proteins, mirnas and 
lncrnas have been reported to affect the occurrence and 
development of liver cancer by regulating the p53 gene (25-29).

in recent years, numerous studies have investigated on 
the role of lncrnas in liver cancer and p53 gene regulation. 
For example, Zhou et al (30) reported that p53 regulation 
associated lncrna inhibited liver cancer growth and induced 
apoptosis in vivo and in vitro via p53. ren et al (31) reported 
that lncrna prostate-cancer-associated ncrna transcript-1 
expression could be regulated by mir-215, a p53-inducible 
mirna in liver cancer, and this post-transcriptional regula-
tion significantly affected a variety of malignant phenomena 
of liver cancer cells. additionally, Zhang et al (32) revealed 
that lncrna-small nucleolar rna host gene was a predictor 

of poor prognosis and promoted liver cancer tumorigenesis 
by regulating p53. in colorectal cancer, PurPl inhibits p53 
gene expression by blocking the interaction between p53 and 
MYBBP1a (14). Whether PurPl inhibits the p53 gene via 
MYBBP1a or through other mechanisms of action requires 
further investigation.

in conclusion, our data demonstrated that PurPl is 
upregulated in liver cancer tissues, and is associated with 
tumor size and tumor differentiation. Silencing of PurPl 
could inhibit the proliferation of liver cancer cells, block 
cell cycle progression and promote apoptosis. Furthermore, 
PurPl may affect these malignant features of liver cancer 
cells by regulating p53. in this regard, we elevated the expres-
sion of PurPl in liver cancer cell lines, however this failed 
to alter the malignant characteristics of liver cancer cells (data 
not shown). Our future studies aim to investigate the specific 
mechanisms whereby PurPl affects the development of liver 
cancer. collectively, lncrna-PurPl was proposed to exert 
an important carcinogenic effect on liver cancer, and may 
be a potential predictor and a novel therapeutic target for the 
treatment of this disease.
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