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Abstract: Objectives: PTEN-Long is a translational variant of phosphatase and tensin homolog (PTEN). This study
aimed to assess the effect of PTEN-Long on the biological characteristics of glioma cells and related mechanisms.
Methods: A vector stably expressing PTEN-Long was established and transfected into cells, serving as the overex-
pression group, while a set of empty vectors served as the negative control group. Real-time reverse transcription-
polymerase chain reaction (RT-PCR) and western blot were used to detect the expression of PTEN-Long and phos-
phatidylinositol 3-kinase, Protein kinase B, andnuclear factor-kB (PI3K-AKT-NF-kB). Cell proliferation was assessed
with the Cell Counting Kit 8 (CCK8) assay, migration through the scratch test, and invasion by the transwell chamber
assay. Cell cycle analysis was performed using flow cytometry. The volume and weight of subcutaneous tumors in
nude mice were also evaluated. Results: PTEN-Long expression led to downregulation of p-Akt, NF-kB p65, p-NF-kB
p65, and Bcl-xl, and up-regulation of IkBa. In addition, it inhibited glioma cell proliferation, induced cell cycle arrest
inthe GO/G1 phase, and reduced cell migration and invasion. Moreover, PTEN-Long inhibited the growth of subcuta-
neous glioma in nude mice. Conclusions: PTEN-Long inhibits the proliferation, migration, and invasion and induces
apoptosis in glioma cells by inhibiting PI3BK-AKT-NF-kb signaling, implying that PTEN-Long may be a new target for
glioma treatment.
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Introduction and plasma [11]. It exhibits protein phospha-
tase activities comparable to PTEN [12] and
has been found to downregulate p-Akt levels,

thereby inhibiting the proliferation of U87 cells

Gliomas are the most prevalent type of primary
intracranial tumor [1]. Despite the availability

of treatments such as surgery, radiotherapy,
and chemotherapy, the overall survival rate of
patients remains very low [2]. Therefore, it is of
great significance to investigate the pathogenic
mechanism of glioma in depth.

The phosphatase and tensin homologue (PTEN)
deleted on chromosome 10 is an important
tumor suppressor gene [3-5], and mutations in
PTEN are among the most common in solid
tumors [6-8]. Two types of PTEN have been
identified as translational variants of PTEN,
PTEN-Long and PTENa [9, 10]. PTEN-Long,
which shares the same phosphatase domain
and similar anticancer functions as PTEN, is a
secreted protein detectable in human serum

[13], replication of HCV [14], growth of renal
clear cell tumors [15], and decreasing PINK1-
Parkin-mediated mitochondrial autophagy [16].
In addition, several studies have shown that
PTEN-Long is reduced in tumor tissues com-
pared to normal tissues. Upregulation of PTEN-
Long expression has been reported to inhibit
the proliferation of breast cancer and renal cell
adenocarcinoma cells and induce tumor regres-
sion in murine models of cancer, implying that
PTEN-Long may serve as a therapeutic target in
cancer [15, 17].

Considering the role of PTEN-Long in several
types of solid tumors, whether it plays a role in
the pathogenesis and development of gliomas
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Table 1. Sequences of the primers

Primer Forward: 5’-3’ Reverse: 5'-3’

PTEN-Long CTCCAAATTTTAAGGTGAAGCTGT CTCTGGATCAGAGTCAGTGGT
PTEN CAGAAAGACTTGAAGGCGTAT AACGGCTGAGGGAACTC
AKT GCAGCACGTATACGAGAAGA GGTGTCAGTCTCCGACGTG
NF-kB p65 GAGGACTGCTGCTACGTCAC ACCAGGTTCAGGTTCAGCTC
IKBa AACCTGCAGCAGACTCCACT ACACCAGGTCAGGATTTTGC
bel-xI GTAAACTGGGGTCGCATTGT TGCTGCATTGTTCCCATAGA
B-Actin CATCCCCCAAAGTTCACAAT AGTGGGGTGGCTTTTAGGAT

remains unclear. This study therefore evaluated
the role and mechanism of PTEN-Long in the
biological behavior of glioma cells.

Materials and methods
Cell culture

The U251 human glioma cell line, known for
common PTEN mutations and deletions [18],
was sourced from the China Infrastructure of
Cell Line Resource in Beijing, China. The A172
cell line was obtained from the Cell Bank of the
Chinese Academy of Sciences in Shanghai,
China. Both cell lines, which exhibit low expres-
sion levels of PTEN and PTEN-Long, are well-
suited for studies on PTEN-Long. Cells were
cultured in Dulbecco’s Modified Eagle's Me-
dium (DMEM; Gibco, Grand Island, NY, USA)
supplemented with 10% fetal bovine serum
(FBS; Gibco) and 1% penicillin-streptomycin,
maintained at 37°C in a 5% CO, humidified
atmosphere.

Cell transfection

To establish cell lines overexpressing PTEN-
Long, U251 and A172 cells were seeded
into 12-well plates at a density of 1x10° cells/
well. Upon reaching 70-80% confluency, cells
were transfected with LV-PTEN-Long-EGFP.
EGFP:T2A:Puro served both as a visual mar-
ker and puromycin resistance indicator. EF1A
served as the promoter. Mock transfection with
LV-EGFP was used as a negative control. The
vector was powered by Cyagen Biosciences.
Transfection efficiency varied with the multi-
plicity of infection (MOI) set at 20, 50, and 80.
Optimal results were observed at an MOI of 50,
where cells maintained good health and exhib-
ited satisfactory EGFP expression levels. Cells
were cultured with polybrene (5 pg/ml), and
medium was refreshed 6-12 hours post-trans-
fection. Stable clones were selected with puro-
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mycin (1.5 yg/ml) for 3-5 days. The transfec-
tion efficiency was detected by RT-PCR, west-
ern blot, and fluorescence microscopy. The
overexpression group was designated as
U251-PTEN-Long-EGFP and A172-PTEN-Long-
EGFP, and the corresponding negative control
groups were U251-EGFP and A172-EGFP. No
transfections were performed for the blank
control group.

qRT-PCR

Total RNA was extracted from cells using TRIzol
reagent (Life Technologies, Rockville, MD, USA)
according to the manufacturer’s instructions.
cDNA synthesis was performed using 1 ug of
total RNA with the PrimeScript RT Reagent Kit
with gDNA Eraser (Takara, Beijing, China). There
was no residual genomic DNA during mRNA
preparation. gRT-PCR were carried out with
cDNA (1 pul) and SYBR-Green Master Mix
(Takara). B-actin served as an internal control.
Relative mMRNA was quantified using the 244C
method. The sequences of primers are listed
in Table 1. Additionally, mMRNA level was also
measured by 1% agarose gel.

Western blotting

Proteins were extracted with cell lysis buffer
and separated by SDS-PAGE electrophoresis,
followed by transfer to PVDF membranes in an
ice bath at constant voltage. The PVDF mem-
branes were incubated with anti-PTEN-Long
antibody with gentle rocking at 4°C overnight.
The membranes were washed six times with
buffer, then incubated with horseradish per-
oxidase-labeled goat anti-rabbit antibody. ECL
illuminating liquid was incubated with the
PVDF membranes in the dark. For quantifica-
tion, bands were analyzed using Image J soft-
ware. Antibody against PTEN-Long (9188),
NF-kB p65 (8242), p-NF-kB p65 (3033), bcl-xl
(2764) was purchased from CST, AKT1/2/3
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(CY5561), p-Akt (CYB569) were from Abways,
IkBa (ab76429) was from Abcam, B-Actin
(AF7018) and Goat Anti-Rabbit IgG (H+L) HRP
(S0001) was from Affinity.

Cell cycle analysis

Cells were harvested and fixed with pre-cooled
70% ethanol with gentle mixing and stored for
24 h at 4°C. Subsequently, wells were stained
with propidium iodide and incubated at 37°C
for 30 min in the dark. Red fluorescence was
detected at 488 nm by flow cytometry (BD
FACSCalibur, US), and the DNA content was
analyzed to calculate the percentage of cells in
the G1/GO, S, and G2/M phases.

Proliferation assay

U251 and A172 cells were seeded into 96-well
plates at a density of 5x102 cells/well. CCK-8
reagent (DOJINDO) (10 ul/well) was added after
24,48, and 72 h post-seeding. After a 3-h incu-
bation, the absorbance at 450 nm was mea-
sured with a microplate reader (Bio-Tek EPOCH,
us).

Migration analysis

Cells were seeded into 24-well plates at a den-
sity of 2x10° cells per well with a pore size of
8 um. Upon reaching 80-90% confluence, the
cells were scratched with a sterile tip (200 ul) to
form longitudinal cell scratches. After removing
the culture medium and washing with PBS
twice, the cells were maintained in serum-free
medium. Scratched areas were photographed
at 0, 12, and 24 h post-wounding using com-
puter-assisted microscopy. The migration was
analyzed by measuring the area covered by cell
migration.

Invasion assay

Cell invasive ability was detected using
Matrigel-coated chambers. 100 ul of Matrigel
were added to the upper chamber and incubat-
ed at 37°C for 30 min. Cells in FBS-free medi-
um were seeded in the upper chambers (100
ul, 1x10°%) while the lower chamber was filled
with medium containing 10% FBS (600 pl).
After incubation at 37°C for 24 h, the non-
invading cells in upper chamber were wiped
with a cotton swab and the lower layer cells
were fixed with methanol for 20 min at room
temperature. After drying, the cells were dyed
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in 0.1% crystal violet for 15 min. The chamber
was washed with PBS, photographed using a
microscope, and the number of invading cells
was counted. Five fields were randomly select-
ed for statistical analysis.

Xenograft assays

Twelve BALB/c-nu nude mice (Huafukang,
Beijing, China) were randomly divided into 3
groups with 4 mice in each group. U251 cells
(100 I, 5x10°) were planted subcutaneously
on the dorsal side of athymic nude mice and
allowed to grow until the tumor reached 1 cm in
diameter. A nude mouse subcutaneous tumor
model was constructed. The tumor growth was
monitored, with the longest (a) and shortest
diameters (b) of the tumor were measured with
Vernier calipers every 7 days. The tumor vol-
ume was calculated using the formula V = ab? x
0.5, and a tumor growth curve was plotted. All
tumors did not exceed 1.5 cm in diameter, and
the weight of the mice did not decrease too
much. All mice were included in the study. Aft-
er 4 weeks, the tumor was removed, weighed,
and subjected to immunohistochemical stain-
ing. The staining results were analyzed using
scoring criteria [19]. Antibodies against PTEN-
Long and p-NF-B p65 were purchased from
CST, and p-Akt was from Abways. Euthanasia
was performed using 100% carbon dioxide at
5 PSI for 3 minutes, followed by a 15-minute
waiting period. Death was confirmed by the
absence of heartbeat and respiration [12]. The
experiment adhered to ethical standards with
Animal Ethics Approval No.: 2018015, granted
by the Medical Comprehensive Experimental
Center of Hebei University.

Statistical analysis

Statistical analyses were conducted using
SPSS 19.0. Data are expressed as mean + SD.
Differences between groups were assessed
using one-way ANOVA or Repeated measures
ANOVA, followed by LSD-t test. Statistical sig-
nificance was defined as P<0.05.

Result

PTEN-Long was stably overexpressed in U251
and A172 cells

PTEN, known for mutations and deletions in a

variety of tumors, including gliomas, is closely
related to the occurrence and development of
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Figure 1. Transfection efficacy analysis. (A, B): (a) Analysis of the EGFP immunofluorescence in U251 and A172 cell
lines by a light microscopy; (b) Expression of EGFP in U251 and A172 cells after transfection of LV-EGFP; (c) Expres-
sion of PTEN-Long in U251 and A172 cells after transfection of LV-PTEN-Long-EGFP. Bar: 50 ym.

tumors [20]. To explore the antitumor potential
of PTEN-Long, a PTEN-Long overexpressing
lentiviral vector was constructed. Effective
overexpression was achieved with a multiplicity
of infection (MOI) of 50, resulting in a fluores-
cence expression rate exceeding 80%, as
observed under a fluorescence microscope
(Figure 1). Based on RT-PCR and western blot,
the expression of PTEN-Long was significantly
increased in the overexpression group com-
pared to the control group (P<0.01; Figures 2,
3).

Overexpression of PTEN-Long suppressed
PI3K-Akt-NF-kB signaling in U251 cells

In the overexpression group, PTEN-Long was
detectable, whereas it was absent in both
the negative and blank control groups by
western blot analysis. With the increasing in
PTEN-Long mRNA and protein levels, the
expression of p-Akt, NF-kB p65, p-NF-kB p65,
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and Bcl-xl in the downstream of PI3K-AKT-NF-
KB signal pathway were decreased, while
IkBaw expression was increased (all P<0.01,
Figures 2, 3); However, no significant difference
was observed in the expression of AKT and
PTEN. Our research showed that PTEN-Long
inhibited the activity of PIBK-AKT-NF-«kB signal
pathway.

Overexpression of PTEN-Long inhibited cell
proliferation and blocked the cell cycle

Cell proliferation at different time points was
measured using a CCK-8 kit. Compared to
negative and blank control groups, cell prolifer-
ation activity of the overexpression group
decreased from 24 h (all P<0.01; Figure 4).
Flow cytometry showed that cell cycle was
blocked (all P<0.01; Figure 5). Our research
showed that PTEN-Long suppressed cell prolif-
eration and induced cell apoptosis by blocking
cell cycle at GO/G1 phase of glioma cells.
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Figure 2. The mRNA level of PTEN-Long, AKT, PTEN, NF-kB p65, IkBa and bcl-xl. A: The quantified results of relative
mRNA expression of PTEN-Long. B: The quantified mRNA expression of PI3BK-AKT-NF-kB pathway related molecules.
C: mRNA expression analyzed by agarose gel electrophoresis after RT-PCR. D: The quantified mRNA expression of
PTEN, PTEN-Long, Akt, NF-kb P-65, IkBa and Bcl-xl detected by qRT-PCR. n=3; *"P<0.01, **P<0.001.

Overexpression of PTEN-Long inhibited cell
migration and invasion

Scratch test showed that overexpression of
PTEN-Long inhibited the migration ability of
U251 and A172 cells compared to control
groups. Quantitative analysis of the migrated
cells 12 and 24 hours post-scratching revealed
a significantly larger scratch area in the overex-
pression group compared to the control group
(P<0.01; Figure 6). Furthermore, the Transwell
chamber assay showed that the overexpres-
sion of PTEN-Long markedly reduced the inva-
sive ability of glioma cells, with significantly
fewer cells invading through the Matrigel com-
pared to the control group (P<0.01; Figure 7).

2844

PTEN-Long inhibited the proliferation of U251
cells in the xenograft mouse model

We then investigated the function of PTEN-
Long on the proliferation of U251 cells in a
mouse xenograft model. U251 cells were sub-
cutaneously implanted into athymic nude mice.
The tumor growth was monitored every week.
By the fourth week, necrosis was observed in
the subcutaneous tumor of a mouse in the
control group, characterized by tumor bleeding
and a deepening color of the subcutaneous
tumor. This necrosis was not evident in other
tumors. The tumor volume and weight of over-
expression group was significantly smaller than
those of control group (Figure 8). Immunohis-
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Figure 4. The CCK8 assay was employed to assess cellular viability. The proliferation of U251 cells (A) and A172 cells
(B) of each group measured at different points. n=3; **P<0.01.

tochemical staining showed a decrease in the
expression of p-Akt and NF-kB p65, with a sig-
nificant decrease in the brown staining in both
the cytoplasm and nuclei (Figure 9). These
results demonstrate that PTEN-Long suppress-
es cell proliferation by inhibiting the PI3K-Akt-
NF-kB signaling pathway, while maintaining
tumor burden within recommended limits.
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Discussion

Glioma, a prevalent form of intracranial malig-
nancy, has seen a rising incidence, making
targeted therapy a critical area of ongoing
research. PTEN, an antagonist of PI3K [21-23],
inhibits PIBK-AKT and its downstream signal
pathway, playing a role in inhibiting tumor cell
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proliferation, migration, and invasion, and pro-
moting apoptosis. Studies have shown that it
plays a role in many tumor cells, such as BT5-
49, USTMG kidney cancer cells, and U251. The
protein product of PTEN-Long variant retains
the biological activity of PTEN. PTEN-Long can
also enter adjacent cells or enter bloodstream,
affecting distant cells by a paracrine or endo-
crine mechanism [24]. The PTEN-Long leader
sequence serves as an effective vector for
delivering of therapeutic proteins. Specifically,
PTEN-L-p53 significantly inhibits the prolifera-
tion, migration, and invasion of U251 cells [25].

In U251 and A172 cells, PTEN-Long expression
is minimal, as confirmed by gRT-PCR. Due to its
low expression, proteins were challenging to
detect, and western blot (WB) results indicat-
ed similarly low expression levels. This study
underscores the value of investigating PTEN-
Long expression in PTEN wild-type glioma cells,
such as LN-229, which has not been investi-
gated in current research. This study construct-
ed a high expression model of PTEN-Long in
U251 and A172 cell lines using lentivirus. Our
experiments demonstrated that overexpress-
ing PTEN-Long could suppress proliferation,
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migration, and invasion of glioma cells. The
PI3K-Akt-NF-kB pathway is closely related to
these biological properties. Analysis of mRNA
and protein expression revealed a decrease in
P-Akt, NF-kB p65, and phosphorylated NF-kB
p65 in the overexpression group. The underly-
ing mechanism may be that AKT regulates NF-
KB activation induced by lipopolysaccharide
(LPS). P-Akt activates IKK and NF-kB [26], then
the downstream signaling pathway of NF-kB
promotes the production of pro-angiogenic fac-
tors, which then promotes the production of
pro-angiogenic factors, enhancing tumor grow-
th and metastasis [27-29]. PTEN-Long, as the
antagonist of PI3K, inhibits Akt phosphoryla-
tion, thereby inhibiting PI3K-Akt-NF-kB pathway
activity, which includes suppressing nuclear
NF-kB p65 activity and decreasing the expres-
sion of the anti-apoptotic gene, Bcl-xl. Further-
more, PTEN-Long can block NF-KB activation
triggered by tumor necrosis factor-alpha (TNF-
«), reduce IKBa degradation, and inhibit Bcl-xI
expression, contributing to reduced tumor cell
proliferation and apoptosis resistance. How-
ever, the absence of direct apoptosis assays in
this study is a notable limitation. This study
examined the expression of Bcl-xl and analyzed

Am J Transl Res 2024;16(7):2840-2851
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the possible role of PTEN-Long in cell death,
which yielded only a preliminary result. Addi-
tionally, Cyclin D1, a target gene of NF-kB that
facilitates the GO/G1 to S phase transition and
promotes cell proliferation, was examined.
PTEN-Long blocks this cell cycle transition, fur-
ther inhibiting cell proliferation. Animal ex-
periments corroborated that PTEN-Long sup-
pressed glioblastoma proliferation by downreg-
ulating the PI3K-Akt-NF-kB signaling pathway,
although tumor sizes showed no significant dif-
ference between the control group and the
empty vector group. This study indicates that
PTEN-Long may inhibit glioma through the sup-
pression of the PI3K-Akt-NF-kB signaling path-
way. Future research will continue to explore
the direct effects of PTEN-Long protein prod-
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ucts on glioma cells and the associated molec-
ular mechanisms.

However, gene therapy for glioma faces speci-
fic challenges, notably the blood-brain barrier
(BBB), which complicates treatment delivery.
Research indicates that neural stem cells,
owing to their inherent cancer cell homing
capabilities, can serve as effective vectors. In
our study, replacing the PTEN-Long leader se-
quence with the human light chain 1gG leader
sequence addressed issues of drug delivery
across the BBB in glioblastoma and improved
the intercellular transfer efficiency of the PTEN-
Long construct [30]. The use of brain tumor
models in nude mice represents a significant
step forward, though it also underscores a limi-
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tation of this study. Therefore, future research
should focus on developing a nude mouse brain
tumor model to further investigate the thera-
peutic effects and mechanisms of PTEN-Long
on glioma, particularly in the context of the
BBB.

In conclusion, the experimental results con-
firm that PTEN-Long can inhibit the growth of
glioma in vitro and in vivo. PTEN-Long appears
to exert its tumor-suppressive effects by down-
regulating the PI3K-AKT-NF-kB signaling path-
way, highlighting its potential as a novel thera-
peutic target for glioma treatment.
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