
8406

Abstract. – OBJECTIVE: This study aimed 
to investigate the expressions, clinical signifi-
cances, roles, and mechanism of action of MRC-
CAT1 in glioma.

PATIENTS AND METHODS: The expression 
of MRCCAT1 in 103 glioma tissues with different 
grades and 21 normal brain tissues was mea-
sured by qPCR. The prognostic value of MRC-
CAT1 was investigated by Kaplan-Meier survival 
analysis. The biological roles of MRCCAT1 on 
glioma cell proliferation were assessed by Glo 
cell viability assays and ethynyl deoxyuridine 
incorporation assays. The roles of MRCCAT1 on 
glioma cell migration were evaluated by transwell 
assays. The effects of MRCCAT1 on p38-MAPK 
signaling were assessed by Western blot.

RESULTS: MRCCAT1 is upregulated in glioma 
tissues and positively associated with glioma 
grades. Increased expression of MRCCAT1 con-
fers poor prognosis of glioma patients inde-
pendent of glioma grades. Ectopic expression 
of MRCCAT1 promotes glioma cell proliferation 
and migration. Knockdown of MRCCAT1 inhibits 
glioma cell proliferation and migration. Mech-
anistically, we found that MRCCAT1 activates 
p38-MAPK signaling in glioma.

CONCLUSIONS: MRCCAT1 is upregulated in 
glioma. Increased expression of MRCCAT1 pre-
dicts poor outcome of glioma patients. MRC-
CAT1 promotes glioma cell proliferation and mi-
gration via activating p38-MAPK signaling. MRC-
CAT1 may be a potential prognostic biomarker 
and therapeutic target for glioma.
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Introduction

Glioma is the most common and aggressive 
primary brain tumor with poor prognosis1,2. Cur-
rently, the main therapeutic strategies for glioma 
are still surgical resection, radiotherapy, and che-
motherapy3. Unfortunately, due to the diffuse brain 

invasion, surgery could not completely resect the 
gliomas4. Furthermore, most gliomas are low sen-
sitive to radiotherapy and chemotherapy5. There-
fore, the outcomes of gliomas are very dismal, 
particular for these gliomas with high grades6. To 
develop more effective therapy and improve the 
prognosis of glioma patients, a better understand-
ing of molecular mechanisms underlying glioma 
tumorigenesis and progression is urgently need-
ed7,8. Long noncoding RNA (lncRNA) is a class 
of transcript with more than 200 nucleotides in 
length. LncRNAs have no protein-coding poten-
tial9,10. Previously, lncRNAs are regarded as tran-
scriptional noise. However, increasing evidence 
showed that lncRNAs were frequently deregulated 
in various diseases. LncRNAs were also report-
ed to be implicated in many pathophysiological 
processes11-14. Many lncRNAs were revealed to 
function as oncogenes or tumor suppressors in 
a variety of cancers15-18. They regulate many cel-
lular processes of cancers, such as proliferation, 
cell cycle, apoptosis, senescence, migration, inva-
sion, and drug-sensitivity19-23. Furthermore, many 
lncRNAs were demonstrated to be biomarkers 
for the diagnosis and prognosis of different can-
cers24-26. Although the expressions and functions 
of several lncRNAs in glioma have been studied, 
most lncRNAs are less understood in glioma27-29. 
LncRNA MRCCAT1 was first identified in clear 
cell renal cell carcinoma (ccRCC), which is upreg-
ulated in metastatic ccRCC, associated with poor 
prognosis of ccRCC patients, and functions as an 
oncogene in ccRCC30. Whether the upregulation 
and oncogenic roles of MRCCAT1 is ccRCC spe-
cific or popular in various cancers need further 
investigation. The expression and role of MRC-
CAT1 in glioma are also unclear. We investigated 
the expression and clinical values of MRCCAT1 
in glioma. We also explored the biological roles of 
MRCCAT1 in glioma. The mechanisms of action 
of MRCCAT1 in glioma were also investigated.
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Patients and Methods

Patients and Clinical Specimens
The use of clinical specimens was reviewed 

and approved by the Ethical Committee of Ningbo 
Yinzhou No. 2 Hospital (Ningbo, Zhejiang, Chi-
na). The 103 glioma tissues and 21 normal brain 
tissues used in this study were obtained from 
Ningbo Yinzhou No. 2 Hospital (Ningbo, Zheji-
ang, China). The written informed consent was 
obtained from all subjects. All glioma patients had 
not received radiotherapy and/or chemotherapy be-
fore surgery. These 103 gliomas were categorized 
following the WHO classification, including 36 
grade I-II gliomas and 67 grade III-IV gliomas. 
The 21 normal brain specimens were donated by 
patients with cerebral trauma. All clinical speci-
mens were histopathologically diagnosed by two 
independent pathologists. All clinical specimens 
were immediately frozen in liquid nitrogen after 
surgery and stored at -80°C until use.

Cell Culture
The human normal glia cells NHA and glio-

ma cells U87, LN229, and U251 were obtained 
from the Chinese Academy of Medical Sciences 
(Beijing, China). These cells were maintained in 
Dulbecco’s Modified Eagle’s Medium (DMEM; 
Invitrogen, Carlsbad, CA, USA) supplemented 
with 10% fetal bovine serum (FBS; Invitrogen, 
Carlsbad, CA, USA). All the cells were cultured 
at 37°C in an atmosphere containing 5% CO2.

RNA Extraction and Quantitative Real- 
Time Polymerase Chain Reaction (qPCR)

Total RNA was extracted from tissues or 
cells using TRIzol reagent (Invitrogen, Carlsbad, 
CA, USA) following the manufacturer’s protocol. 
The RNA was treated with DNase I (TaKaRa, 
Dalian, Liaoning, China) to remove genomic 
DNA. Reverse transcription was performed using 
the M-MLV Reverse Transcriptase (Invitrogen, 
Carlsbad, CA, USA) following the manufactur-
er’s protocol. Quantitative real-time polymerase 
chain reaction (qPCR) was carried out using the 
SYBR® Premix Ex Taq™ II (TaKaRa) on Ste-
pOnePlus™ Real-Time PCR Systems (Applied 
Biosystems, Foster City, CA, USA) following 
the manufacturer’s protocols. β-actin was used 
as an endogenous control for the quantification 
of the expression of MRCCAT1. The primer 
sequences used were as follows: for MRCCAT1, 
5’-CAGCCGTTCAGAATCTCCTGT-3’ (sense), 
and 5’-AACCAGATGGCTTTGGGCAG-3’ (an-

ti-sense)30; for β-actin, 5’-GGGAAATCGTGC-
GTGACATTAAG-3’ (sense) and 5’-TGTGTTG-
GCGTACAGGTCTTTG-3’ (anti-sense). The 
quantification of the expression of MRCCAT1 
was calculated with the comparative Ct method.

Plasmids Construction and Transfection
Full-length MRCCAT1 was PCR amplified with 

the PrimeSTAR HS DNA polymerase (TaKaRa) and 
subcloned into the Nhe I and Xho I sites of pcDNA3.1 
plasmid with the primers 5’-CTAGCTAGCCTAG-
CCATCTCCGTTTTCAAATC-3’ (sense) and 
5’-CCGCTCGAGAGAGAGAGAGAGGGAAGA-
CA-3’ (antisense), named as pcDNA3.1-MRCCAT1. 
The oligonucleotides for shRNAs specifically tar-
geting MRCCAT1 were synthesized and inserted 
into the shRNA expression plasmid pGPU6/Neo 
(GenePharma, Shanghai, China). The two MRC-
CAT1 specific shRNAs target sites were: 5’-CCAC-
TACACAGCACTGCTT-3’ and 5’-GCTTCCAG-
CCCAGAACTTT-3’. A scrambled non-targeting 
shRNA was used as negative control (shNC). The 
transfection of plasmids was performed using Li-
pofectamine 3000 (Invitrogen) following the man-
ufacturer’s protocol.

Stable Cell Lines Construction
To obtain MRCCAT1 stably overexpressed or 

silenced glioma cells, pcDNA3.1-MRCCAT1 or 
pcDNA3.1 was transfected into U87 cells, and 
MRCCAT1 specific shRNAs or shNC was trans-
fected into U251 cells with Lipofectamine 3000 
(Invitrogen). Then, these transfected cells were se-
lected with 1000 μg/ml neomycin for four weeks.

Glo Cell Viability Assays
Three thousand indicated glioma cells per 

well were plated in 96-well plates. After culture 
for 0, 1, 2, and 3 days, cell viability was assessed 
with the CellTiter-Glo® Luminescent Cell Via-
bility Assay (Promega, Madison, WI, USA) in 
accordance with the manufacturer’s protocol.

Ethynyl Deoxyuridine (EdU) 
Incorporation Assays

Cell proliferation was also evaluated using 
ethynyl deoxyuridine (EdU) incorporation as-
says. Briefly, indicated glioma cells were seeded 
to perform EdU incorporation assays using an 
EdU Kit (RiboBio, Guangzhou, China) in ac-
cordance with the manufacturer’s instruction. 
The results were measured with Zeiss photo-
microscope (Carl Zeiss, Oberkochen, Germany) 
through counting at least five random fields.
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Transwell Cell Migration Assays
Transwell assays were performed to evaluate 

cell migration. Indicated glioma cells suspended 
in FBS-free medium to inhibit cell proliferation 
were plated in the upper chamber of a 24-well 
poly-carbonate transwell insert (Millipore, Bill-
erica, MA, USA). Complete medium with 10% 
fetal bovine serum (FBS) was added to the lower 
chamber. After culture for 48 hours, cells on the 
upper chamber of transwell inserts were scraped 
off, and cells on the lower surface were fixed 
with paraformaldehyde, stained with 0.1% crystal 
violet, and counted using Zeiss photomicroscope 
(Carl Zeiss, Jena, Germany) through counting at 
least five random fields.

Western Blot
Total protein was extracted from indicated 

glioma cells using RIPA Lysis Buffer (Beyo-
time, Jiangsu, China) and PMSF (Beyotime) in 
accordance with the manufacturer’s instructions. 
The protein was separated by sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis, fol-
lowed by being transferred to nitrocellulose fil-
ter membrane. After being blocked using bovine 
serum albumin, the membranes were incubated 
with primary antibodies for p-p38 (Cell Signal-
ing Technology, Danvers, MA, USA), p38 (Cell 
Signaling Technology, Danvers, MA, USA), or 
β-actin (Proteintech, Rosemont, IL, USA). After 
being washed, the membranes were further incu-

bated with IRdye 700-conjugated goat anti-mouse 
IgG or IRdye 800-conjugated goat anti-rabbit IgG 
(Li-Cor, Lincoln, NE, USA), followed by being de-
tected using an Odyssey infrared scanner (Li-Cor).

Statistical Analysis
Statistical analyses were performed with 

the GraphPad Prism Software. Mann-Whitney 
U test, Student’s t-test, Kaplan-Meier survival 
curve analysis, or log-rank test were carried out 
as indicated. p<0.05 were defined as statistically 
significant.

Results

MRCCAT1 is Upregulated in Glioma 
And Correlates With Glioma Grade

To examine the expression pattern of MRC-
CAT1 in glioma, we collected 21 normal brain 
tissues and 103 glioma tissues. Then, we measured 
the MRCCAT1 expression in these tissues by 
qPCR. As shown in Figure 1A, the MRCCAT1 
expression was significantly upregulated in glioma 
tissues compared with that in normal brain tissues 
(p<0.001 by Mann-Whitney U test). The correla-
tion between MRCCAT1 expression and glioma 
grade was analyzed. As shown in Figure 1B, the 
MRCCAT1 expression was also significantly in-
creased in glioma tissues with grade III-IV (n=67) 
compared with that in glioma tissues with grade 

Figure 1. The expression of MRCCAT1 in glioma tissues and cells, and its association with glioma grade. A, The expression of 
MRCCAT1 in 21 normal brain tissues and 103 glioma tissues was measured by qPCR. p<0.001 by Mann-Whitney U test. B, The ex-
pression of MRCCAT1 in 36 grade I-II gliomas and 67 grade III-IV gliomas was measured by qPCR. p < 0.001 by Mann-Whitney 
U test. C, The expression of MRCCAT1 in normal glia cells NHA and glioma cells U87, LN229, and U251 was measured by qPCR. 
Results are shown as mean ± SD from three independent experiments. **p<0.01, ***p<0.001 by Student’s t-test. 
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I-II (n = 36) (p < 0.001 by Mann-Whitney U test). 
Furthermore, the expression of MRCCAT1 in nor-
mal glia cells NHA and glioma cells U87, LN229, 
and U251 was also measured by qPCR. The results 
revealed that the expression of MRCCAT1 was 
also significantly upregulated in U87, LN229, and 
U251 cells compared with that in NHA cells (Fig-
ure 1C). These results suggested that MRCCAT1 
is upregulated in glioma tissues and cell lines, and 
correlates with glioma grade.

MRCCAT1 Upregulation Confers 
Poor Prognosis of Glioma Patients

Next, the correlation between the expression 
of MRCCAT1 and overall survival of these 103 
glioma patients was investigated by Kaplan-Mei-
er survival curve analysis. As shown in Figure 
2A, high expression of MRCCAT1 correlated 
with poor survival of glioma patients (p<0.001 
by log-rank test). In addition, high expression of 
MRCCAT1 correlated with poor survival in grade 
I-II gliomas (p=0.014 by log-rank test) (Figure 
2B). In grade III-IV gliomas, high expression of 
MRCCAT1 also indicated poor survival (p<0.014 
by log-rank test) (Figure 2C). These results sug-
gested that MRCCAT1 upregulation confers poor 
prognosis of glioma patients, and implied that 
MRCCAT1 may have important roles in glioma.

MRCCAT1 Promotes Proliferation 
of Glioma Cells

To investigate whether MRCCAT1 has biolog-
ical roles in glioma, MRCCAT1 stably overex-
pressed and control U87 cells were constructed via 

transfecting MRCCAT1 overexpression plasmid 
(pcDNA3.1-MRCCAT1) or control empty plas-
mid (pcDNA3.1). The overexpression efficacy was 
measured by qPCR (Figure 3A). Glo cell viability 
assays revealed that ectopic expression of MRC-
CAT1 increased cell viability of glioma cells (Fig-
ure 3B). EdU incorporation assays further verified 
that ectopic expression of MRCCAT1 promoted 
cell proliferation of glioma cells (Figure 3C).

MRCCAT1 stably silenced and control U251 
cells were also constructed via transfecting MRC-
CAT1 specific shRNAs (shRNA1 and shRNA2) 
or negative control shRNA (shNC). The knock-
down efficacy was verified by qPCR (Figure 3D). 
Glo cell viability assays revealed that knockdown 
of MRCCAT1 decreased cell viability of glioma 
cells (Figure 3E). Similarly, EdU incorporation 
assays verified that knockdown of MRCCAT1 
inhibited cell proliferation of glioma cells (Fig-
ure 3F). Collectively, these results suggested that 
MRCCAT1 promotes glioma cell proliferation.

MRCCAT1 Promotes Migration 
of Glioma Cells

To further investigate the roles of MRCCAT1 
in glioma cell migration, transwell assays were 
performed in MRCCAT1 stably overexpressed and 
control U87 cells, and MRCCAT1 stably silenced 
and control U251 cells. As shown in Figure 4A, 
the ectopic expression of MRCCAT1 promoted 
cell migration of glioma cells. Conversely, knock-
down of MRCCAT1 inhibited cell migration of 
glioma cells (Figure 4B). These results suggested 
that MRCCAT1 promotes glioma cell migration.

Figure 2. The correlation between MRCCAT1 expression and overall survival of glioma patients. A, Kaplan-Meier survival anal-
yses of the correlation between the expression of MRCCAT1 and overall survival of these 103 gliomas. Median expression level of 
these 103 gliomas was used as the cutoff. p<0.001 by log-rank test. B, Kaplan-Meier survival analyses of the correlation between 
the expression of MRCCAT1 and overall survival of these 36 grade I-II gliomas. Median expression level of these 36 grade I-II gli-
omas was used as the cutoff. p=0.014 by log-rank test. C, Kaplan-Meier survival analyses of the correlation between the expression 
of MRCCAT1 and overall survival of these 67 grade III-IV gliomas. Median expression level of these 67 grade III-IV gliomas was 
used as the cutoff. p<0.001 by log-rank test.

A B C
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Figure 3. MRCCAT1 promotes glioma cell proliferation. A, The expression of MRCCAT1 in MRCCAT1 stably overexpressed and 
control U87 cells was measured by qPCR. B, The roles of MRCCAT1 overexpression on cell viability of U87 cells were assessed us-
ing Glo cell viability assays. C, The roles of MRCCAT1 overexpression on cell proliferation of U87 cells were assessed using EdU in-
corporation assays. The red color represents EdU-positive cells. Scale bars, 100 µm. D, The expression of MRCCAT1 in MRCCAT1 
stably silenced and control U251 cells was measured by qPCR. E, The roles of MRCCAT1 knockdown on cell viability of U251 cells 
were assessed using Glo cell viability assays. F, The roles of MRCCAT1 knockdown on cell proliferation of U251 cells were assessed 
using EdU incorporation assays. The red color represents EdU-positive cells. Scale bars, 100 µm. Results are shown as mean ± SD 
from three independent experiments. *p<0.05, **p<0.01, ***p<0.001 by Student’s t-test.
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MRCCAT1 Activates p38-MAPK 
Signaling in Glioma Cells

MRCCAT1 was reported to activate p38-
MAPK signaling in renal cell carcinoma. p38-
MAPK signaling is well known to potentiate 
cell proliferation and migration in various can-
cers, including glioma31-33. To investigate whether 
MRCCAT1 also activates p38-MAPK signaling 
to promote cell proliferation and migration in 
glioma, p38 phosphorylation levels were mea-

sured by Western blot in MRCCAT1 stably over-
expressed and control U87 cells, and MRCCAT1 
stably silenced and control U251 cells. As shown 
in Figure 5A, the ectopic expression of MRC-
CAT1 increased phosphorylation levels of p38 in 
glioma cells. Conversely, knockdown of MRC-
CAT1 decreased phosphorylation levels of p38 in 
glioma cells (Figure 5B). These results suggested 
that MRCCAT1 activates p38-MAPK signaling 
in glioma cells.

Figure 5. MRCCAT1 activates p38-MAPK signaling in glioma cells. A, The roles of MRCCAT1 overexpression on p38 phosphor-
ylation levels in U87 cells were assessed using Western blot. B, The roles of MRCCAT1 knockdown on p38 phosphorylation levels 
in U251 cells were assessed using Western blot. Results are shown as mean ± SD from three independent experiments. **p<0.01 by 
Student’s t-test.

A B

Figure 4. MRCCAT1 promotes glioma cell 
migration. A, The roles of MRCCAT1 over-
expression on cell migration of U87 cells were 
assessed using transwell assays. B, The roles 
of MRCCAT1 knockdown on cell migra-
tion of U251 cells were assessed using tran-
swell assays. Results are shown as mean ± SD 
from three independent experiments. *p<0.05, 
**p<0.01 by Student’s t-test.

A B
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Discussion

As the most common primary brain tumor, 
unfortunately, the prognosis of glioma is very 
poor with a median survival of about 15 months34. 
Although there are various clinical therapies for 
glioma, the efficacies are all unsatisfied35. Hence, 
identifying critical molecules mediating the ini-
tiation and progression of glioma and searching 
efficient prognostic biomarker and therapeutic 
target are urgent.

As a novel class of transcript with no pro-
tein-coding potential, lncRNAs gradually at-
tract attention for their important roles in vari-
ous pathophysiological processes36,37. LncRNA 
CRNDE was reported to promote progression of 
glioma via attenuating miR-384/PIWIL4/STAT3 
Axis38. LncRNA CCAT1 was reported to promote 
tumorigenesis of glioma via sponging miR-181b39. 
lncRNA TUSC7 was reported to play tumor-sup-
pressing roles in glioma40. LncRNA PTCSC3 
was reported to inhibit glioma cell proliferation 
and invasion via suppressing the Wnt/β-catenin 
signaling pathway41. Although several lncRNAs 
have been revealed to be implicated in glioma, 
the expressions and roles of most other lncRNAs 
in glioma are less understood. Transcriptome 
sequencing of human cells has demonstrated that 
there are near 60000 lncRNAs existing in human 
cells42. Among the enormous sum of lncRNAs, 
many lncRNAs may also have important roles 
in glioma, and these need further investigation.

In this study, we investigated the expres-
sions and roles of a newly identified lncRNA 
MRCCAT1 in glioma. Our results revealed that 
MRCCAT1 is upregulated in glioma tissues and 
cell lines. MRCCAT1 is also highly expressed in 
gliomas with high grade than that in gliomas with 
low grade. Furthermore, increased expression of 
MRCCAT1 indicates poor prognosis of glioma 
patients, which is independent of the grades of 
gliomas. In grade I-II gliomas, MRCCAT1 is 
associated with poor prognosis of glioma pa-
tients. In grade III-IV gliomas, MRCCAT1 is 
also associated with poor prognosis of glioma 
patients. Gain-of-function and loss-of-function 
assays showed that overexpression of MRCCAT1 
promotes glioma cell proliferation and migra-
tion, and conversely, knockdown of MRCCAT1 
inhibits glioma cell proliferation and migration. 
Mechanistically, we found that similar to that in 
ccRCC, MRCCAT1 also activates the p38-MAPK 
signaling pathway in glioma. Hence, our data 
revealed the important clinical significances and 

roles of MRCCAT1 in glioma, and it suggested 
that MRCCAT1 may be a potential prognostic 
biomarker and therapeutic target for glioma.

Conclusions

We identified MRCCAT1 as an oncogenic ln-
cRNA in glioma. MRCCAT1 is upregulated in 
glioma, and it is positively associated with glioma 
grade and poor prognosis. MRCCAT1 promotes gli-
oma cell proliferation and migration via activating 
p38-MAPK signaling pathway. Our data implied 
that MRCCAT1 would be a potential prognostic 
biomarker and therapeutic target for glioma.
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