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Purpose: LINC00466 is a newfound long non-coding RNA (lncRNA) that has been rarely 
explored in cancers. However, the specific role and molecular mechanism of LINC00466 in 
glioma remain to be further elucidated.
Methods: Bioinformatic analysis was used to screen differentially expressed genes. 
Quantitative real-time PCR (qRT-PCR) was used to determine the expression of 
LINC00466, microRNA-137 (miR-137) and protein phosphatase 1 regulatory subunit 14B 
(PPP1R14B). Dual-luciferase reporter gene assay and RNA binding protein 
Immunoprecipitation (RIP) assays were employed to verify the binding relationship among 
LINC00466, miR-137 and PPP1R14B. The sensitivity of glioma cells to temozolomide 
(TMZ) was measured by cell counting kit-8 (CCK8) assay. The xenograft nude models 
were used to test the effects of LINC00466 on glioma tumor growth in vivo.
Results: Highly expressed LINC00466 and PPP1R14B and lowly expressed miR-137 were 
eventually revealed in glioma tissues. Overexpression of LINC00466 could promote prolif-
eration, metastasis and drug sensitivity to TMZ of glioma cells. LINC00466 could bind to 
miR-137, and up-regulation of miR-137 could attenuate the enhancing effects caused by 
LINC00466 overexpression. We took a further step and found that miR-137 could bind to 
PPP1R14B. Besides, LINC00466 could function as a sponge to miR-137 to regulate 
PPP1R14B. In addition, overexpression of LINC00466 could promote tumor growth in vivo.
Conclusion: These findings validate LINC00466 could restrain the miR-137 expression to 
up-regulate PPP1R14B and therefore promote proliferation, metastasis and resistance to 
TMZ of glioma.
Keywords: LINC00466/miR-137/PPP1R14B, glioma, proliferation and metastasis, 
temozolomide; TMZ

Introduction
Glioma is one of malignant tumors which can cause an adverse effect on the brain 
and spine.1,2 Mixed tumors, ependymoma, oligodendroglioma and astrocytoma are 
four common subtypes of this kind of tumor.3 The treatment methods of glioma 
focus on surgery, radiotherapy, and chemotherapy. These methods can improve the 
physical condition of patients. However, the infiltrative growth characteristics and 
chemotherapy resistance of glioma have brought challenges to the treatment of 
glioma.4 In response to these challenges, scientists have conducted in-depth 
research into the molecular mechanisms underlying glioma development and pro-
gression. Even so, the uncovered molecular mechanisms underlying glioma 
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development and progression were limited so far.5 

Therefore, an in-depth understanding of the underlying 
molecular and biological mechanisms of glioma progres-
sion will help us to develop new therapeutic and prognos-
tic approaches.

Non-coding RNAs contribute to the pathogenesis of 
different cancers, including glioma. Non-coding RNAs 
are almost involved in the proliferation, differentiation 
and metastasis of tumor cells. In addition, non-coding 
RNAs are constantly being discovered as biomarkers, 
and these discovered non-coding RNAs may serve as 
targets for tumor therapy.6 In the study of the occurrence 
and prognosis of glioma, the dysregulation of long non- 
coding RNAs (lncRNAs) has been recently considered to 
be associated with the occurrence and development of 
glioma.7,8 As for the correlation between lncRNAs and 
cancer, numerous studies have confirmed that lncRNAs 
play a crucial role in complex biological processes of 
glioma cells. LncRNAs can participate in gene regula-
tion through various mechanisms, including competing 
endogenous RNA (ceRNA) mechanisms. Besides, 
lncRNAs possess miRNA Responsible Elements 
(MRE), the binding sites with miRNAs by which they 
can potentially sponge miRNAs that lead to miRNA- 
mediated post-transcriptional regulation of target 
mRNAs.9,10 Meng et al found that lncRNA SNHG5 
acted as a ceRNA in glioma to regulate ZEB2 by com-
petitively binding to miR-205-5p, thereby affecting bio-
logical function of glioma.11 Liu et al proved that 
lncRNA H19 could promote glioma angiogenesis 
through miR-138/HIF-1α/VEGF axis.12 The discovery 
of these lncRNA-miRNA-mRNA signaling axes helps 
to the prognosis and diagnosis of glioma. However, 
studies concerning the lncRNA-miRNA-mRNA signal-
ing axis remain scarce.

Temozolomide (TMZ), an alkylating agent of the imi-
dazoline series, is a first-line chemotherapy drug in clinical 
treatment of malignant gliomas. After oral administration, 
it is absorbed rapidly and enters the cerebrospinal fluid 
through the blood-brain barrier, reaching an effective 
blood drug concentration in the central nervous system.13 

However, the resistance of TMZ to glioma poses heavy 
burden to glioma treatment.14 Some researchers found that 
certain lncRNAs such as SNHG15, NCK1-AS1 and 
MALAT1 could affect the sensitivity of glioma cells to 
TMZ chemotherapy.13,15,16 However, the roles of other 
lncRNAs in pathogenesis and TMA resistance of glioma 
are still unclear.

In this study, we first found that LINC00466 could 
promote proliferation, migration and invasion of glioma 
cells. Using bioinformatic analyses, we found that 
LINC00466 may affects glioma cells through miR-137/ 
PPP1R14B axis. Based on this, we aimed to investigate 
the expression, functional role, TMZ resistance and under-
lying mechanism of LINC00466 in glioma. Our results 
suggest LINC00466 can affect cell viability and TMZ 
resistance of glioma cells by regulating miR-137/ 
PPP1R14B axis.

Materials and Methods
Human Tissue Processing
The fresh original glioma tissues, adjacent non-cancerous 
were acquired (number = 30, including 11 males and 19 
females) after surgery. The patients which have treated by 
surgery between December 2018 and June 2020 in 
the second affiliated hospital of Zhejiang university and 
signed written informed consent. The ethics committee of 
the second affiliated hospital of Zhejiang university have 
consented the research (Approval No. 2020549, 
Supplement Figure1). Supplement Table 1 showed the 
clinicopathological data of the patients.

Cell Lines
All commercial cells used in this study were detailed in 
Supplement Table 2. Dulbecco’s modified Eagle medium 
(DMEM; Gibco, Grand island, NY, USA) supplemented 
with 10% fetal bovine serum (Gibco), 100 U/mL penicillin 
and 100 mg/mL streptomycin (Gibco) were used to culture 
cell. Cells were cultured at 37°C in a humidified atmo-
sphere of 5% CO2.

Cell Transfection
Cloned full-length sequence of LINC00466, LINC00466 
overexpression plasmid and pcDNA3.1 vector were 
accessed from Genechem Co., LTD. After achieving 
70% confluence in a well, treated cells were used for 
subsequent analysis. After the lentiviral transduction, 
cell lines were treated with 1 mg/mL purinomycin to 
obtain stably transfected cell lines. miR-137 mimic 
(miR-137), sh-miR-137, si-PPP1R14B and their corre-
sponding controls (NC) were purchased form Ribo Co., 
Ltd. (Guangzhou, china). Lipofectamine 3000 
(L3000015, Invitrogen, USA) was used to transfected 
cells following the standard process.
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Real-Time Quantitative PCR (qRT-PCR)
TRIzol reagent (Takara bio, Otsu, Japan) was used to 
extract total RNA from cells or human tissue following 
the standard process. All-in-One First-Strand cDNA 
Synthesis kit (GeneCopoeia, Rockville, MD, USA) was 
used to synthesized cDNA. qRT-PCR was performed on 
ABI 7900HT instrument (Applied Biosystems, USA). 
LncRNA and mRNA levels were detected by using the 
Sybr Green PCR Master Mix and miRNA levels were 
detected by using Miscript SYBR Green PCR Kit 
(Qiagen, Germany). LINC00466, PPP1R14B and miR- 
137 were normalized to GAPDH and U6, respectively. 
Supplement Table 3 listed the primers which were used 
in this study. 2−ΔΔCt method was used to analyze the 
results. The research was performed three times.

Western Blot (WB) Analysis
The samples of tissues and cells were lysed with Radio 
Immune Precipitation Assay (RIPA) lysis buffer 
(Beyotime Institute of Biotechnology, Haimen, china). 
SDS-PAGE was used to separated proteins and proteins 
were transferred to Polyvinylidene Fluoride (PVDF) mem-
branes (Roche, Basel, Switzerland). Five percent Bovine 
Serum Albumin or tris-buffered saline tween (BSA/TBST) 
were used to block the PVDF membranes. Then, primary 
antibodies were used to incubate the membranes overnight 
at 4 °C. Next, 1×TBST (Solarbio, Beijing, china) was 
employed to wash the membranes at room temperature. 
Horseradish Peroxidase (HRP)-labeled secondary antibody 
goat anti-rabbit IgG was sequentially added into the mem-
branes for incubation for 115 min at temperature of room. 
Membranes were washed with TBST three times, 20 min 
each time. Electrochemiluminescence (ECL) kit (Solarbio, 
Beijing, China) was used to visualized proteins bands. The 
experiment was made in three times. Supplement Table 4 
lists the information of antibodies.

RNA Binding Protein 
Immunoprecipitation
Magna RNA immunoprecipitation (RIP) kit (Millipore, 
USA) was used to complete RIP assay in T98G cells. 
The cell lysate was cultured in RIP buffer containing 
magnetic beads and then combined with human rabbit 
anti-Ago2 antibody. Input was used as positive control. 
IgG was used as negative control. Protease K was used to 
purify and immune-precipitate RNA. The sample and 
Input were digested by protease K and then RNAs 

(LINC00466 and PPP1R14B) were extracted for subse-
quent qRT-PCR analysis. All the antibodies used were 
listed in Supplement Table 4.

Cell Viability Assay and Colony 
Formation Assay
Cell Counting Kit-8 (CCK-8) (Dojindo, Kumamoto, 
Japan) was used to analyze cell proliferation. Cells were 
cultured in 96-well plates for 1d, 2d and 3d, respectively. 
100 μL T98G or A172 cell lines were planted into 96-well 
plates at a density of 5×103 cells/100 μL. Each treatment 
was conducted in triplicate. The absorbance value at 450 
nm was measured by an enzyme-labeled instrument 
(Molecular Devices, Sunnyvale, CA, USA). For TMZ 
experiments, cells were seeded in 96-well plates and cul-
tured for 1d, followed by treatment with 200uM TMZ for 
another 2d. For colony formation assay, 1×103 cells/well 
T98G or A172 cells were added into plates with 6 repeated 
wells for each treatment. After 14 days, the culture med-
ium was replaced. The colonies were fixed in 30% 
Formaldehyde (thermo fisher, USA) for 15 min, and then 
stained with 0.1% Crystal Violet (thermo fisher, USA).

Transwell Assay
T98G and A172 cells in logarithmic growth stage were 
starved for 24 h, and the cells were digested, centrifuged 
and resuspended on next day. The upper Chambers of the 
Transwell filter chamber are coated with Matrigel or not 
(50 µL, 356234, BD, franklin lakes, NJ) per well. The 
cells were inoculated into the apical cavity of the 
Transwell filter and incubated in serum-free medium for 
24 hours (medium containing 10% fetal bovine serum was 
added to the basolateral cavity). The invasive/transitional 
cells below the filter were fixed with 5% glutaraldehyde, 
stained with 0.1% crystal violet, and counted microscopi-
cally. The invasion/migration ability of each group was 
determined by the number of cells in the gum.

Dual-Luciferase Assay
Psicheck Luciferase Reporter vectors (Sangon co., LTD, 
shanghai, china) ligated with Wild-Type (WT) and 
Mutant-Type (MUT) PPP1R14B/LINC00466 3ʹ- 
untranslated-regions (3ʹUTR) were established. 
Thereafter, HEK293T cells (Thermo Fisher, USA) were 
added into 48-well plates for 24 h of incubation. miR-137/ 
NC and PPP1R14B/LINC00466 WT-vector/MUT-vector 
were co-transfected into cells. Dual-luciferase reporter 
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assay system (Promega) was used to analyze the results. 
Experiments were repeated at least three times.

Fluorescence in situ Hybridization (FISH) 
and Subcellular Fractionation
FISH assay was performed using ribo™ fluorescent in situ 
hybridization Kit (Ribobio company, china). For FISH 
assay, fluorescent probe for LINC00466 was purchased 
from Ribo Co., Ltd. (Guangzhou, China). The result was 
observed under a fluorescence microscope (Thermo Fisher, 
USA) and the images were taken. Nuclear and cytoplasmic 
separation in A172 cells was performed by using PARIS 
Kit (Life Technologies, Carlsbad, USA), and then qRT- 
PCR was implemented to detect the expression of 
LINC00466 and reference genes (U6 and GAPDH) in 
nucleus and cytoplasm.

Immunohistochemical (IHC) Analysis
IHC assay was performed as Ho et al recommended.17 In 
brief, paraffin-embedded tissue sections were deparaffi-
nized in xylene and treated with ethanol in gradient con-
centration. The endogenous peroxidase was inactivated 
using PBS with 1% H2O2 for 10 min, after which the 
sections were washed with PBS three times and incubated 
with 5% skim milk/PBS for 30 min to decrease non- 
specific binding. The sections were subsequently diluted 
with 5% skim milk/PBS and incubated with anti- 
PPP1R14B and Ki-67 antibodies for 16 h at 4°C. After 
being washed with PBS twice, the sections were detected 
by IHC detection system. 3, 3ʹ-diaminobenzidine liquid 
substrate (Sigma-Aldrich, USA) was used for observation 
of specific immunostaining, followed by hematoxylin for 
counterstaining. Non-immune IgG in the same concentra-
tion was used as negative control. The information of all 
antibodies in the experiment was shown in Supplement 
Table 4.

Nude Mouse Transplantation Tumor 
Experiment
Female nude mice were subcutaneously injected in the 
underarm area with a suspension of 1×107 cells in 200 ul 
of PBS. The mice were observed 4 weeks before killing 
and recovery of the tumors. Tumor growth was measured 
after one week. The formula: Volume (cm3) = (length × 
width2)/2 was used to measured tumor volume. The ethics 
committee of the second affiliated hospital of zhejiang 
university have consented the research (Approval No. 

2020106, Supplement Figure2). Animal studies were per-
formed in compliance with the ARRIVE guidelines. All 
animals received humane care according to the National 
Institutes of Health (USA) guidelines.

Statistical Analysis
SPSS 22.0 software (SPSS; Lnc, Chicago, IL, USA) was 
used to analyze all data. Measurement data were expressed 
in Mean ± Standard Deviation (SD). The data of two 
groups were compared by t test, whereas multiple group 
data were compared with One-Way ANOVA. The relation-
ship between LINC00466 expression and clinicopatholo-
gical data parameters were analyzed by χ2 test. P<0.05 was 
considered highly significant, P<0.01and P<0.001 was 
considered extremely significant.

Results
LINC00466 Expression is Increased in 
Glioma Tissues and Cell Lines
Previously, increased level of LINC00466 has been 
linked to malignant characteristics of cancer cells18,19 

but its role in glioma has not been fully appreciated. 
Here, we first compared the level of LINC00466 
between normal brain tissue and glioma tissue (TCGA- 
GBM/LGG) and found that LINC00466 was signifi-
cantly higher in the glioma samples as compared to 
that in the normal brain (Figure 1A and B). The expres-
sion level of LINC00466 between GBM and LGG was 
also compared with the data of TCGA and GTEx data-
bases. The results showed the expression level of 
LINC00466 has no difference between GBM and LGG 
(Figure 1C). The results showed that the LINC00466 
expression level was higher in glioma tissues compared 
with paired adjacent tissues (Figure 1D, P<0.01). For 
WHO grade, the expression level of LINC00466 was 
significantly increased in WHO grade (III–IV) compared 
with WHO grade (I–II) (Figure 1E, P<0.05). Meanwhile, 
the expression of LINC00466 was also elevated in 
glioma cell lines (LN308, T98G, A172) compared with 
normal astroglia cell lines (HEB) (Figure 1F, all 
P<0.001). Furthermore, in order to judge the function 
of LINC00466 we detected the fraction of LINC00466 
and showed that LINC00466 located in both cytoplasm 
and nucleus (Figure 1G and H). Overall, these findings 
indicated that LINC00466 were high expression in 
glioma and showed the function of ceRNA.
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LINC00466 Promotes Glioma Cells 
Activity and Cell Resistance to TMZ
LINC00466 was found to play an active role in tumorigenesis 
based on its expression in clinical tissues and cells of glioma. 
Therefore, we reasoned that up-regulation of LINC00466 
could promote the activity of glioma cells. To validate the 
possibility, we examined the effects of overexpressing 
LINC00466 on glioma cell proliferation, migration and inva-
sion. T98G and A172 cell lines were used for subsequent cell 
experiments. Oe-LINC00466 and negative control were trans-
fected into T98G and A172 cells, respectively. Transfection 
efficiency was detected to be well in cells transfected with oe- 
LINC00466, as suggested by qRT-PCR plotted in Figure 2A. 
CCK8 assay and colony formation assay showed that up- 
regulation of LINC00466 considerably facilitated the viability 
of T98G and A172 cells (Figure 2B and C). We further 

evaluated the effect of LINC00466 on migration and invasion 
abilities of glioma cells by transwell assays, finding that their 
abilities were remarkably increased after overexpression of 
LINC00466 (Figure 2D and E). These findings validated that 
LINC00466 could act as an oncogene to promote proliferation, 
migration and invasion of glioma cells. We then investigated 
the effects of TMZ on T98G and A172 cells. As shown in 
Figure 2F, using CCK8 assays, treatment with LINC00466 
significantly attenuated TMZ cytotoxicity in T98G and A172 
cells. These results implied that LINC00466 could promote 
glioma cell activity and cell resistance to TMZ.

LINC00466 Functions as a Sponge for 
miR-137 in Glioma Cells
To explore whether miRNAs participate in LINC00466- 
mediated glioma cell proliferation, migration, invasion and 

Figure 1 The expression of LINC00466 is highly in tissues and cell lines of glioma. (A) Volcano plots of the DElncRNAs in TCGA-LGG/GBM database (up-regulated genes 
were defined as red and down-regulated genes were defined as green); (B) Differential expression of LINC00466 in Tumor and Normal of TCGA-GBM/LGG; (C) 
Differential expression of LINC00466 among Normal, LGG and GBM of the data in TCGA and GTEx database; (D) The expression level of LINC00466 in the tissue of 
glioma and adjacent normal tissues was detected by qRT-PCR; (E) The expression of LINC00466 in glioma of WHO grade (I–II) and WHO grade (III–IV); (F) The expression 
of LINC00466 in three glioma cell lines and one astroglia cell line was detected by qRT-PCR; (G) The location of LINC00466 in glioma tissues was identified by FISH 
experiments; (H) the expression levels of GAPDH (cytoplasmic marker), U6 (nuclear marker) and LINC00466 after the separation of cell nucleus and cytoplasm in A172 
cells were examined.
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sensitivity to TMZ treatment, we conducted a differential 
analysis using the miRNA expression profile from TCGA- 
GBM/LGG and used miRcode database to predict the 
miRNAs regulated by LINC00466. The target miRNA of 
miR-137 was obtained (Figure 3A). miR-137 expression 
was significantly down-regulated in tumor tissues (Figure 
3B and C). Dual-luciferase Reporter gene assay showed 
that miR-137-mimic inhibited the luciferase activity of 
LINC00466-WT, while had no influence on LINC00466- 
MUT, suggesting there was a targeted relationship 
between miR-137 and LINC00466 (Figure 3D). RIP 
experiments were performed with T98G and A172 cell 
lines and further validated their relationship (Figure 3E). 
In addition, we detected the effects of LINC00466 over-
expression on the expression level of miR-137 in T98G 
and A172 cell lines, showing that miR-137 was signifi-
cantly decreased in cells upon overexpression of 
LINC00466 (Figure 3F). Taken together, these findings 
displayed that LINC00466 could serve as a sponge to 
bind with miR-137.

In order to prove that LINC00466 could regulate cell 
biological functions by binding to miR-137, we divided 
cell lines into 3 treatment groups (oe-NC+miR-NC, oe-NC 
+miR-mimic, oe-LINC00466+miR-mimic). As revealed 
by CCK8 assay, overexpressing miR-137 resulted in 
a significant decrease in cell viability, while such effect 
was significantly reversed when miR-137 and LINC00466 
were simultaneously overexpressed (Figure 4A). In terms 
of cell migration and invasion abilities, they were consid-
erably decreased after overexpression of miR-137, while 
their abilities were revised when miR-137 and LINC00466 
were simultaneously overexpressed (Figure 4B and C). 
Finally, we tested the effects of miR-137 on LINC00466- 
attenuated glioma cell sensitivity to TMZ treatment. As 
shown in Figure 4D, down-regulation of miR-137 expres-
sion significantly influenced LINC00466-mediated glioma 
cell sensitivity to TMZ treatment (Figure 4D). 
Collectively, these findings illustrated that LINC00466 
might regulated glioma cell proliferation, migration, inva-
sion and sensitivity to TMZ by binding to miR-137.

Figure 2 LINC00466 can promote glioma cell activity and resistance to TMZ. (A) The expression of LINC00466 in T98G and A172 cells treated with oe-NC and oe- 
LINC00466; (B) The viability, (C) colony formation, (D and E) migration combined with invasion of T98G and A172 cells with overexpression of LINC00466 were detected 
by CCK8 assay, colony formation assay and Transwell assay; (F) Effects of LINC00466 on the resistance of glioma cells to TMZ (200uM).
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LINC00466 Promotes PPP1R14B 
Expression by Inhibiting miR-137
To find the mRNAs that were involved in LINC00466/miR- 
137 regulation of glioma activity, integrated bioinformatical 
analysis (miRTarBase, TargetScan and mirDIP) were used to 
find genes. We identified 2 potential miR-137 target mRNAs, 
PPP1R14B and EZH2 (Figure 5A). Of which, PPP1R14B 
were high expression in tumor tissue (Figure 5B and D). The 
survival analysis showed that the survival time of patients with 
high expression of PPP1R14B was significantly lower than 
that of patients with low expression of PPP1R14B (Figure 5C). 
TargetScan database was employed and found that there 
existed potential binding site of miR-137 on PPP1R14B 
3ʹUTR. Dual-luciferase reporter gene assay illustrated that up- 
regulation of miR-137 could inhibit the luciferase activity of 
PPP1R14B-WT but had no impact on PPP1R14B-MUT, 

suggesting miR-137 could target PPP1R14B (Figure 5E). 
RIP assay confirmed the interaction between PPP1R14B and 
miR-137 in T98G cells (Figure 5F). In addition, we detected 
the effect of LINC00466 and miR-137 on the expression level 
of PPP1R14B in T98G cell lines, showing that PPP1R14B was 
significantly increased in cells upon overexpression of 
LINC00466. The PPP1R14B was significantly decreased in 
cells upon overexpression of miR-137 (Figure 5G). These 
results showed that LINC00466 was very likely to competi-
tively bind to miR-137 with PPP1R14B to regulate occurrence 
and development of glioma.

Furthermore, we also explored LINC00466/miR-137/ 
PPP1R14B axis on the biological function of glioma cells. 
CCK8 and transwell assays revealed that silencing 
PPP1R14B and overexpression of miR-137 could suppress 
the promotion of proliferation and metastasis of glioma cells 

Figure 3 MiR-137 is the direct target of LINC00466. (A) VENNY plot of the predicted target miRNAs of LINC00466; (B) Differential expression of miR-137 in Tumor and 
Normal of TCGA-GBM/LGG; (C) The expression level of miR-137 in tissue of glioma and adjacent normal tissues; (D) The target binding site between miR-137 and 
LINC00466 and the results of dual luciferase assay; (E) The co-immunoprecipitation of LINC00466 and miR-137 in T98G and A172 cell lines was evaluated by RIP assay; (F) 
The relative expression of miR-137 in T98G and A172 cell lines after overexpressing LINC00466.
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Figure 4 LINC00466 regulates glioma cell activity and sensitivity to TMZ treatment by targeting miR-137. (A) The viability, (B and C) migration combined with invasion 
abilities of T98G and A172 cells in different treatment groups were measured by CCK8 assay and Transwell assay; (D) Effects of LINC00466 and miR-137 on resistance of 
glioma cells to TMZ (200uM).
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by up-regulation of LINC00466 (Figure 6A, C and D). The 
impaction of LINC00466/miR-137/PPP1R14B axis on the 
sensitivity of glioma cell to TMZ showed LINC00466 and 
PPP1R14B could promote the resistance of glioma cell to 
TMZ. The results of miR-137 were opposite (Figure 6B). 
Taken together, these findings suggested LINC00466 might 
promoted the expression of PPP1R14B to regulate cell activity 
and resistance to TMZ treatment of glioma cells by competi-
tively binding to miR-137.

In vivo Experiments Prove That 
Overexpressing LINC00466 Promotes 
Glioma Tumor Growth
To investigate the role of LINC00466 in glioma tumor 
growth in vivo, T98G cell line with lentivirus-coated 

LINC00466 overexpression plasmid was inoculated into 
nude mice (oe-LINC00466 group), and the cell line with 
blank lentivirus plasmid was used as oe-NC (oe-NC group). 
The results displayed that LINC00466 overexpression 
noticeably fostered tumor growth (Figure 7A). Besides, the 
tumor size was significantly larger in oe-LINC00466 group 
compared with oe-NC group (Figure 7B). These findings 
noted that LINC00466 had a promoting effect on tumor 
growth of glioma. In addition, we also detected the expres-
sion levels of LINC00466/miR-137/PPP1R14B in the 
tumors. As shown in Figure 7C, we discovered that com-
pared to the oe-NC, LINC00466 and PPP1R14B expression 
levels were markedly enhanced and miR-137 expression was 
decreased. In the treatment group of oe-LINC00466, the 
protein expression levels of PPP1R14B, N-cadherin, 
Vimentin, β-catenin, MMP-2, MMP9 and Cyclind1 were 

Figure 5 LINC00466 facilitates PPP1R14B expression by inhibiting miR-137. (A) VENNY plot of the predicted target mRNAs of miR-137; (B) Differential expression of 
miR-137 in Tumor and Normal of TCGA-GBM/LGG; (C) The survival curves of PPP1R14B expression level to the prognosis of patients, high-expression group was defined 
as red line, and low-expression group was defined as blue line; (D) The expression level of PPP1R14B in glioma tissues and adjacent normal tissues; (E) The target binding 
site between miR-137 and PPP1R14B and the results of dual luciferase assay; (F) The co-immunoprecipitation of miR-137 and PPP1R14B in T98G cells was evaluated by RIP 
assay; (G) The relative expression levels of LINC00466, miR-137 and PPP1R14B in different groups of T98G cells.
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higher than the expression levels of these proteins in oe-NC 
(Figure 7D). The expression level of E-cadherin was oppo-
site. IHC was performed to measure the expression of 
PPP1R14B and proliferation-related protein Ki67 in nude 
mice tissues of oe-NC and oe-LINC00466 groups, and it 
was found that the expression levels of PPP1R14B and Ki- 
67 were evidently increased upon overexpression of 
LINC00460 (Figure 7E). Collectively, these findings demon-
strated that overexpression of LINC00466 could promote 
tumor growth of glioma.

Discussion
LncRNAs are RNAs which include more than 200 nucleo-
tides and lncRNAs lack open reading frames.20 In recent 

years lncRNAs have been reported participated in the 
development of tumors21 and other diseases.22 The patho-
genesis of glioma is complex, the prognosis is poor, the 
mortality is high, and the effect of operation, radiotherapy 
and chemotherapy is poor for glioma. Although the patho-
genesis of glioma is still unclear, more and more evidence 
shows that many lncRNAs and miRNAs are involved in 
the pathogenesis of glioma.23 For our study, we proved 
that LINC00466 was highly expressed. LINC00466 could 
improve the activity of glioma cells. In addition, over-
expression of LINC00466 could contribute to knockdown 
of miR-137 and regulate downstream gene PPP1R14B 
expression through sponging miR-137. We also proved 
that miR-137 could inhibit the progression of tumor by 

Figure 6 The effects on glioma cell activity and sensitivity to TMZ treatment by LINC00466/miR-137/PPP1R14B axis. (A) The viability abilities of T98G cells in different 
treatment groups were measured by CCK8 assay; (B) Effects of LINC00466/miR-137/PPP1R14B axis on cell resistance to TMZ (200uM); (C and D) The cell migration and 
invasion abilities of T98G cells in different treatment groups.
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decreasing the expression of PPP1R14B. The results of 
nude mice study also proved that the tumor growth could 
be promoted when the expression of LINC00466 was 
elevated. Thus, the LINC00466/miR-137/PPP1R14B axis 
could increase the activity of glioma cells and sensitivity 
of glioma cell to TMZ, which implied these genes could 
be regarded as biomarkers and therapeutic target in the 
treatments of glioma.

In recent years, LINC00466 has been found to be 
highly expressed in lung squamous cell carcinoma,24 

breast cancer19,25 and lung adenocarcinoma.18 In lung 
adenocarcinoma, Ma et al reported that the expression of 
LINC00466 in cancer tissues and cell lines was signifi-
cantly higher than that in the corresponding adjacent nor-
mal tissues and normal bronchial epithelial cell lines.18 

However, the expressive status of LINC00466 in glioma 
is lack. The experiments of our study first showed that the 
expression of LINC00466 in glioma tissues and cell lines 
was significantly increased compared with adjacent normal 
tissue pairs and normal human brain astrocyte cell lines, 
which was consistent with the status of LINC00466 in 
other cancers. For clinical significance of LINC00466, it 
was significantly associated with clinical stage in lung 
cancer.18 The relationship between LINC00466 expression 
and clinicopathological features was analyzed. We found 
LINC00466 expression level was significantly increased in 
WHO grade (III–IV) compared with WHO grade (I–II) of 
glioma samples. These studies consistently suggest that 

overexpression of LINC00466 may serve as a biomarker 
for the diagnosis of glioma patients.

In the process of gene transcription and translation, 
lncRNAs and miRNAs play important roles. The interaction 
between lncRNA and miRNA is called competitive endo-
genous RNA (ceRNAs).26,27 In glioma, some lncRNAs play 
the function of an endogenous “sponge” for miRNAs to 
influence malignant progression of glioma. Li and his part-
ners found NEAT1 could regulate miR-152-3p/CCT6A axis 
to promote the progression of glioma.28 LINC00294 has also 
been found negatively modulated the activity of glioma cells 
via influence the expression of miR-1278.29 In this work, 
LINC00466 overexpression influenced the proliferation, 
migration, invasion of glioma and cell resistance to TMZ 
treatment. Another fundamental finding was that LINC00466 
had the ability to bind to miR-137. Some researchers have 
reported miR-137 might inhibited tumorigenesis and this 
miRNA could be regulated by lncRNA-XIST and NCK1- 
AS1.13,30 The results of our study also showed the expression 
of miR-137 was obviously decreased in tissues of glioma 
compared with the tissues of normal non-tumor. Up- 
regulation of LINC00466 inhibited miR-137 expression 
and regulated the biological function that played by miR- 
137. These results showed miR-137 as a negative regulator in 
glioma and it could also be regulated by LINC00466.

PPP1R14B is required for cell migration and retraction, 
which is an inhibitor of protein-phosphatase 1.31 The 
abnormal expression of PPP1R14B has been proved in 

Figure 7 Overexpressing LINC00466 promotes tumor growth of glioma in nude mice. (A) Tumor weight and (B) tumor size in oe-NC and oe-LINC00466 groups; (C) The 
expression levels of LINC00466, mir-137 and PPP1R14B in the tumors; (D) The protein levels of PPP1R14B, proteins which were related to EMT and proteins which were 
related to proliferation in tumor tissues were measured by WB assay (E) The expression levels of PPP1R14B and Ki67 in tumor tissues were detected by IHC assay (10um).
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some types of cancer including melanoma and ovarian 
clear cell carcinoma.31,32 PPP1R14B was also thought to 
have relationship with the development of tumor. In this 
study, RIP combined with the experiment of luciferase 
reporter assay verified PPP1R14B was direct target of 
miR-137. Furthermore, the results of our research proved 
the up-regulation of LINC00466 promoted the expression 
of PPP1R14B by downregulating miR-137. These results 
implied that LINC00466 promoted the malignant progres-
sion and resistance to TMZ of glioma by regulating miR- 
137/PPP1R14B axis.

Conclusion
In conclusion, our study predicted that the LINC00466/ 
miR-137/PPP1R14B signaling axis was closely linked to 
the malignant progression and resistance to TMZ of 
glioma, and we also confirmed that LINC00466 played 
a positive regulatory role in glioma cells. MiR-137 was 
the target of LINC00466 and PPP1R14B was the target of 
miR-137. Overexpression of LINC00466 increased the 
expression of PPP1R14B, promoted the proliferation, 
metastasis and cell resistance to TMZ of glioma. These 
findings lay a foundation for the exploration on the novel 
targeted therapy of glioma.

Highlights
1. LINC00466 and PPP1R14B were up-regulated in 

glioma tissues and cells, miR-137 was down- 
regulated in glioma tissues and cells.

2. Overexpression of LINC00466 promoted glioma 
cells progression and resistance to TMZ.

3. LINC00466 promoted glioma progression by regu-
lating miR-137.

4. LINC00466 targeted miR-137 to elevate the expres-
sion of PPP1R14B.

5. LINC00466 facilitated tumor growth in vivo.
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