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Background: Glioma is one of the most common malignancies of the central nervous system 

in adults. The lncRNA PTEN pseudogene-1 (PTENP1) has been reported to play an impor-

tant role in the development and progression of various cancers. However, the molecular 

mechanism by which lncRNA PTENP1 affects the development and progression of gliomas 

remains unclear.

Materials and methods: The levels of PTENP1 expression in glioma tissues and normal 

brain tissues were detected by quantitative real-time PCR. Cell Counting Kit-8 and 5-ethynyl-

2′-deoxyuridine staining assays were performed to detect cell proliferation. Flow cytometry 

was used to analyze cell cycle progression. Transwell assay and scratch test were used to 

detect cell migration and invasion, and Western blot studies were performed to detect protein 

expression.

Results: Our results showed that expression of lncRNA PTENP1 was decreased in 

glioma tissues when compared with normal brain tissues. Overexpression of PTENP1 

suppressed SHG44 and U251 cell proliferation and significantly decreased the num-

bers of S-phase cells. Furthermore, the invasion and migration abilities of SHG44 and 

U251 cells were reduced after being transfected with a PTENP1 overexpression plasmid. 

Overexpression of PTENP1 induced the expression of p21 protein and suppressed the p38 

signaling pathway.

Conclusion: Our study investigated the function of PTENP1 in glioma and provided new 

insights for treating that malignancy.
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Background
Glioma is the most common malignant tumor of the adult central nervous system (CNS). 

According to the statistical data provided by the Central Brain Tumor Registry of the 

US, gliomas account for 28% of all CNS tumors and approximately 80% of malignant 

intracranial tumors.1 While the cause of glioma remains unclear, increasing evidence 

suggests that glioma occurrence and progression are associated with abnormal epige-

netic regulation. Recent studies revealed that lncRNA plays a key role in the initiation 

and development of glioma via an epigenetic regulation mechanism.

LncRNA is a type of noncoding RNA with a length exceeding 200 nucleotides and 

locates in both the cell nucleus and cytoplasm.2 In recent years, lncRNA has gained 

widespread attention for its potential role in tumor regulation.3–5 The well-known 

lncRNA, metastasis-associated lung adenocarcinoma transcript 1 (MALAT-1), is highly 

expressed in ovarian carcinomas and may sponge miR-211 as a competing endogenous 

RNA. This effect may upregulate PHF19 expression and thereby facilitate ovarian 

carcinoma progression.6 Phosphatase and tensin homologue (PTEN) is a known 
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tumor suppressor.7 Inactivation or dysregulation of PTEN can 

cause overactivation of the AKT/FOXO1 signaling pathway, 

and the subsequent initiation of colorectal cancer.8 LncRNA 

PTEN pseudogene-1 (PTENP1) is the pseudogene of PTEN 

and acts as a tumor suppressor. It is highly homologous to 

PTEN, as it shares a 98% sequence identity with the PTEN 

mRNA sequence.9,10 However, the expression levels and 

biological function of PTENP1 in gliomas have not yet been 

elucidated. MAPK is a serine/threonine protein kinase that 

plays an important role in human cancers. In human breast 

cancer, PTENP1 downregulates the phosphorylation of p38 

MAPK protein, which indicates that PTENP1 can regulate the 

proliferation and migration of breast cancer cells by regulat-

ing the p38 MAPK signaling pathway.11 Moreover, p21 is an 

important cell cycle regulator. While p21 inhibits CDK2,12 

it also plays essential positive roles by stabilizing cyclin 

D-CDK4 complexes and allowing their nuclear import.13 

However, it remains unknown whether lncRNA PTENP1 can 

regulate the p38 MAPK and p21 pathways to control the pro-

liferation and migration of glioma cells. Here, we evaluated 

the possible function of PTENP1 and found that it acts as a 

tumor suppressor due to its ability to induce p21 expression 

and suppress the p38 MAPK pathway in gliomas.

Materials and methods
Tissue collection
Tissue samples from 13 low-grade gliomas (LGGs; nine 

grade I and four grade II tumors) and 10 high-grade gliomas 

(four grade III and six grade IV tumors) were obtained from 

the Department of Neurosurgery at the Affiliated Cancer 

Hospital & Institute of Guangzhou Medical University. The 

glioma specimens were verified and classified according 

to the WHO Classification of Tumors by two experienced 

clinical pathologists. Six samples of normal brain tissue 

were obtained from patients with mechanical brain injuries. 

Those tissues were also collected from the Department of 

Neurosurgery at the Affiliated Cancer Hospital & Institute 

of Guangzhou Medical University. The study protocol was 

approved by the Institutional Review Board of the Affili-

ated Cancer Hospital and Institute of Guangzhou Medical 

University. Written informed consent was obtained from all 

patients, and the Ethics Committee of the hospital approved 

the study protocol.

cell culture and transfection
SHG44 and U251 human glioma cells were purchased from 

the American Type Culture Collection (ATCC; Manassas, 

VA, USA) and cultured in high-glucose DMEM (Thermo 

Fisher Scientific, Waltham, MA, USA) supplemented with 

10% FBS (Thermo Fisher Scientific) at 37°C with 5% CO
2
. 

The cells were passaged every 2–3 days, and cells in their 

log growth phase were used in this study.

A PTENP1 overexpression plasmid (pcDNA3.0-PTENP1), 

control plasmid (pcDNA3.0), and siRNA (siPTENP1) 

were purchased from Vipotion (Guangzhou, People’s 

Republic of China). At 24 hours before transfection, 

1×104 cells were cultured in a 12-well culture plate. When 

cell confluence reached 50%–70%, PTENP1 recom-

binant plasmids, control plasmids, or siPTENP1 were 

diluted in serum-free culture medium to a concentra-

tion of 100 nmol/L. Next, a 1 mL aliquot of transfection 

medium was mixed with Lipofectamine 2000 and used 

for transfection according to a standardized protocol. 

After 4 hours of transfection, the transfection medium 

was replaced with fresh standard culture medium.

Fluorescence-based quantitative 
real-time Pcr
TRIzol reagent was used to extract the total RNA from 

glioma tissues and cells, respectively. A 1 µg sample of total 

RNA was mixed with 0.5 µL of reverse transcriptase and 

0.5 µL of primer in a 10 µL reaction mixture, after which 

reverse transcription was performed for 10 minutes at 98°C 

followed by 60 minutes at 37°C. Next, 1 µL of the resulting 

cDNA was mixed with 1 µL of specific primers in a 20 µL 

total reaction volume and treated according to the following 

protocol: denaturation at 94°C for 2 minutes, followed by 

40 cycles of heating at 94°C for 20 seconds, 58°C for 20 

seconds, and 72°C for 30 seconds. The relative levels of 

gene expression were normalized to those for GAPDH. Each 

quantitative PCR analysis was performed on an Applied 

Biosystems 7500 Sequence Detection system (Thermo 

Fisher Scientific), and the 2−∆∆Ct method was used to quan-

tify the resulting data. The primers used for PTENP1 were 

5′-TCAGAACATGGCATACACCAA-3′ (forward) and 

5′-TGATGACGTCCGATTTTTCA-3′ (reverse), and those 

used for GAPDH were 5′-ACACCCACTCCTCCACCTTT-3′ 
(forward) and 5′-TTACTCCTTGGAGGCCATGT-3′ 
(reverse). The experiment was performed in triplicate.

cell proliferation
Cell proliferation was detected by using the Cell Counting 

Kit-8 (CCK-8) assay and 5-ethynyl-2′-deoxyuridine (EdU) 

staining method. SHG44 and U251 cells were trypsinized 
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and resuspended in culture medium. Next, 100 µL of cell 

suspension containing 1×104 cells was placed in each well 

of a 96-well plate, after which 10 µL of CCK-8 medium was 

added to each well. At the predetermined time point, the cell 

culture medium was discarded and the absorbance of each 

well was detected at 570 nm. The mean absorbance value of 

each experimental group was recorded.

The EdU incorporation assay was performed using a Cell-

Light™ EdU Apollo® 567 In Vitro Imaging Kit (RiboBio, 

Guangzhou, People’s Republic of China) according to the 

manufacturer’s instructions. Briefly, cells were cultured with 

100 µL of EdU (50 µM) for 2 hours and then fixed with 4% 

paraformaldehyde for 30 minutes at 37°C. The cells were 

then washed twice with PBS containing 0.5% Triton X-100 

in a decolorization shaker. Next, 100 µL of Apollo 567 stain 

reaction buffer was added, and the cells were incubated for 

30 minutes while being shielded from light. The cells were 

then stained with 100 µL of DAPI (1 mg/mL) for 30 minutes 

at room temperature. The images of the cells were captured 

using a fluorescence microscope (Olympus Corporation, 

Tokyo, Japan), and the percentage of EdU-positive cells 

was calculated using the formula: EdU add-in cells/DAPI-

stained cells ×100%.

cell cycle analysis
After transfection, cells were harvested and the concentration 

was adjusted to 1×106 cells/mL. They were then treated with 

reagents provided in a CycleTEST PLUS DNA Reagent Kit 

(Becton Dickinson, Franklin Lakes, NY, USA) according 

to the manufacturer’s instructions. Cell cycle status was 

analyzed by flow cytometry and using propidium iodide (PI) 

as a specific fluorescent dye probe. The PI fluorescence inten-

sity of 10,000 cells was measured for each sample using a 

FACScan flow cytometer (Becton Dickinson).

in vitro invasion studies
The Transwell inserts were coated with a layer of Matrigel, 

and cells that had been transfected in FBS-free medium for 

24 hours were cultured on the insert membrane. A complete 

cell culture medium containing FBS was added to each 

lower chamber, and the Transwell plates were incubated 

for 72 hours in a 37°C incubator containing 5% CO
2
. After 

incubation, the cells were fixed and stained for imaging and 

counting. Four microscopic fields for each chamber were 

randomly selected for viewing, and IPP software was used 

to count the number of cells that had passed through each 

insert membrane.

scratch test
SHG44 and U251 cells in their log growth phase were pas-

saged and transferred into the wells of a six-well plate at 

a density of 5×105 cells/mL. The cells were then cultured 

for 48 hours in a 37°C incubator with 5% CO
2
. Straight 

scratches were created on the bottom of the wells with a 10 µL 

pipette tip. PBS solution was used to wash off suspending 

cells, and the remaining cells were cultured in serum-free 

medium for another 48 hours. A MOTIC inverted microscope 

was used for observation and photography, and IPP software 

was used to analyze the width of the scratches.

statistical analyses
All experiments were performed in triplicate, and results 

are presented as mean ± SD. All statistical analyses were 

performed using IBM SPSS Statistics for Windows, Ver-

sion 19.0 (IBM Corporation, Armonk, NY, USA). One-way 

ANOVA or unpaired Student’s t-test was used to analyze 

the statistical significance of differences between groups. 

P-values ,0.05 were considered statistically significant.

Results
lncrna PTenP1 expression was 
decreased in glioma tissues
To investigate how lncRNA PTENP1 functions in glioma, 

we first detected the levels of lncRNA PTENP1 expression 

in glioma tissues. Our quantitative real-time PCR results 

showed that lncRNA PTENP1 expression was decreased 

in the glioma tissues when compared with its expression 

in normal brain tissue (Figure 1A). We also investigated 

the relationship between lncRNA PTENP1 expression and 

the degree of glioma malignancy and found that lncRNA 

PTENP1 was expressed at lower levels in glioblastoma 

multiforme patients when compared with LGG patients 

(Figure 1B). This result suggested that lncRNA PTENP1 

may play an important role in glioma.

elevated lncrna PTenP1 expression 
inhibited the proliferation of glioma cells
To further investigate how lncRNA PTENP1 functions 

in glioma, the lncRNA PTENP1 overexpression plasmid 

pcDNA3.0-PTENP1 was transfected into glioma cells. 

A subsequent analysis showed that PTENP1 expression was 

significantly increased in SHG44 and U251 cells after they 

had been transfected with pcDNA3.0-PTENP1. Furthermore, 

expression of lncRNA PTENP1 in PTENP1-transfected cells 

was altered after transfection with siPTENP1 (Figure 2A). 
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CCK-8 assay and EdU staining results showed that over-

expression of PTENP1 suppressed the proliferative abili-

ties of SHG44 and U251 cells, and the suppressive effect 

of PTENP1 was decreased after siPTENP1 transfection 

(Figure 2B–D). These results revealed that elevated lncRNA 

PTENP1 levels could suppress the proliferation of SHG44 

and U251 cells.

Upregulation of lncrna PTenP1 induced 
cell cycle arrest in glioma cells
SHG44 and U251 cells were transfected with lncRNA 

PTENP1, and their cell cycles were then analyzed by flow 

cytometry. The data revealed that overexpression of lncRNA 

PTENP1 increased the numbers of SHG44 and U251 cells 

in G1 phase and decreased the numbers of cells in S phase. 

Figure 1 levels of lncrna PTenP1 expression in normal brain and glioma tissues.
Notes: (A) qrT-Pcr was used to detect the relative levels of incrna PTenP1 in glioma and normal brain tissues, P,0.001. (B) PTenP1 expression in lgg and gBM 
tissues, P,0.001.
Abbreviations: gBM, glioblastoma multiforme; lgg, low-grade glioma; qrT-Pcr, quantitative real-time Pcr.

Figure 2 (Continued)
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Furthermore, knockdown of PTENP1 decreased the preva-

lence of G1-phase cells and increased the prevalence of 

S-phase cells in samples of PTENP1-transfected SHG44 

and U251 cells (Figure 2E–G). This result suggested that 

overexpression of lncRNA PTENP1 could induce cell cycle 

arrest in glioma cells.

Upregulation of lncrna PTenP1 
inhibited the invasion of glioma cells
Transwell assays were performed to detect the effect of 

lncRNA PTENP1 on cell invasion. The Transwell experi-

ments showed that the invasion abilities of SHG44 and 

U251 cells transfected with pcDNA3.0-PTENP1 were 

significantly suppressed when compared with those of 

cells in the control group and mock-transfected group, and 

knockdown of PTENP1 could increase the invasion abilities 

of PTENP1-transfected SHG44 and U251 cells (Figure 3A 

and B). These data indicated that upregulation of lncRNA 

PTENP1 could significantly inhibit the invasion ability of 

glioma cells.

lncrna PTenP1 inhibited the migration 
ability of glioma cells
We next investigated how lncRNA PTENP1 affects the 

migration ability of glioma cells. SHG44 and U251 cells 

were transfected with lncRNA PTENP1, after which their 

Figure 2 elevated lncrna PTenP1 levels suppressed the proliferation of glioma cells.
Notes: (A) qrT-Pcr was used to identify the levels of lncrna PTenP1 expression in glioma cells. (B) The effect of transfection with pcDna3.1-PTenP1 on the 
proliferation of shg44 and U251 cells, as examined with the edU incorporation assay. (C and D) The ccK-8 assay was used to examine the proliferative abilities of shg44 
and U251 cells. (E–G) Flow cytometry was used to analyze the cell cycle distribution of glioma cells after lncrna PTenP1 transfection. ***P,0.001 vs control or nc group, 
**P,0.01 vs control or nc group, *P,0.05 vs control or nc group, and #P,0.05 vs PTenP1 group.
Abbreviations: ccK-8, cell counting Kit-8; nc, negative control; qrT-Pcr, quantitative real-time Pcr.
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migration abilities were tested with the scratch assay. 

The results showed that the width of lncRNA PTENP1 

transfection group was greater than that of the control group 

for both SHG44 and U251 cells, and knockdown of PTENP1 

could decrease the width of the PTENP1-transfected SHG44 

and U251 cells (Figure 3C and D). These results suggested 

that lncRNA PTENP1 could inhibit the migration ability of 

glioma cells.

lncrna PTenP1 promoted p21 
expression and blocked the p38 MaPK 
signaling pathway
We next investigated how lncRNA PTENP1 affects the p38 

MAPK signaling pathway. Western blot studies showed that 

PTENP1 overexpression increased p21 levels and decreased 

the levels of phosphorylated p38 (Figure 4). This result 

indicated that lncRNA PTENP1 might exert its effect by 

activating the p38 MAPK pathway.

a p38 agonist ameliorated the inhibitory 
effect of PTenP1 on glioma cell 
proliferation and invasion
The levels of phosphorylated p38 in PTENP1-transfected 

SHG44 and U251 cells became increased after treatment 

Figure 3 Overexpression of lncrna PTenP1 inhibited glioma cell invasion and migration.
Notes: (A and B) Transwell experiments were performed to test the invasion ability of glioma cells after lncRNA PTENP1 transfection, magnification: 200×. (C and D) 
scratch assays were performed to test the migration ability of glioma cells after lncrna PTenP1 transfection. **P,0.01 vs control or nc group, *P,0.05 vs control or nc 
group, and #P,0.05 vs PTenP1 group.
Abbreviation: nc, negative control.

Figure 4 lncrna PTenP1 activated p21 expression and blocked the p38 MaPK 
pathway.
Notes: Western blot studies were performed to detect the expression of p21, p38, 
and phosphorylated p38 in shg44 and U251 cells after transfection with lncrna 
PTenP1. gaPDh served as an internal control.
Abbreviation: nc, negative control.
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with the p38 agonist P79350 (Figure 5). Furthermore, the 

proliferative abilities of PTENP1-transfected SHG44 and 

U251 cells were also increased after P79350 treatment 

(Figure 6A–C). Moreover, after being treated with P79350, 

the numbers of G1-phase cells among the transfected SHG44 

and U251 cells decreased while the numbers of S-phase 

cells increased (Figure 6D–F). The results of the Transwell 

invasion assay and wound healing assay showed increases in 

the migration and invasion abilities of PTENP1-transfected 

SHG44 and U251 cells that had been treated with P79350 

(Figure 7).

Discussion
LncRNAs are a type of noncoding RNAs with a length 

of .200 nucleotides. Several studies have proven that 

lncRNAs can regulate cell differentiation, apoptosis, cell 

cycle, and proliferation and migration of malignant tumor 

cells, and also confirmed their involvement in regulating 

transcription activity, chromatin modifications, and intra-

nuclear interference. Previous studies also showed that 

lncRNA may play an important role in the initiation and 

progression of glioma. Shi et al14 discovered that lncRNA 

H19 is expressed at significantly higher levels in high-

grade gliomas when compared with LGGs. Furthermore, 

the invasion and migration capabilities of U87 and U251 

glioma cells significantly decreased when H19 expression 

was suppressed.14 Zhang and Leung15 used siRNA to knock-

down the expression of lncRNA CRNDE gene in D54, U87, 

and U251 glioma cells, and found that such knock down 

led to an inhibition of cell proliferation and induction of 

cell apoptosis, and also prevented the invasion of glioma 

cells. Wang et al16 discovered that the levels of lncRNA 

MEG3 expression in normal brain tissues were significantly 

higher than those in glioma tissues, and that overexpression 

SHG44
A

p38

p-p38

GAPDH

A: Control B: NC C: PTENP1 D: PTENP1 +
P79350

B C D A B C D
U251

Figure 5 Western blot studies were performed to detect the expression of p38 and 
phosphorylated p38 in shg44 and U251 cells after different treatments. gaPDh 
served as an internal control.
Abbreviation: nc, negative control.

Figure 6 (Continued)
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of MEG3 could suppress the proliferation of U251 and 

U87 cells and lead to apoptosis. LncRNA PTENP1 is the 

pseudogene of PTEN, with a highly (95%) homologous 

region at the 3′ UTR ends. Poliseno et al17 discovered that 

these two genes have the same microRNA annealing point 

in that region. Those studies also proved that PTENP1 could 

competitively bind to microRNA and prevent microRNA 

from negatively controlling PTEN, thus preserving the 

antitumor function of PTEN. In clear cell kidney carcinoma, 

PTENP1 expression is suppressed by miR-21, resulting in 

enhanced cancer cell proliferation, invasion, and metastasis 

in vitro.18 In hepatocellular carcinoma, the levels of both 

PTENP1 and PTEN are decreased, and they act as ceRNAs 

to downregulate miR-193a, which targets the cancer sup-

pression gene PTEN; this downregulation of miR-192a 

leads to the eventual suppression of cancer.19 The levels of 

PTENP1 expression in liver cancer cells are significantly 

lower than those in normal hepatocytes. When PTENP1 is 

overexpressed in liver cancer cells, it helps to modulate the 

PI3K/AKT signaling pathway, leading to the suppression of 

cancer cell proliferation, migration, and invasion, resulting 

in cell autophagy and apoptosis.20 However, little is known 

Figure 6 a p38 agonist ameliorated the inhibitory effect of PTenP1 on glioma cell proliferation.
Notes: (A) The proliferative abilities of PTenP1-transfected shg44 and U251 cells after P79350 treatment were examined with the edU incorporation assay. (B and C) The 
ccK-8 assay was used to examine the proliferative abilities of PTenP1-transfected shg44 and U251 cells after P79350 treatment. (D–F) Flow cytometry was used to analyze 
the cell cycle distribution of glioma cells after different treatments. **P,0.01 vs control or nc group, *P,0.05 vs control or nc group, and #P,0.05 vs PTenP1 group.
Abbreviations: ccK-8, cell counting Kit-8; nc, negative control.
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Figure 7 a p38 agonist ameliorated the inhibitory effect of PTenP1 on glioma cell migration and invasion.
Notes: (A and B) Transwell experiments were performed to test the invasion ability of glioma cells after different treatments, magnification: 200×. (C and D) scratch assays 
were performed to test the migration ability of PTenP1-transfected glioma cells after P79350 treatment. **P,0.01 vs control or nc group, *P,0.05 vs control or nc 
group, and #P,0.05 vs PTenP1 group.
Abbreviation: nc, negative control.

about the role of PTENP1 in suppressing glioma cell pro-

liferation and migration.

In this study, we detected the levels of PTENP1 expres-

sion in glioma tissues and normal brain tissues from human 

patients and found that PTENP1 was expressed at lower 

levels in the glioma tissues when compared with the normal 

brain tissues. This indicates that PTENP1 may play a crucial 

role in glioma, which is consistent with published results 

from previous studies conducted on other cancers.21,22 

We also found that elevated levels of lncRNA PTENP1 

markedly suppressed the proliferation of SHG44 and U251 

cells. A cell cycle analysis showed that an upregulation of 

lncRNA PTENP1 expression could increase the percentage 

of SHG44 and U251 cells in G1 phase and decrease the per-

centage of cells in S phase. Furthermore, overexpression of 

lncRNA PTENP1 could suppress glioma cell migration and 

invasion. A previous study showed that lncRNA PTENP1 

inhibited breast cancer cell proliferation and migration by 

activating the MAPK signaling pathway.23 Therefore, we 

investigated the effect of lncRNA PTENP1 on the p38 MAPK 

pathway. The results showed that elevated levels of lncRNA 

PTENP1 could upregulate p21 expression and downregulate 

phosphorylated p38 expression in both SHG44 and U251 

cells. These results suggested that lncRNA PTENP1 exerts 

its effect by activating the MAPK pathway.

Conclusion
In summary, we demonstrated that the levels of lncRNA 

PTENP1 in glioma tissues were significantly lower than those 

in normal brain tissues. An elevation of lncRNA PTENP1 

levels induced by pcDNA3.0-PTENP1 transfection markedly 

suppressed the proliferation of glioma cells and reduced their 

migration and invasion abilities. All the above showed that 

PTENP1 could suppress the proliferation and migration of 

glioma cells by increasing p21 expression and inhibiting the 

p38 MAKP pathway. These findings indicate that PTENP1 
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plays a critical role in glioma progression and may aid in the 

development of new diagnostic and therapeutic approaches 

for glioma.
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