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Background: Glioma is the most commonly diagnosed primary brain tumor. Dysregulation

of long non-coding RNA (lncRNA) is associated with initiation and development of various

cancer types including glioma.

Methods: The relative expression of lncRNA was analyzed by real time-quantitative poly-

merase chain reaction (RT-qPCR). Cell counting kit (CCK-8) and flow cytometry analysis

were applied to explore the role of prostate androgen-regulated transcript 1 (PART1) in

glioma cell lines. Luciferase reporter assay, Western blotting and RT-qPCR were used to

investigate the association between PART1, miR-190a-3p and phosphatase and tensin homo-

log deleted on chromosome ten (PTEN) in glioma cell lines.

Results: In the present study, we elucidated a pivotal role and molecular mechanism of

lncRNA PART1 in glioma cell lines. It was found that PART1 was significantly down-

regulated in glioma tissues compared to normal tissues according to TCGA data and our RT-

qPCR results. The cell-based assays showed that PART1 suppressed cell proliferation and

triggered cell apoptosis in glioma cell lines. PART1 inactivated PI3K/AKT cascade in glioma

cell lines. Transfection of constitutively activated AKT (Myr-AKT) reversed PART1 induced

cell apoptosis and cell growth arrest. The bioinformatic analysis suggested that miR-190a-3p

might bind to PART1. In the dual luciferase reporter assay, we validated that PART1 directly

bound to miR-190a-3p in glioma cell lines. Furthermore, there was a reciprocal repression

between PART1 and miR-190-3p. In addition, PART1 upregulated PTEN and inactivated

PI3K/AKT pathway in glioma cell lines. Moreover, silencing of PTEN reversed PART1

overexpression induced cell growth arrest and apoptosis. In glioma tissues, the Pearson

Correlation analysis showed that there was a strong-positive correlation between PART1

level and PTEN mRNA level.

Conclusion: Taken together, the current study revealed a PART1/miR-190a-3p/PTEN/PI3K/

AKT axis in glioma and provided novel insights for understanding the complex lncRNA-

miRNA network in glioma.

Keywords: prostate androgen-regulated transcript 1, microRNA-190a-3p, PI3K/AKT

signaling, glioma

Introduction
Globally, nearly 300,000 patients were diagnosed with brain and nervous system

tumors, in addition, approximately 240,000 patients lose their lives due to cancer

which were developed from the brain and nervous system in 2018.1 Glioma is the
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most common primary malignant tumor which was origi-

nated from brain, accounting for 50% of all brain

malignancies.2–5 Glioma can be classified into several major

types including oligodendroglioma, astrocytomas, glioblas-

toma and mixed gliomas.6 Although the incidence of glioma

is relatively lower compared to other major cancer types such

as lung cancer, the prognosis of patients with glioma is very

poor due to the aggressive nature of glioma cells.7,8

Glioblastoma (GBM), a high-grade glioma, is the most lethal

type of glioma and the overall survival of patients with GBM

was less than 12 months.9 Therefore, it is currently urgent to

investigate the molecular mechanism of glioma.

Long non-coding RNAs (lncRNAs) are single-stranded

RNA longer than 200 nucleotides with no protein coding

potential.10 LncRNAs regulate gene expression and cellular

distribution of proteins via a variety of mechanisms includ-

ing but not limited to direct interaction with mRNA,

miRNA, cirRNA and protein, binding to promoter region

or regulatory elements of target genes and mediation of

chromatin remodeling.11,12 Through control of gene expres-

sion and protein function, lncRNAs are essential for numer-

ous normal physiology processes. Dysregulation of

lncRNAs is commonly observed in human diseases such

as cancer.13 For instance, it was found that lncRNA NEAT1

controlled promoter methylation and promoted invasion of

glioblastoma cells by binding to EZH2;14 in glioblastoma

stem cells, lncRNA SOX2OT sponged miR-194-5p and

miR-122 to facilitate proliferation and survival of GBM

cells;15 expression of PART1 was relatively higher in non-

small cell lung cancer (NSCLC) and could serve as

a biomarker for the prognosis of patients with NSCLC.16

Whereas, the role of PART1 in glioma remains unknown.

Sustained cell proliferation signaling is one of the hall-

marks in cancer cells. As one of the most well-known tumor

suppressor, PTEN shut down PI3K/AKT signaling, leading to

cell growth arrest and cell apoptosis of cancer cells.17,18 Loss

of PTEN is a frequent event in glioblastoma and is associated

with the prognosis of patients with GBM.19 Recent studies

have revealed that the downregulation of PTEN was the con-

sequence of gene mutation, promoter methylation and dereg-

ulation of miRNA.20–22 LncRNAs were also involved in the

regulation of PTEN expression in cancer cells.23

In the current study, we identified PART1 as

a significantly downregulated lncRNA in glioma cells. In

addition, PART1 reduced cell proliferation and induced

cell apoptosis in glioma cells via inactivation of PI3K/

AKT signaling. Mechanistically, PART1 sponged miR-

190a-3p and upregulated PTEN expression. The

association among PART1, miR-190a-3p and PTEN

expression was also analyzed in glioma. Our findings

indicated that PART1 was pivotal for glioma progression.

Materials and Methods
Cell Culture
Human glioma cell lines (U87MG, LN-18 and LN-428)

were purchased from American Type Culture Collection

(Manassas, VA). These cells were cultured in DMEM

(Invitrogen, Carlsbad, CA) supplemented with 10% FBS

(Gibco; Thermo Fisher Scientific, Waltham, MA) in a 37°

C incubator with 5% CO2. These cells were passaged for

less than 6 months after recipient from ATCC.

Clinical Samples
In total, 50 glioma tissues were collected from patients

with glioma underwent surgery. Six normal brains were

obtained from patients with severe traumatic brain injury

undergoing internal decompression surgery. These tissues

were collected in the first hospital of Jilin University from

June, 2013 to July 2018. Written informed consents were

obtained from all participants. The Ethic Committee of the

first hospital of Jilin University approved and supervised

the protocol and the whole procedures of experiments.

Tissues were immediately stored in liquid nitrogen before

subjection to RNA extraction or protein extraction.

Overexpression of PART1 in

Glioblastoma Cells
The full length of PART1 sequence was ligated into

pcDNA3.1 vector (Invitrogen) to obtain pcDNA3.1-PART1

reconstruction plasmid. In brief, 2μg pcDNA3.1 or

pcDNA3.1-PART1 plasmid were transfected into 1X106

U87MG cells or LN-18 cells with Lipofectamine 3000

(Invitrogen) following manufacturer’s protocol. The cells

were harvested and subjected to RT-qPCR for validation of

overexpression efficiency at 48 h after transfection.

Overexpression and Inhibition of

miR-190a-3p in Glioma Cells
miR-190a-3p mimic/miR-NC mimic and miR-190a-3p inhi-

bitor/miR-NC inhibitor were purchased from Shanghai

GenePharma (Shanghai, China). Their sequences were listed

as follow: miR-190a-3p mimic: 5ʹ-CUAUAUAUCAAACA

UAUUCCU-3ʹ; miR-NC mimic: 5ʹ-UCGCUUGGUGCAG

GUCGGGAA-3ʹ; miR-190a-3p inhibitor: 5ʹ-AGGAAUAU

GUUUGAUAUAUAG-3ʹ; miR-NC inhibitor: 5ʹ- UUCUCC
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GAACGUGUCACGUTT-3ʹ. miR-190a-3p mimic/miR-NC

mimic and miR-190a-3p inhibitor/miR-NC inhibitor were

transfected into U87MG cells and LN-18 cells at the work

concentration of 80 nM with Lipofectamine 3000 reagent

(Invitrogen) following the manufacturer’s protocol. After

48 h, the cells were harvested and subjected to RT-qPCR or

Western blotting.

Small Interference RNA Mediated

Silencing of PTEN in Glioma Cells
The siRNA target PTEN and the negative control siRNA

were synthesized and purchased from GenePharma

(Shanghai, China). The PTEN siRNA or control siRNA

was transfected into U87MG cells or LN-18 cells with

Lipofectamine RNAiMAX (Invitrogen) according to the

manufacturer’s protocol. Seventy-two-hour later, the

knockdown efficiency was confirmed via Western blotting.

Constitutive Activation of AKTActivity in

Glioma Cells
pLNCX-Myr-AKT containing a constitutive activated

mutant AKT was bought from Addgene (Watertown,

MA). For transient transfection, 2 μg pLNCX-Myr-AKT

or pLNCX was transfected into 1X106 U87MG cells or

LN-18 cells with Lipofectamine 3000 (Invitrogen) follow-

ing manufacturer’s protocol. The cells were harvested for

Western blotting to validate the elevation of activated

AKT at 48 h after transfection.

RNA Extraction and RT-qPCR
Total RNA from cultured cells or tissues was extracted with

TRIzol reagent (Invitrogen). The concentration and quality

of RNAwere determined with the NanoDrop 2000 (Thermo

Fisher Scientific). After that, RNA was reverse transcribed

into first-strand cDNA with All-in-One First-Strand cDNA

Synthesis kit (GeneCopoeia, Rockville, MD). qPCR was

performed with the TB Green Premix Ex Taq kit (Takara,

Toyoko, Japan) on a CFX96 system (Bio-Rad, Hercules,

CA). 2−ΔΔCT method was used to calculate the relative gene

expression. GAPHD and U6 were used as internal controls

for detection of mRNA level in PART1/PTEN and miR-

190a-3p, respectively. PART1-forward: 5ʹ-AAGGCCGTG

TCAGAACTCAA-3ʹ; PART1-reverse: 5ʹ-GTTTTCCATCT

CAGCCTGGA-3ʹ; PTEN-forward: 5ʹ-TGGATTCGACTTA

GACTTGACCT-3ʹ; PTEN-reverse: 5ʹ-GGTGGGTTATGG

TCTTCAAAAGG-3ʹ. GAPDH-forward: 5ʹ-GTCTCCTCT

GACTTCAACAGCG-3ʹ; GAPDH-reverse: 5ʹ-ACCACCC

TGTTGCTGTAGCCAA-3ʹ; Stem-loop primer: 5ʹ-CTCAA

CTGGTGTCGTGGAGTCGGCAATTCAGTTGAGAGG-

AAT-3ʹ; miR-190a-3p-forward: 5ʹ-TCGGCAGGCTATATA

TCAAAC-3ʹ; miR-190a-3p-reverse: 5ʹ-CTCAACTGGTGT

CGTGGA-3ʹ; U6-forward: 5ʹ-CTCGCTTCGGCAGCACA

TATACT-3ʹ; U6-reverse: 5ʹ-ACGCTTCACGAATTTGCGT

GTC-3ʹ.

Protein Extraction and Western Blotting
Primary antibodies against PI3K (#4255, 1:2000), p-PI3K

(#17366, 1:2000), AKT (#2920, 1:2000), p-AKT (#4060,

1:2000) were bought from Cell Signaling Technology

(Carlsbad, CA). Primary antibodies for PTEN (ab32199,

1:2000), Bax (ab32503, 1:2000), Bcl2 (ab32124, 1:2000)

and GAPDH (ab8245, 1:5000) were obtained from Abcam

(Cambridge, UK). HRP-conjugated secondary antibodies

against mouse (AP308P, 1:10,000) and rabbit (AP132,

1:10,000) were purchased from Sigma Aldrich (St. Louis,

MI). Protein lysates were prepared with RIPA lysis buffer

(Thermo Fisher Scientific, Bremen, Germany). The concen-

tration of protein lysates was determined via a BCA Protein

Assay kit (Thermo Fisher Scientific). In brief, 20 μg proteins
were loaded on each well of 8% SDS-PAGE gel. The PVDF

membrane was used to transfer proteins from SDS-PAGE

gel. The PVDFmembrane was blockedwith 5% non-fat milk

at room temperature for 1 h. After that, the PVDF membrane

was incubated with the representative primary antibody over-

night at 4°C. On the next day, the PVDF membrane was

incubated with the secondary antibody for 1 h at room

temperature. The blots were developed with ECL reagent

(Santa Cruz Biotechnology). The intensity of bands was

normalized to GAPDH. The relative-protein expression was

analyzed by Image J software 1.8.0 (NIH, Bethesda, MD).

Cell Proliferation Assay
Cell proliferation ability was measured by a CCK-8 kit

(Dojindo, Toyoko, Japan). At 48 h after plasmid transfec-

tion, equal number of U87MG cells and LN-18 cells were

plated in 96-well plates and maintained for 1, 2 or 3 days,

respectively. At the corresponding timepoints of 0, 1, 2, 3

days, 10 μL of CCK-8 solution was added into indicated

wells and sustained for 2 h. The medium containing CCK-8

solution was removed to new 96-well plates and the absor-

bance at 450 nM was detected to reflect cell number.

Cell Apoptosis Assay
Flow cytometry was used to detect the percentage of apop-

totic cells by a Dead Cell Apoptosis Detection Kit with
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Annexin V and PI (Invitrogen). Briefly, at 48 h after trans-

fection of plasmid, cells were harvested and suspended in

Annexin Binding buffer. After that, PI and Annexin V were

added into the above cell suspension and incubated at room

temperature for 30 min. Afterwards, cells were subjected to

flow cytometry for analysis of apoptosis. The cells positive

for Annexin V was at early apoptosis and cells positive for

both Annexin V and PI were at later apoptosis.

Bioinformatic Analysis
Via the Gene Expression Profiling Interactive Analysis data-

base (GEPIA, http://gepia.cancer-pku.cn/), the expression of

PART1 in normal brains and glioma tissues were compared

based on TCGA-GBM and TCGA-LGG. MiRDB database

(http://mirdb.org/) was used to predict potential miRNA tar-

gets of PART1. The correlation between PART1 and PTEN

mRNA expression was analyzed with ENCORI database

(http://starbase.sysu.edu.cn/) based on expression data 526

brain low-grade glioma.

Dual Luciferase Reporter Assay
Briefly, 2X105 U87MG or LN-18 cells were seeded in each

well of 24-well plates and transfected with the indicated

plasmids, pmirGLO-PART1-WT or pmirGLO-PART1-Mut

or pmirGLO-PTEN 3ʹUTR-WT or pmirGLO-PTEN 3ʹUTR-

Mut. Simultaneously, cells were transfected with miR-190a-

3p mimic or miR-NC mimic using Lipofectamine 3000

(Invitrogen). Forty-eight-hour later, the relative luciferase

activity in each group was determined by a Dual Luciferase

Reporter Assay System kit (Promega, Madison, WI) on

a Centro LB960 XS3 (Berthold, German) following manu-

facturer’s guideline.

Statistical Analysis
All data were analyzed with Graphpad 6.0 software and

presented as mean±SD. Two groups were compared with

Student’s t test. The experiments were repeated for three

times. The differences among three groups were compared

with one-way ANOVA followed by Newman Keuls test. The

difference was considered as statistically significant when

p value was less than 0.05.

Results
LncRNA PART1 Was Downregulated in

Glioma
We used GEPIA to explore the expression pattern of PART1

in normal brains, GBM (high-grade glioma) and low grade

glioma (LGG) from TCGA-GBM and TCGA-LGG datasets.

The results suggested a significant downregulation of PART1

in GBM compared with normal brains (Figure 1A). In addi-

tion, PART1 was also significantly decreased in LGG com-

pared with normal brains (Figure 1B). For validation,

six-normal brain tissues and 50 glioma samples were col-

lected for the study. The RT-qPCR showed that there was

a significant downregulation of PART1 in glioma tissues

compared with normal brains (Figure 1C). In addition, rela-

tively lower levels of PART1 were observed in high-grade

glioma (grade III-IV, n=27) compared with low-grade glioma

(grade I-II, n=23) (Figure 1D). We also detected PART1

expression in glioma cell lines (U87MG, LN-18, LN-428)

and primary astrocytes. PART1 was found to be decreased in

glioma cells compared with astrocytes (Figure 1E). The data

suggested that PART1 was decreased in glioma.

Overexpression of PART1 Inhibited Cell

Proliferation and Induced Cell Apoptosis

in Glioma
To investigate the role of PART1 in glioma, recombinant

PART1 was transfected into U87MG cells and LN-18 cells.

Transfection of recombinant PART1 significantly increased

PART1 in U87MG cells and LN-18 cells (Figure 2A and B).

The cell proliferation assay revealed that overexpression of

PART1 greatly reduced cell proliferation of U87MG cells

(Figure 2C). Consistently, PART1 overexpression decreased

cell proliferation of LN-18 cells (Figure 2D). We proposed

that the decreased cell proliferation might be the conse-

quence of cell death. Consequently, the flow cytometry was

used to detect the percentage of apoptotic cells after PART1

overexpression. As we expected, PART1 overexpression pre-

dominantly elevated the percentage of apoptotic cells to

approximate 15% in U87MG cells and LN-18 cells

(Figure 2E and F). As acknowledged, the apoptotic process

is controlled by the Bcl-2 family member, including pro-

apoptotic protein (Bax) and anti-apoptotic protein (Bcl2).24

Moreover, Western blotting showed that Bax protein level

was increased while Bcl2 protein level was decreased in cells

transfected with recombinant PART1 (Figure 2G). These

data manifested that PART1 promoted cell apoptosis to

inhibited cell proliferation in glioma.

PART1 Evoked Cell Apoptosis via

Inactivation of PI3K/AKT Pathway
Sustained activation of PI3K/AKT is essential for the cell

survival of glioma cells. Western blotting revealed that
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overexpression of PART1 significantly decreased the phos-

phorylation levels of PI3K and AKTwhile the total PI3K and

AKT protein levels were not altered in U87MG cells and

LN-18 cells (Figure 3A), suggesting the inactivation of

PI3K/AKT pathway. To support that PART1 repressed

PI3K/AKT activity, a constitutively activated AKT

Figure 1 LncRNA PART1 was significantly downregulated in glioma. (A) The expression of PART1 in 207 normal brains and 163 glioma tissues was retrieved from TCGA-GMB

datasetwith the online toolGEPIA. (B) The expression of PART1 in 207 normal brains and 518 glioma tissueswas retrieved fromTCGA-LGGdatasetwith the online toolGEPIA. (C)

Relative expression of PART1 in six-normal brains and 50 glioma tissues were detected with RT-qPCR. (D) The relative expression of PART1 in normal brains, low-grade glioma and

high-grade gliomawas presented. (E) The relative expression of PART1 in astrocytes and glioma cell lines (U87MG, LN-18, LN-428) was presented. *p<0.05; **p<0.01; ***p<0.001.
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Figure 2 PART1 overexpression inhibited cell proliferation and induced cell apoptosis in glioma cells. (A) Transfection of recombinant PART1 increased PART1 expression in

U87MG cells. (B) Transfection of recombinant PART1 increased PART1 expression in LN-18 cells. (C) Overexpression of PART1 reduced proliferative rate of U87MG cells.

(D) Overexpression of PART1 reduced proliferative rate of LN-18 cells. (E) Overexpression of PART1 induced apoptosis in U87MG cells. (F) Overexpression of PART1

induced apoptosis in LN-18 cells. (G) Overexpression of PART1 decreased Bcl2 and increased Bax protein level in U87MG cells and LN-18 cells. **p<0.01; ***p<0.001.
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(Myr-AKT) mutant was transfected into U87MG cells.

Transfection of Myr-AKT elevated p-AKT in U87MG cells

and partly restored p-AKTexpression in U87MG cells trans-

fected with pcDNA3.1-PART1 (Figure 3B). Furthermore,

Myr-AKT reversed cell apoptosis induced by PART1 over-

expression in U87MG cells (Figure 3C). The cell prolifera-

tion assay showed that Myr-AKT promoted cell proliferation

and partly reversed PART1 overexpression mediated cell

proliferation inhibition of U87MG cells (Figure 3D). The

results collectively suggested that PART1 inhibited glioma

proliferation via inactivation of PI3K/AKT pathway.

PART1 Sponged miR-190a-3p in Glioma
To explore the subcellular localization of PART1 in glioma

cells, the cytoplasmatic and nuclear fractions of glioma

were isolated. RT-qPCR suggested that PART1 was mainly

localized in the cytoplasm (Figure 4A and B), which

indicated that PART1 might function as a competing endo-

genous RNA (ceRNA) in glioma cells. We predicted the

potential miRNAs that might be associated with PART1 by

miRDB database. Among the predicted miRNAs, miR-

190a-3p was an oncogenic miRNA and a negative regu-

lator of PI3K/AKT pathway in glioma. The sequence of

miR-190a-3p was complementary to PART1 at 1983–1989

(Figure 4C). miR-190a-3p inhibitor was transfected into

glioma cells. Transfection of miR-190a-3p inhibitor sig-

nificantly decreased miR-190a-3p levels in U87MG cells

and LN-18 cells (Figure 4D). Downregulation of

miR-190a-3p significantly increased PART1 expression

in U87MG cells and LN-18 cells (Figure 4E). On the

contrary, overexpression of PART1 predominantly

decreased miR-190a-3p expression in U87MG cells and

LN-18 cells (Figure 4F). Transfection of miR-190a-3p

mimic predominantly elevated miR-190a-3p expression

in U87MG cells and LN-18 cells (Figure 4G). The dual

luciferase assay indicated that miR-190a-3p mimic signif-

icantly repressed the relative luciferase activity of PART1-

WT instead of PART1-Mut in U87MG cells (Figure 4H).

Meanwhile, the similar results were observed in LN-18

cells (Figure 4I).

PART1 Upregulated PTEN and Inactivated

AKT Signaling via Sponging miR-190a-3p
miR-190a-3p facilitated glioma cell proliferation via target-

ing the well-known tumor suppressor, PTEN.25 There were

complementary binding sites among miR-190a-3p, PART1

and PTEN 3ʹUTR (Figure 5A). To investigate the clinical

association between PART1 and PTEN in glioma, we ana-

lyzed the level of PART1 and PTEN in LGG by ENCORI

database. There was a positive correlation between the level

of PART1 and mRNA level of PTEN in LGG (n=526)

(Figure 5B). In our collected samples, RT-qPCR suggested

a significant downregulation of PTENmRNA level in glioma

compared with normal brains (Figure 5C). Additionally,

Western blotting also showed a significant reduction of

PTEN protein level in glioma (n=11) compared with normal

brain (n=3) (Figure 5D). The Pearson correlation analysis

further confirmed a positive correlation between the PART1

level and PTEN mRNA level in glioma tissues (Figure 5E).

Overexpression of PART1 increased PTEN mRNA level

which was reversed after transfection of miR-190a-3p

mimic in U87MG cells and LN-18 cells (Figure 6A). At

protein level, PART1 overexpression increased PTEN level

while decreased P-PI3K and P-AKT level in U87MG cells

which was reversed after overexpression of miR-190a-3p

(Figure 6B). The consistent results were observed in LN-18

cells (Figure 6C). More importantly, in the dual luciferase

assay, transfection of miR-190a-3p mimic repressed the rela-

tive luciferase activity of PTEN 3ʹUTR-WT which was

reversed after PART1 overexpression in U87MG cells and

LN-18 cells (Figure 6D and E).

PART1 Reduced Cell Proliferation and

Induced Cell Apoptosis via Upregulation

of PTEN in Glioma
PTEN siRNA was transfected into U87MG cells and LN-

18 cells. The transfection of PTEN siRNA significantly

downregulated PTEN protein level in these cells

(Figure 7A). In the cell proliferation assay, we observed

that the cell proliferation inhibition induced by PART1

was partially reversed upon PTEN knockdown in

U87MG cells and LN-18 cells (Figure 7B and C). In

addition, the silencing of PTEN reduced percentage of

apoptotic cells in U87MG cells and LN-18 cells trans-

fected with PART1 (Figure 7D and E). The data suggested

that PART1 inhibited glioma cell proliferation via eleva-

tion of PTEN.

Discussion
Studies on the signaling network have obtained satisfac-

tory achievements for the development of target therapy

for patients with glioma.26 Growing evidences have ela-

borated a pivotal role of lncRNA during cancer cell

proliferation, metastasis and the development of drug
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Figure 3 PART1 inhibited cell proliferation and induced apoptosis of glioma cells via inactivation of PI3K/AKT signaling. (A) Overexpression of PART1 dephosphorylated

PI3K and AKT in U87MG cells and LN-18 cells. (B) Transfection of Myr-AKT partially reversed downregulation of p-AKT in U87MG cells transfected with PART1. (C)

Transfection of Myr-AKT partially rescued cell apoptosis induced by PART1 overexpression in U87MG cells. (D) Transfection of Myr-AKT partially rescued cell proliferation

inhibition induced by PART1 overexpression in U87MG cells. **p<0.01; ***p<0.001.
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Figure 4 PART1 sponged miR-190a-3p in glioma cells. (A) The relative expression of PART1 in cytoplasm and nuclear of U87MG cells was detected by RT-qPCR. (B) The
relative level of PART1 in cytoplasm and nuclear of LN-18 cells was detected by RT-qPCR. (C) The binding site between PART1 and miR-190a-3p was predicted by miRDB

database. (D) Transfection of miR-190a-3p inhibitor decreased miR-190a-3p level in U87MG cells and LN-18 cells. (E) Transfection of miR-190a-3p inhibitor increased

PART1 level in U87MG cells and LN-18 cells. (F) Overexpression of PART1 decreased miR-190a-3p level in U87MG cells and LN-18 cells. (G) Transfection of miR-190a-3p

mimic increased miR-190a-3p level in U87MG cells and LN-18 cells. (H) Transfection of miR-190a-3p mimic reduced relative luciferase activity of PART1-WT in U87MG

cells. (I) Transfection of miR-190a-3p mimic reduced relative luciferase activity of PART1-WT in LN-18 cells. **p<0.01; ***p<0.001.
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resistance.27 LncRNA PART1 was firstly identified as

a human prostate-specific, androgen-induced gene which

was located in chromosome 5q12, a region that harbored

tumor suppressor genes.28 The previous reports have

suggested a controversial role of PART1 in cancers. For

instance, Hu et al found that PART1 was overexpressed

in bladder cancer specimens and silencing of PART1 led

to cell proliferation inhibition and apoptosis in bladder

cancer cells;29 data mining of TCGA dataset revealed that

higher expression of PART1 was associated with a higher

risk of recurrence for patients with hepatocellular

carcinoma;30 in oral squamous cell carcinoma, however,

patients with higher expression of PART1 exhibited

longer overall survival compared with patients with

lower expression of PART1.31 Although one study indi-

cated that higher expression of PART1 was associated

with longer survival in patients with GBM,32 the role

and molecular mechanisms of PART1 in glioma are

not known. We firstly discovered that PART1 was

a downregulated lncRNA in glioma via bioinformatic

analysis of TCGA-GBM dataset and RT-qPCR in glioma

tissues and normal brain tissues. The cell proliferation

and apoptosis assays suggested that overexpression of

PART1 markedly inhibited cell proliferation and induced

apoptosis in glioma cells.

PI3K/AKT signaling is a well-characterized drug tar-

get for its central role in mediating cancer cell survival

and proliferation.33,34 Hyper-activation of PI3K/AKT

cascade is essential for cell proliferation and survival of

glioma cells.35 Inhibition of PI3K/AKT pathway led to

cell apoptosis and cell growth arrest in glioma.36 It was

observed that overexpression of PART1 decreased phos-

phorylation levels of PI3K and AKT in glioma cells,

suggesting that PART1 inactivated PI3K/AKT pathway

in glioma. More importantly, transfection of constitu-

tively activated AKT mutant (Myr-AKT) reversed cell

proliferation inhibition and cell apoptosis induced by

PART1 in glioma cells. These data suggested that

PART1 relied on inactivation of PI3K/AKT cascade to

inhibit glioma cell proliferation and survival. The hyper-

activation of PI3K/AKT cascade is due to the loss of

several tumor suppressors such as PTEN, NHERF1 and

PHLPP.37 The downregulation of PTEN in glioma is the

consequence of mutation and epigenetic regulation.38,39

Dysregulation of miRNAwas pivotal for the development

of glioma.40 Previous studies have found that PTEN

Figure 5 PART1 expression was associated with PTEN expression in glioma tissues. (A) The binding site between miR-190a-3p and PTEN 3ʹUTR was presented. (B) The
PART1 level and PTEN mRNA level were retrieved from Brain LGG dataset (n=526) with ENCORI database. The expression association between PART1 and PTEN was

analyzed with the Pearson Correlation analysis. (C) The PTEN mRNA level in six-normal brains and 50 glioma tissues was detected by RT-qPCR. (D) Western blotting was

used to detect PTEN protein level in normal brain tissues and glioma tissues. (E) The Pearson Correlation analysis indicated that PART1 expression was positively correlated

with PTEN mRNA expression in six-normal brains and 50 glioma tissues. ***p<0.001.
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could be targeted by several miRNAs including miR-

130a, miR-374b and miR-190a-3p.25,41,42 We found that

miR-190a-3p targeted PTEN in glioma cells which was

consistent with a recent report.25 PART1 directly sponged

miR-190a-3p to promote PTEN expression and inacti-

vated PI3K/AKT cascade in glioma cells. Furthermore,

PART1 inhibited cell proliferation and induced cell apop-

tosis in glioma via upregulation of PTEN. In glioma

specimens, PART1 level was positively correlated with

PTEN mRNA level.

In conclusion, our data indicated that PART1 was down-

regulated in glioma. PART1 inhibited cell proliferation and

induced apoptosis of glioma cells. Mechanistically, PART1

sponged miR-190a-3p to increase PTEN expression in

glioma. The current study revealed that PART1 might repre-

sent a novel therapeutic target or biomarker for glioma. The

Figure 6 PART1 sponged miR-190a-3p to upregulate PTEN and inactivate AKT. (A) Overexpression of PART1 increased PTEN mRNA level while miR-190a-3p mimic

decreased PTEN mRNA level in U87MG cells and LN-18 cells. (B) Overexpression of PART1 increased PTEN protein level and decreased p-PI3K and p-AKT protein level in

U87MG cells. (C) Overexpression of PART1 increased PTEN protein level and decreased p-PI3K and p-AKT protein level in LN-18 cells. (D) Overexpression of miR-190a-

3p decreased relative luciferase activity of PTEN 3ʹUTR-WT while PART1 overexpression elevated relative luciferase activity of PTEN 3ʹUTR-WT in U87MG cells. (E)
Overexpression of miR-190a-3p decreased relative luciferase activity of PTEN 3ʹUTR-WTwhile PART1 overexpression elevated relative luciferase activity of PTEN 3ʹUTR-
WT in LN-18 cells. **p<0.01; ***p<0.001.
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Figure 7 PART1 inhibited cell proliferation and induced apoptosis of glioma cells via upregulation of PTEN. (A) Transfection of PTEN siRNA decreased PTEN protein level

in U87MG cells and LN-18 cells. (B) PART1 overexpression inhibited cell proliferation while PTEN overexpression reversed cell proliferation inhibition in U87MG cells. (C)

PTEN overexpression rescued PART1 induced cell proliferation inhibition in LN-18 cells. (D) PTEN overexpression rescued PART1 induced cell apoptosis in U87MG cells.

(E) PTEN overexpression rescued PART1 induced cell apoptosis in LN-18 cells. **p<0.01; ***p<0.001.
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molecular mechanism and role of PART1 in glioma will be

further investigated in vivo in the future.
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