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1  | INTRODUC TION

Glioma is the most prevalent and aggressive malignant primary brain 
tumour. Although many therapeutic advances have emerged, glioma 
remains one of the deadliest of all kinds of cancer due to aggressive 
cell proliferation, migration and invasion.1,2 Therefore, it draws great 
attention to explore the underlying mechanisms and effective ther-
apeutic targets in glioma.

During the last decade, long non-coding RNAs (lncRNAs) have 
been identified as significant regulators in tumorigenesis and de-
velopment by many studies. For instance, lncRNA DSCR8 elevates 

in hepatocellular carcinoma, and progression is promoted by acti-
vating the Wnt/β-catenin signalling pathway.3 LncRNA NFAT5 and 
LSINCT5 are up-regulated in glioma and promote the proliferation 
of glioma.4,5 Linc00475 is located on chromosome 9q22.31 and has 
nine transcripts. Recently, linc00475 has been proposed to be asso-
ciated with the overall survival of glioblastoma multiforme patients, 
while the underlying molecular mechanisms of linc00475 in glioma 
remain to be addressed.6

Compelling studies have demonstrated that many lncRNAs could 
function as competing endogenous RNAs (ceRNA) to bind with spe-
cific microRNAs (miRNAs). MiR-141-3p plays suppressive roles in 
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Abstract
Glioma is the most prevalent and lethal primary brain tumour. Abundant long non-
coding RNAs ( lncRNAs) are aberrant and play crucial roles in the oncogenesis of 
glioma. The exact functions of linc00475 in glioma remain blurred. Here, we ana-
lysed the expression levels of linc00475 by qRT-PCR and discovered that linc00475 
was up-regulated in glioma and predicted a poor prognosis in patients with glioma. 
Besides, inhibiting linc00475 restrained the progression of glioma in vitro and in vivo. 
Further experiments confirmed that linc00475 regulated the progression of glioma 
by acting as a sponge for miR-141-3p. Moreover, we detected the binding sites of 
linc00475 and miR-141-3p, the YAP1- 3′UTR and miR-141-3p by luciferase reporters. 
The rescue assays confirmed that inhibiting linc00475 restrained the progression of 
glioma through the miR-141-3p/YAP1 pathway. Collectively, our research demon-
strates the key roles of linc00475 in glioma, which could be a promising therapeutic 
target.
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hepatocellular carcinoma, osteosarcoma, nasopharyngeal carcinoma 
and breast cancer.7-10 In addition, miR-141-3p is down-regulated and 
restrains the tumorigenesis of glioma cells.11 Although the anti-on-
cogenic role of miR-141-3p on glioma has been reported, the mecha-
nistic details are limited.12

The Hippo pathway is involved in the regulation of organ devel-
opment and the progression of tumours. Yes-associated protein 1 
(YAP1), a significant downstream effector of the Hippo pathway, has 
emerged as a key transcriptional factor promoting the proliferation 
of cancer.13 In addition, high YAP1 expression glioma is more aggres-
sive and is associated with poor outcomes.14,15 It has been recently 
reported that miR-141-3p limits the proliferation of stem cells in api-
cal papilla by regulating YAP (YAP1).16 Nevertheless, whether YAP1 
is the target of miR-141-3p in glioma is poorly defined.

In the present study, we revealed that linc00475 is amplified in 
glioma and was correlated with a poor prognosis. We analysed the 
roles of linc00475 in the biological function of glioma in vitro and 
in vivo. Moreover, we validated that linc00475 exerts its oncogenic 
function by binding with miR-141-3p, abolishing the decrease of 
YAP1 expression, and activating the Hippo pathway. Taken together, 
the linc00475/miR-141-3p/YAP1 axis provides a promising target for 
glioma therapy.

2  | MATERIAL S AND METHODS

2.1 | Tissue specimens

Forty glioma tissues and 15 normal brain tissues (NBTs, from injury 
patients) were collected from glioma patients at Shengjing Hospital 
between October 2011 and September 2014. The clinical character-
istics of the patients, including age, pathological grade, gender and 
the date of death from glioma are displayed in Table S1. All patients 
provided informed consent, and this study was approved by the 
Ethics Committees of Shengjing Hospital (No. 2016PS366K).

2.2 | Cell culture and reagents

Authenticated U87 and U251 glioma cell lines as well as HEK293T 
cells were gained from the Chinese Academy of Medical Sciences 
(Beijing, China) and routinely cultured in DMEM/high glucose me-
dium with 10% heat-inactivated FBS (Life Technologies). Normal 
human astrocytes (NHA) were purchased from ScienCell Research 
Laboratories and cultured in RPMI-1640 medium with 10% FBS. All 
cells were maintained at 37°C in 5% CO2.

2.3 | Cell transfection

The assays were performed using the Lipofectamine 3000 reagent 
(Invitrogen) as described previously.17 Sh-linc00475 (shRNA#1 and 

shRNA#2), pre-miR-141-3p, anti-miR-141-3p, YAP1 and their nega-
tive controls (sh-NC, pre-NC and anti-NC) were purchased from 
GenePharma. The sh-linc00475, pre-miR-141-3p, anti-miR-141-3p 
sequences and their negative controls are listed in Table S2.

2.4 | Real-time PCR

The PCR assay was carried out as the protocols depicted previ-
ously.18 Briefly, total RNA from tissues or cells was extracted using 
Trizol reagent. The PCR assay was performed on an ABI 7500 sys-
tem. GAPDH or U6 was employed as the endogenous control for 
linc00475 or miR-141-3p, respectively. The sequences of primers 
were listed in Table 1.

2.5 | Western blot analysis

The Western blot analysis was undertaken as our previous study.19 
The primary antibodies as below: YAP1 (1:1000, abcam), GAPDH 
(1:1000, Santa Cruz Biotechnology), MMP2 (1:1000, abcom).

2.6 | Dual-luciferase reporter assays

The linc00475 and miR-141-3p binding sequences were pre-
dicted by the bioinformatics Lncbase (http://carol ina.imis.athen 
a-innov ation.gr/).20 The YAP1-3′UTR and miR-141-3p binding se-
quences were predicted by ENCORI bioinformatics (http://starb 
ase.sysu.edu.cn/).21 The wild-type and corresponding mutant 
sequences of linc00475 and the YAP1-3′UTR were cloned into 
the pmirGLO Dual-Luciferase Vector (linc00475-wt or linc00475-
mut; YAP1-3′UTR-wt or YAP1-3′UTR-mut; GenePharma). Then, 
HEK293T cells were co-transfected with the pmirGLO vector 
and miR-141-3p agomir, respectively., Luciferase activity was de-
tected after 48 hours, following the manufacturer's instructions 
(Promega).

TA B L E  1   Primers for qPCR

Gene Primers

linc00475 Forward: 5′-TGTAGTCGGCTGGCTGAGGTC-3′

Reverse: 5′-CCTAAGTGTCGGCTGTGCATGG-3′

GAPDH Forward: 5′-AAATCCCATCACCATCTTCCAG-3′

Reverse: 5′-TGATGACCCTTTTGGCTCCC-3′

linc00475 Forward: 5′-TGTAGTCGGCTGGCTGAGGTC-3′

Reverse: 5′-CCTAAGTGTCGGCTGTGCATGG-3′

miR-141-3p Forward: 5′-GCGCGTAACACTGTCTGGTAA-3′

Reverse: 5′-AGTGCAGGGTCCGAGGTATT-3′

U6 Forward: 5′-CTCGCTTCGGCAGCACA-3′

Reverse: 5′-AACGCTTCACGAATTTGCGT-3′

http://carolina.imis.athena-innovation.gr/
http://carolina.imis.athena-innovation.gr/
http://starbase.sysu.edu.cn/
http://starbase.sysu.edu.cn/
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2.7 | Cell viability assay

The Cell Counting Kit 8 (CCK-8) assay (DOJINDO) was used to de-
tect cell viability. The cells were seeded in 96-well plates (2000 cells 
per well), supplemented with 10 μL CCK-8 reagent and incubated 
for 2 hours. Absorbance was measured at 450 nm on a microplate 
reader.

2.8 | Transwell assay

The transwell assay was conducted in 24-well plates with 8-µm 
chamber filters (Corning) to detect cell migration and invasion. A 200 

μL aliquot of serum-free cell suspension (5 × 105 cells) was seeded in 
the upper chamber (for the invasion assay, the Matrigel was coated 
in advance). Then, 600 μL of culture medium (containing 10% FBS) 
was placed in the lower chamber. After 24 hours of incubation, the 
cells that penetrated the lower side of the membrane were stained 
with Giemsa. The migrated and invaded cells were counted by opti-
cal microscopy.

2.9 | Tumour growth assay in nude mice

BALB/c nude mice were fed according to a protocol approved by the 
Ethics Committee of Shengjing Hospital. The mice were randomly 

F I G U R E  1   Linc00475 is over-expressed in glioma tissues and cells. A, Linc00475 is one of the most up-regulated lncRNAs in glioma 
according to the TCGA datasets (Cancer RNA-Seq Nexus). Columns refer to the samples and rows refer to up-regulated lncRNAs. The 
datasets includes 156 glioma samples (1) and 5 normal tissues (2), P < .01. B, qRT-PCR analysis of linc00475 expression in normal human 
astrocytes (NHA) and glioma cells (U87 and U251). **P < .01 vs NHA. C, Expression of linc00475 in 15 cases of normal brain tissues (NBTs), 
20 cases of low-grade glioma (LGG) and 20 cases of high grade glioma (HGG). **P < .01 vs NBTs. D and E, Over-expressed linc00475 was 
associated with shorter OS in LGG (D) and Glioblastoma (E) (GEPIA). F, Overall Kaplan–Meier survival curve for a cohort of 40 glioma 
patients, according to the linc00475 expression levels. The linc00475 RNA levels were normalized to those of GAPDH
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divided into three groups (Vector, shRNA1 and shRNA2). Glioma 
cells transfected with sh-linc00475 or shRNA were injected with 
0.1 mL into the anterior right flank for the subcutaneous model. 
We measured tumour nodules every 5 days and executed the mice 
45 days after injection. Then, the tumours were dissected and 
weighted. We used the formula V (cm3) = 0.5 × (length × width2) 
to calculate tumour volume. The same transfected glioma cells 
were injected into the right striatum of the mice for orthotopic 
transplantation, and the number of surviving mice was recorded 
every day.

2.10 | Statistical analysis

Data are presented as mean ± SD and analysed using GraphPad 
Prism 7. One-way analysis of variance, the Kaplan-Meier method, 
or Student's t test was carried out to detect significant differences 
between groups. A P-value < .05 was considered significant.

3  | RESULTS

3.1 | Linc00475 is over-expressed in glioma tissues 
and cells

LncRNAs have been confirmed to play significant roles in the regula-
tion of many cancers, including glioma. To explore the changes of 
lncRNAs in glioma, we analysed The Cancer Genome Atlas (TCGA) 
datasets and linc00475 emerged as one of the most up-regulated 
lncRNAs in glioma (Figure 1A).22 Then, we detected the expression of 
linc00475 in a cohort of 40 glioma tissues and glioma cells by qRT-PCR. 
As predicted, linc00475 in glioma tissues was observed to be triple 
the levels of normal brain tissues (NBTs) (Figure 1B,C). Furthermore, 
the analysis of overall survival (OS) from Gene Expression Profiling 
Interactive Analysis (GEPIA) indicated that glioma patients with am-
plified linc00475 had shorter OS for both low-grade glioma (LGG) 
and glioblastoma (GBM) (Figure 1D,E).23 Consistently, our survival 
analysis of 40 glioma patients showed a similar trend (Figure 1F).

F I G U R E  2   Linc00475 promotes the 
progression of glioma cells in vitro. A, 
Expression of linc00475 in glioma cells 
after transfection with sh-linc00475 or 
the vectors. B, Cell viability of glioma 
cells was assessed by the CCK-8 assay 
after transfection with sh-linc00475 or 
the vectors. C, Effect of linc00475 on 
migration and invasion of glioma cells. D, 
Western blot analysis of YAP1 and MMP2 
expression in the glioma cell lines after 
transfection with sh-linc00475. For A-C, 
variables are shown as mean ± SD. (n = 3, 
each group), *P < .05 vs Vector group. 
Scale bars represent 20 μm
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3.2 | Linc00475 promotes the progression of glioma 
cells in vitro

Given the elevated expression of linc00475 in glioma and its as-
sociation with shorter OS, we further explored the effect of 
linc00475 in glioma cells. We synthesized two target siRNAs to 
establish the glioma cells with suppressed linc00475. After vali-
dating transfection efficiency, we performed the CCK-8 and tran-
swell assays to determine cell viability, migration and invasion 
(Figure 2A). As predicted, knock-down of linc00475 repressed the 
proliferation of glioma cells (Figure 2B). Similarly, sh-linc00475 
significantly limited the migration and invasion ability of glioma 
cells (Figure 2C). Matrix Metalloproteinase 2 (MMP2), which is in-
volved in regulating the extracellular matrix, plays significant roles 
in glioma migration and invasion.24 We detected the expression of 
MMP2 and found that it decreased in sh-linc00475 glioma cells 
(Figure 2D).

3.3 | Restrained linc00475 inhibits glioma growth 
in vivo

To further confirm the oncogenesis of linc00475 in glioma, we pre-
pared subcutaneous tumour models and orthotopic xenografts. The 

tumours in the shRNA1 or shRNA2 groups grew smaller compared 
with those in the Vector group (Figure 3A,B,D,E). Additionally, in-
hibiting linc00475 prolonged the survival time of the orthotopic 
xenografts (Figure 3C). These findings illuminate that knock-down 
of linc00475 inhibited glioma in vivo.

3.4 | Linc00475 binds directly to miR-141-3p

In recent decades, competing endogenous RNA (ceRNA) has been 
considered as an important mechanism for lncRNA to regulate can-
cer progression.25 The oncogenic role of linc00475 prompted us to 
further delineate the underlying molecular mechanism. We glob-
ally analysed the change in miRNAs after knock-down of linc00475 
in glioma cells and discovered that miR-141-3p increased in sh-
linc00475 glioma cells (Figure 4A). A previous research reported that 
miR-141-3p was dysregulated and restrains the proliferation of gli-
oma cells.12 Similarly, we confirmed that miR-141-3p was minimally 
expressed in glioma tissues and cells (Figure 4B,C). Additionally, we 
investigated the correlation between linc00475 and miR-141-3p 
in a cohort of 40 glioma tissues. As expected, the expression of 
linc00475 was negatively correlated with that of miR-141-3p accord-
ing to Spearman's correlation analysis (Figure 4D). Furthermore, we 
confirmed a negative correlation between miR-141-3p and linc00475 

F I G U R E  3   Knock-down of linc00475 
inhibits glioma growth in vivo. A and 
B, representative images of nude mice 
bearing transplant tumors (A) and sample 
tumors (B) from different treatment 
groups are shown. C, Survival curves of 
orthotopic xenograft from the different 
treatment groups (P > .05 vs Vector, n = 8, 
each group). D and E, The volume (D) 
and weight (E) of the harvested tumors; 
variables are shown as mean ± SD. (n = 5, 
each group), **P < .01 vs Vector group
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in both sh-linc00475 and anti-miR-141-3p glioma cells. (Figure 4E,F). 
Then, we searched the Lncbase and found predictive binding sites 
between miR-141-3p and linc00475 (Figure 4G). A dual-luciferase 
reporter gene assay further validated the responsible binding sites 
of miR-141-3p and linc00475 (Figure 4H).

3.5 | MiR-141-3p directly targets the YAP1-
3′UTR and reduces its expression

Numerous recent studies have shown that miRNAs regulate can-
cer progression by interacting with untranslated regions (UTRs) of 
mRNA in molecular pathways.26 The binding sites between the YAP1 

3'-UTR and miR-141-3p were predicted based on the ENCORI data-
base. We conducted the dual-luciferase assay to ascertain the inter-
action between miR-141-3p and YAP1. The results revealed that the 
YAP1-3’UTR-wt + miR-141-3p group presented minimum relative 
luciferase activity (Figure 5A,B).

YAP1 is a key effector of the Hippo pathway and has emerged 
as a significant determinant of malignancy in glioma.27 The 
Western blot analysis was carried out to identify the roles of YAP1 
in the regulation of the linc00475/miR-141-3p axis. Expectedly, 
the expression of YAP1 was down-regulated after knock-down of 
linc00475 in glioma cells (Figure 2D). YAP1 and MMP2 expression 
levels restored in cells co-transfected with sh-linc00475 and anti-
miR-141-3p. (Figure 5C).

F I G U R E  4   Linc00475 binds with miR-141-3p directly. A, Heatmap of up-regulated miRNAs after inhibiting linc00475 in U87 glioma 
cells. B, Expression of miR-141-3p in 15 cases of NBTs, 20 cases of LGG and 20 cases of HGG. **P < .01. C, qRT-PCR analysis of miR-141-3p 
expression in NHA and glioma cells. **P < .01 vs NHA group. D, Linear regression analysis between linc00475 and miR-141-3p expression 
levels in a cohort of 40 glioma tissues. E, Expression of miR-141-3p in glioma cells after transfection with sh-linc00475. *P < .05 vs Vector. 
F, Expression of linc00475 in glioma cells after changing the expression of miR-141-3p. *P < .05. G, The luciferase reporter vectors and the 
predicted binding sites between linc00475 and miR-141-3p. H, Relative luciferase activity in HEK293T cells for the indicated treatments. 
*P < .05 vs pre-NC. Variables are shown as mean ± SD (n = 3, each group)
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3.6 | Linc00475 facilitates glioma progression by 
regulating miR-141-3p/YAP1

Results above indicate that linc00475 binds with miR-141-3p, and 
miR-141-3p binds directly to the YAP1-3′UTR. We performed res-
cue assays to confirm whether miR-141-3p and YAP1 are involved 
in linc00475-mediated glioma development. After determining 
transfection efficiency (Figure 6A and Figure S1), we performed the 
CCK-8 and transwell assays. As seen in Figure 6B, the cell viability 
limited by sh-linc00475 was rescued by sh-linc00475 + anti-miR-
141-3p and sh-linc00475 + YAP1. Furthermore, the transwell assays 
indicated the same trend (Figure 6C).

4  | DISCUSSION

This current study revealed that the expression of linc00475 ele-
vates in glioma. In addition, we demonstrated that high linc00475 
expression predicted shorter survival in patients suffering from 
glioma. Similarly, in vivo experiments indicated that inhibiting 
linc00475 restrained the proliferation and prolonged the survival 
time of xenografts. Furthermore, we identified that the tumorigen-
esis of linc00475 occurred via the miR-141-3p/YAP1 pathway. These 
findings reveal that the expression of linc00475 may be a key bio-
marker for evaluating the prognosis of patients with glioma, high-
lighting the potential role of linc00475 to serve as a therapeutic 

target. Accumulating evidence during the last decade has suggested 
that lncRNAs play functional roles in cancers.28,29 Furthermore, 
many lncRNAs play complex and extensive roles in the malignant 
progression of glioma.30-32 In this research, we retrieved TCGA data-
sets and recognized linc00475 as one of the most up-regulated lncR-
NAs in glioma. Then, we confirmed that high linc00475 expression 
predicted a poor OS in patients with glioma. Moreover, we discov-
ered that inhibiting linc00475 attenuated tumorigenesis of glioma in 
vitro and in vivo. However, we used an empty vector as the negative 
control for the shRNAs, which was an oversight that needs to be cor-
rected in a future study.

Many studies have described the role of miR-141-3p in cancers. 
MiR-141-3p is reportedly dysregulated and indicates a poor out-
come in patients with hepatocellular carcinoma.33 Over-expressing 
miR-141-3p restrains the tumorigenesis of colorectal cancer cells by 
regulating TRAF5.34 Furthermore, miR-141-3p is determined to be 
highly expressed in exosomes of plasma from patients’ with rectal 
cancer accompanied by liver metastasis, showing the value of met-
astatic prediction.35 MiR-141-3p is report to express at low levels in 
glioma and hinders the malignant growth of glioma cells in vitro.36 
Our study proved that miR-141-3p was expressed at low levels in 
glioma and was involved in the regulation of linc00475 by acting as 
a sponge for YAP1.

Recently, the roles of the Hippo/YAP1 pathway in oncogenic 
transformation have aroused researchers’ attention. Extensive 
studies have discovered that YAP1 promotes the transcriptional 

F I G U R E  5   MiR-141-3p binds with the 
YAP1-3′UTR directly. A, The luciferase 
reporter vectors and the predicted 
binding sites between YAP1-3′UTR and 
miR-141-3p. B, Relative luciferase activity 
for the indicated treatments. Variables are 
shown as mean ± SD. (n = 3, each group) 
*P < .05 vs YAP-1-3′UTR-mut + miR-141-
3p. C, The Western blot analysis uncovers 
that inhibiting miR-141-3p restores the 
shRNA2-induced restrain of YAP1 and 
MMP2
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activity of p53.37 Amplifying YAP1 leads to the acquisition of on-
cogenic cell features, including rapid proliferation, migration and 
invasion in breast cancer.38 YAP1 has been confirmed to be ac-
count for therapeutic resistance in lung cancer.39 YAP1 promotes 
cell competition in glioma by decreasing apoptosis, and knock-
down of YAP1 attenuates self-renewal capability.15,40 This study 
illustrates that miR-141-3p inhibits tumorigenesis of glioma by tar-
geting YAP1.

Overall, linc00475 was significantly up-regulated in glioma, 
and patients with amplified linc00475 had a shorter OS. Knock-
down of linc00475 inhibited tumorigenesis of glioma through the 

miR-141-3p/YAP1 pathway. Our study provides new avenues for 
therapeutic targets of glioma.
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