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Glioma is the most common malignant tumor of the nervous system. Studies have shown the microRNA-26b 
(miR-26b)/cyclooxygenase-2 (COX-2) axis in the development and progression in many tumor cells. Our study 
aims to investigate the effect and mechanism of the miR-26b/COX-2 axis in glioma. Decreased expression of 
miR-26b with increased levels of COX-2 was found in glioma tissues compared with matched normal tissues. 
A strong negative correlation was observed between the level of miR-26b and COX-2 in 30 glioma tissues. The 
miR-26b was then overexpressed by transfecting a miR-26b mimic into U-373 cells. The invasive cell number 
and wound closing rate were reduced in U-373 cells transfected with miR-26b mimic. In addition, COX-2 
siRNA enhanced the effect of miR-26b mimic in suppressing the expression of p-ERK1 and p-JNK. Finally, 
the in vivo experiment revealed that miR-26b mimic transfection strongly reduced the tumor growth, tumor 
volume, and expression of matrix metalloproteinase-2 (MMP-2) and MMP-9. Taken together, our research 
indicated a miR-26b/COX-2/ERK/JNK axis in regulating the motility of glioma in vitro and in vivo, providing 
a new sight for the treatment of glioma.
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INTRODUCTION

Glioma is the most common malignant tumor of the 
nervous system. Its incidence is about 40%–60% among the  
intracranial tumors1. The main features of gliomas are the 
difficulty to control proliferation and extensive infiltra-
tion of surrounding tissues2. Until now, no clear boundary 
between glioma tissue and normal brain tissue has been 
indicated. In recent years, there has been great progress in 
the comprehensive treatment of chemotherapy and radio-
therapy. However, the overall survival time of glioma 
patients has not been significantly improved3,4. Therefore, 
the study of the mechanism of glioma proliferation and 
the invasion or screening of molecular targets is the focus 
of the current study of glioma.

MicroRNAs (miRNAs) may play an important role 
in promoting cancer or inhibiting cancer in the process 
of tumorigenesis5. miRNAs are widely involved in the 
regulation of gene expression, cell cycle, and biological 
development6. Many studies have shown that miRNAs 

are closely related to many tumors and are closely related 
to tumor invasion and metastasis, such as breast cancer7, 
liver cancer8, colon cancer9, and lung cancer10. miR-26b 
is located in the human chromosome 2q35. It is located 
in the fourth intron of the C-terminal domain small phos-
phatase 1 (CTDSP1) gene11. Many studies have shown 
that miR-26b plays an inhibiting role in the develop-
ment and progression of many cancers12,13. However, the 
expression of miR-26b in glioma and its role in the prolif-
eration and invasion of glioma cells are rarely reported.

Cyclooxygenase (COX) is the key rate-limiting 
enzyme in the conversion of arachidonic acid to prosta-
glandins14. COX-2 is located on human chromosome 1 
q25.2-q25.315. COX has two kinds of isozymes, namely, 
COX-1 and COX-2. Under normal physiological condi-
tions, COX-2 is almost impossible to detect. However, 
when the cells are stimulated by inflammatory signals 
or some cytokines, the expression of COX-2 will be 
increased significantly16. Many studies have shown that 



Delivered by Ingenta
IP: 89.252.132.194 On: Wed, 22 Jun 2022 07:10:41

Article(s) and/or figure(s) cannot be used for resale. Please use proper citation format when citing this article including the DOI,
publisher reference, volume number and page location.

148 CHEN ET AL.

COX-2 expression was increased in many tumors. The 
high expression of COX-2 is closely related to the high 
invasiveness of lung cancer17, colon cancer18, liver can-
cer19, and other tumor cells20. The study of Fujita et al. has 
shown that the expression of COX-2 in glioma was sig-
nificantly increased and was closely related to the inva-
sion ability of glioma cells21.

Therefore, this study intends to clarify the interaction 
between miR-26b and COX-2. The role and mechanism 
of miR-26b in the invasion and migration of glioma cells 
were further clarified.

MATERIALS AND METHODS

Cell Lines and Main Reagents

Human glioma cell lines U-87, C6, U-373, and M059J 
and human astrocytes were purchased from the American 
Type Culture Collection (Manassas, VA, USA). Cell culture  
conditions were Roswell Park Memorial Institute (RPMI) 
or Dulbecco’s modified Eagle’s medium (DMEM) contain-
ing 10% fetal bovine serum (FBS), at 37°C, 5% CO2. 
FBS, RPMI, and DMEM were purchased from Gibco 
(Rockville, MD, USA). COX-2, extracellular signal- 
regulated kinase1 (ERK1), phosphorylated (p)-ERK1, 
c-Jun N-terminal kinase (JNK), and p-JNK were pur-
chased from Abcam (Cambridge, UK). The Transwell 
chamber was purchased from Corning (Corning, NY, 
USA). Matrigel was purchased from Bio-Rad (Hercules, 
CA, USA). Nude mice [6 weeks old, specific pathogen 
free (SPF)] were provided by the experimental animal 
center of Sichuan University. TRIzol was purchased 
from Invitrogen (Carlsbad, CA, USA). Reverse transcrip-
tion kits (FSQ-101) were purchased from TOYOBO 
Company (Kyoto, Japan). Lipofectamine 2000 and miR-
26b mimic were purchased from Ji Kai Gene Company 
(Shanghai, P.R. China). Luciferase activity assay kit and 
luciferase reporter vectors were purchased from Promega 
(Madison, WI, USA).

Quantitative RT-PCR (qRT-PCR)

Total RNA from glioma tissues and cell lines was  
harvested using the TRIzol reagent (Invitrogen) following 
the manufacturer’s instructions. Total RNA was eluted 
with RNase-free water and stored at −80°C. RNAs were 
reverse transcribed into cDNAs using the RT-PCR kit 
purchased from TaKaRa (Dalian, China) according to the 
manufacturer’s protocol. SYBR Premix Ex Taq (TaKaRa) 
was used to detect COX-2 and miR-26b according to the 
manufacturer’s protocol. The RT-PCR primers for COX-2 
and miR-26b were purchased from GeneCopoeia (San  
Diego, CA, USA). The specific primers were as follows:  
COX-2, 5¢-CTTGGGTGTCAAAGGTAA-3¢ (forward) and  
5¢-AGGGACTTGAGGAGGGTA-3¢ (reverse); miR-26b,  
5¢-CGCCCTGTTCTCCATTACTT-3¢ (forward) and 5¢-C 
CAGTGCAGGGTCCGAGGT-3¢ (reverse). GAPDH and 

U6 small nuclear RNA (snRNA) were used as the inter-
nal control of the messenger RNA (mRNA) or miRNA, 
respectively. Fold change of COX-2 or miR-26b was 
calculated by the equation 2−DDCt.

Cell Transfection

Mimics/inhibitors specific for miR-26b, mimic/
scramble fragments, and siRNA COX-2 were designed 
and purchased from Invitrogen. U-373 cells were seeded 
in 24-well plates at 1 ́  105 cells per well. Transfections 
were performed using Lipofectamine® 2000 (Invitrogen; 
Thermo Fisher Scientific, Inc.) for 24 h. After transfec-
tion, the cells were allowed to recover by incubating them 
for 4 h at 37°C. The experiment was replicated three times 
for data calculations according to the manufacturer’s pro-
tocol. The expression of miR-26b was detected by qPCR 
after transfection.

Luciferase Activity Assay

U-373 cells were cotransfected with luciferase reporter 
vector and miR-26b mimics. The pGL-TK was taken as 
the standard control. After transfection for 36 h, the cells 
were harvested. The luciferase activity of U-373 cells 
was measured by Promega’s luciferase assay kit. Relative 
luciferase activity = firefly luciferase activity/luciferase 
activity value of sea kidney. The experiment was repeated 
three times.

Western Blotting

Total protein was extracted from U-373 cells, and 20 μg  
of isolated protein was separated by SDS-PAGE) and 
transferred onto a polyvinylidene fluoride (PVDF) mem-
brane (Millipore, Billerica, MA, USA). The membranes 
were blocked in phosphate-buffered saline (PBS) with 
0.1% Tween 20 containing 5% nonfat milk for 2 h at room 
temperature and then were incubated with the primary 
antibodies: anti-COX-2, anti-ERK1, anti-p-ERK1, anti-
JNK, anti-p-JNK, and anti-GAPDH, and the correspond-
ing horseradish peroxidase (HRP)-conjugated secondary 
antibodies, followed by detection and visualization using 
a ChemiDoc XRS imaging system and analysis software 
(Bio-Rad, San Francisco, CA, USA). U6 and GAPDH 
(Abcam) were used as endogenous references.

Northern blotting

The expression levels of miR-26b in U-373 cells trans-
fected with mimic control or miR-26b mimic were further 
determined by Northern blot assay. Northern blot analy-
sis was performed as previously described22. U6 (Abcam) 
was used as endogenous reference.

Fluorescence Microscopy

U-373 cells were transfected with green fluores-
cent protein (GFP) plasmid by Lipofectamine 3000™ 
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(Invitrogen). After U-373 cells were treated with or with-
out miR-26b and mimic, the number of puncta formation 
of GFP was determined under fluorescence microscopy.

Transwell Invasion Assay

Two Transwell invasion chambers with Matrigel 
(1 mg/ml; Becton-Dickinson, Franklin Lakes, NY, USA) 
were used in invasion assays of U-373 cells in vitro. 
First, 200 μl of serum-free medium containing 1 ́  105 
cells/well was added into the upper chamber, and the 
lower chamber contained 0.6 ml of medium contain-
ing 20% FBS. After incubation at 37°C for 24 h, non-
invading cells on the upper membranes were removed 
with a cotton swab. The migrated or invaded cells were 
fixed in 95% ethanol and stained with hematoxylin. 
The cell numbers were counted by the ImageJ software 
(NIH, Bethesda, MD, USA) and photographed under 
an inverted microscope in 10 random fields from each 
well. Each experiment was independently repeated in 
triplicate.

Wound Healing Assay

Wound healing assay was performed to evaluate the 
migration rate of U-373 cells transfected with or without 
miR-26b mimic. To accomplish this, 1.5 ́  106 cells/well 
were seeded in six-well plates and cultured overnight 
until the cells reached 90% confluence. A straight scratch 
was created by a sterile pipette tip. The destroyed cells 
were gently rinsed off with PBS three times and cultured 
in medium for another 24 h. Cell migration was observed 
and imaged at 0 and 24 h with a digital camera (Leica 
DFC300FX; Wetzlar, Germany).

Glioma Xenografts

SPF athymic nude mice (male, 6 to 8 weeks of age) 
were purchased from the experimental animal center of 
Sichuan University. Mice were housed and manipulated 
according to the protocols approved by the Experimental 
Animal Center of the Hainan Medical College. For 
researching tumorigenicity of miR-26b mimic in vivo, 
a xenograft mouse model was created by subcutaneous 
injection of 1 ́  107 U-373 cells transfected with or without 
miR-26b mimic to SPF nude mice. After the development 
of a palpable tumor, the tumor volume was monitored 
every 5 days and assessed by measuring the two per-
pendicular dimensions using a caliper and the formula 
(a ́  b2)/2, where a is the larger and b is the smaller dimen-
sion of the tumor. At 30 days after inoculation, the mice 
were killed, and tumor weights were assessed. Tumors 
from each mouse were randomly selected for immuno-
histochemical (IHC) analysis. All the animal experiments 
were performed according to relevant national and inter-
national guidelines and were approved by the Animal 
Experimental Ethical Committee.

Immunohistochemistry

Formalin-fixed paraffin-embedded U-373 tumors were  
cut with a microtome into 5-μm-thick paraffin sections. 
Antigen retrieval was carried out in heated 10 mM  
citrate buffer of pH 6.0 for 10 min at 96°–98°C. Slides 
were incubated with primary antibodies against matrix 
metalloproteinase-2 (MMP-2) and MMP-9 (Boster Bio-
engineering, Wuhan, P.R. China). Corresponding mouse 
HRP-conjugated secondary antibody was added for 1 h at 
room temperature. Cells were counterstained with 10 mg/
ml DAPI. Sections were subsequently incubated with the 
Cell and Tissue Staining Kit HRP-DAB system (R&D 
Systems, Minneapolis, MN, USA) according to the man-
ufacturer’s instructions.

Statistical Analysis

The quantitative data were expressed as mean ± SD. 
Statistical analysis was carried out using one-way analy-
sis of variance (ANOVA) followed by Bonferroni test. 
Differences with a value of p < 0.05 were regarded as  
statistically significant.

RESULTS

Inversed Expression Level of miR-26b and COX-2 Was 
Observed in Glioma Tissues and Cell Lines

The expression levels of miR-26b and COX-2 were 
detected in glioma tissues and matched adjacent nor-
mal tissues by qRT-PCR. The results indicated that the 
level of miR-26b was significantly lower in glioma tis-
sues compared with normal tissues (p < 0.01) (Fig. 1A). 
Conversely, the mRNA expression level of COX-2 was 
increased in glioma tissues compared with normal tis-
sues (p < 0.01) (Fig. 1B), and there was a strong negative 
correlation between the expression level of miR-26b and 
the mRNA expression level of COX-2 in glioma tissues 
(p < 0.0001) (Fig. 1C). In addition, the expression level 
of miR-26b and COX-2 was also detected in four glioma 
cell lines (U-87, C6, U-373, and M059J) and in human 
astrocytes by qRT-PCR. The results indicated that the 
level of miR-26b was significantly lower in glioma cells 
compared with astrocytes (p < 0.01) (Fig. 1D). The mRNA 
and protein expression levels of COX-2 were examined 
by qRT-PCR and Western blot analysis, respectively. The 
results showed that both the mRNA and protein levels of 
COX-2 were significantly elevated in glioma cell lines 
compared with human astrocytes (p < 0.01) (Fig. 1E–G). 
These results indicate that the level of miR-26b was 
decreased with elevated level of COX-2 in glioma.

miR-26b Mimic Inhibits the Expression of COX-2

Considering the low expression of miR-26b in glioma 
cells, a miR-26b mimic was transfected into U-373 cells 
to enhance the expression of miR-26b. As shown in 
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Figure 2A, the expression of miR-26b was strongly pro-
moted in U-373 cells transfected with miR-26b mimic 
compared with the control group (p < 0.001) (Fig. 2A). 
The results of cell fluorescence indicated that miR-26b 
mimic was well integrated in glioma cells with high trans-
fection efficiency (Fig. 2B). The mRNA expression level 
of COX-2 was decreased significantly in U-373 cells 
transfected with miR-26b mimic compared with control 
group (p < 0.001) (Fig. 2C). The elevated level of miR-
26b and the decreased protein expression level of COX-2 
were further confirmed by Northern blot and Western 
blot (Fig. 2D and E). These results suggest that miR-26b 
mimic transfection inhibits the expression of COX-2.

COX-2 Is a Direct Target of miR-26b

As predicted by TargetScan, COX-2 is a target of  
miR-26b (Fig. 3A). To determine the targeting relation-
ship between miR-26b and COX-2, miR-26b mimic/
COX-2 wild type (Wt)/COX-2 mutant (Mut) was trans-
fected into U-373 cells. According to the luciferase 
reporter assays, miR-26b mimic significantly inhibited 
the luciferase activity of COX-2 Wt, whereas miR-26b 
mimic had no significant inhibitory effect on COX-2 Mut 
luciferase (p < 0.001) (Fig. 3B). These results indicate 
that COX-2 is a direct target of miR-26b.

miR-26b Mimic Suppresses the Invasion  
and Migration of U-373 Cells

We next investigated the effect of miR-26b in the 
motility of glioma. Treatment of the miR-26b mimic 
significantly decreased the invasive cells of U-373 cells 
compared with the control group (p < 0.01) (Fig. 4A 
and B). Overexpression of miR-26b decreased the wound 
closing rate of U-373 cells compared with the control 
group (p < 0.01) (Fig. 4C and D). These results indicate 
that miR-26b overexpression suppresses the motility of 
glioma.

miR-26b Mimic Inactivates the ERK/JNK Pathway

As shown in Figure 5, the expression levels of COX-2 
were significantly decreased in U-373 cells transfected 
with COX-2 siRNA compared with the control group 
(p < 0.05). The levels of p-ERK1 and p-JNK were signifi-
cantly decreased in U-373 cells transfected with miR-26b 
mimic or COX-2 siRNA compared with control group 
(p < 0.05). The expression level of ERK1 and JNK exhib-
ited no obvious change. COX-2 siRNA enhanced the 
suppressing effect of miR-26b mimic transfection on the 
expression of p-ERK1 and p-JNK (p < 0.05). These results 
suggest that miR-26b mimic and COX-2 siRNA can inac-
tivate the ERK/JNK pathway.

Figure 1. Inversed expression level of microRNA-26b (miR-26b) and cyclooxygenase-2 (COX-2) was observed in glioma tissues and 
cell lines. (A) The expression levels of miR-26b in glioma tissues and matched adjacent normal tissues by quantitative (q)RT-PCR. 
(B) The messenger RNA (mRNA) expression of COX-2 in glioma tissues and matched adjacent normal tissues was assessed by qRT-
PCR assays. (C) The correlation between miR-26b expression levels and COX-2 mRNA expression levels in glioma tissues. (D) The 
expression levels of miR-26b in four glioma cell lines (U-87, C6, U-373, and M059J) and human astrocytes were measured by qRT-
PCR. (E) The mRNA expression of COX-2 in glioma cell lines and astrocytes was assessed by qRT-PCR. (F) Western blotting assay 
was used to detect the expression profile of COX-2 in glioma cell lines and astrocytes. (G) Relative protein expression was quantified 
using Image-Pro Plus 6.0 software and normalized to GAPDH. Data are represented as the mean ± SD of three experiments. **p < 0.05 
versus controls group.
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miR-26b Mimic Impairs Tumor Growth In Vivo

Transfection of miR-26b mimic effectively sup-
pressed tumor formation and tumor volume compared 
with the control group (Fig. 6A and B). The expression 
of miR-26b and COX-2 was detected through Northern 
blotting and Western blot, respectively. The level of miR-
26b was increased with downregulation of COX-2 in 
the glioma model mice transfected with miR-26b mimic 
compared with control group (Fig. 6C). The expression 
of p-ERK1 and p-JNK was also inhibited by miR-26b 

mimic transfection (Fig. 6D). The production of MMP-2 
and MMP-9 was significantly reduced in mice with 
miR-26b mimic transfection (p < 0.001) (Fig. 6E). These 
results indicate that miR-26b mimic transfection inhibits 
the tumor growth of glioma in vivo.

DISCUSSION

Research shows that miR-26b plays a role in tumor 
suppression in a variety of tumors and plays an important 
role in the processes of tumor cell proliferation, invasion, 

Figure 2. miR-26b mimic inhibits the expression of COX-2. U-373 cells were transfected with miR-26b mimic or mimic control, 
respectively. (A) The relative miR-26b levels in U-373 cells were measured by qRT-PCR. (B) The transfection efficiency was detected 
by green fluorescent protein (GFP) fluorescence (original magnification: 400´). (C) The relative mRNA expression level of COX-2 in 
U-373 cells was measured by qRT-PCR. (D) The level of miR-26b was detected by Northern blot. (E) The level of COX-2 was mea-
sured by Western blot. All experiments were repeated three times with three replicates. ***p < 0.001 versus mimic control group.

Figure 3. COX-2 is a direct target of miR-26b. (A) The target gene of miR-26b was predicted by the TargetScan database. The wild-
type (Wt) and the mutant (Mut) COX-2 3¢-UTR contained the target sequence of miR-26b. (B) Luciferase assay was performed in 
U-373 cell lines treated with miR-26b mimic or mimic control. Luciferase activity was represented as firefly luciferase normalized to 
Renilla luciferase. Data are represented as the mean ± SD of three experiments. ***p < 0.001 versus mimic control group.
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Figure 4. miR-26b mimic suppresses the invasion and migration of U-373 cells. (A) The invasive cells were detected by Transwell 
invasion assays in U-373 cells transfected with miR-26b mimic or mimic control. (B) Histogram represents the statistical analysis of 
Transwell invasion assays. (C) The migration rate of U-373 cells was measured by wound healing assays. (D) Histogram represents 
the statistical analysis of wound healing assays. The bars show means ± SD of three independent experiments. **p < 0.01, ***p < 0.001 
indicate significant difference.

Figure 5. miR-26b mimic inactivates the extracellular signal-regulated kinase (ERK)/c-Jun N-terminal kinase (JNK) pathway. U-373 
cells were transfected with COX-2 siRNA. The protein expression of COX-2 was detected by Western blotting (A). U-373 cells were 
then transfected with miR-26b mimic with/or without COX-2 siRNA. The protein expression levels of ERK1 (B), JNK (C), and their 
phosphorylated forms were detected in U-373 cells by Western blotting. Relative protein expression levels of COX-2 (D), p-ERK1 
(E), and p-JNK (F) in U-373 cells were quantified using Image-Pro Plus 6.0 software and normalized to GAPDH. Data are represented 
as the mean ± SD of three experiments. *p < 0.05 versus control group, #p < 0.05 versus miR-26b mimic group.



Delivered by Ingenta
IP: 89.252.132.194 On: Wed, 22 Jun 2022 07:10:41

Article(s) and/or figure(s) cannot be used for resale. Please use proper citation format when citing this article including the DOI,
publisher reference, volume number and page location.

miR-26b OVEREXPRESSION INHIBITS METASTASIS OF GLIOMA 153

and metastasis23. Verghese et al. found that the expres-
sion of miR-26b was decreased in breast cancer, and 
miR-26b inhibited the invasion and migration abilities of 
breast cancer cells11. Shen et al. indicated that the level 
of miR-26b was significantly decreased in hepatocellular 
carcinoma (HCC) tissues than the adjacent tissues24. The 
expression level of miR-26b was negatively correlated 
with the staging and grading of liver cancer and lymph 
node metastasis. In our study, the expression of miR-26b 
was significantly decreased in glioma tissues compared 
with matched adjacent normal tissues. The decreased 
level of miR-26b was also observed in glioma cell lines 
compared with human astrocytes. These results suggest 
that the low expression of miR-26b may be involved in 
the progression of glioma.

Many studies have shown that the expression of COX-2 
is associated with tumor invasion and migration18,21,25. 
The possible mechanisms are the following. a) The high 
expression of COX-2 can promote the expression of 
E-cadherin cell adhesion molecules, and then promote 
tumor invasion and metastasis. Research has shown that 
COX-2 can activate the mitogen-activated protein kinase 
(MAPK)/ERK signaling pathway to promote the inva-
sion and migration of tumor cells26. b) COX-2 can destroy 
the MMP inhibitor, resulting in increased expression of 

MMPs. The MMPs degrade the extracellular matrix, thus 
promoting the invasion and migration of tumor cells27. 
c) COX-2 can promote the angiogenesis of tumor cells 
and contribute to the invasion and migration of tumor 
cells28. In this study, the expression of COX-2 was sig-
nificantly increased in glioma tissues compared with 
matched adjacent normal tissues. The elevated level of 
COX-2 was also observed in glioma cell lines compared 
with human astrocytes. In addition, miR-26b mimic trans-
fection inhibited the expression of COX-2. The targeting 
relationship between miR-26b and COX-2 was confirmed 
by luciferase reporter assays.

MAPK is a serine/threonine protein kinase found in 
cells. It plays an important role in cell proliferation, apo-
ptosis, and other physiological process29. The biological 
function of the MAPK signaling pathway is realized by 
the phosphorylation of MAPK kinase kinase (MAPKKK), 
MAPK kinase (MAPKK), and MAPK. Phosphorylation 
of some nuclear factors can be performed by MAPK to 
regulate the biological behavior and function of cells30. 
Studies have shown that the invasion and metastasis of 
breast cancer are related to the abnormal activation of 
the ERK/MAPK signaling pathway31. Protease-activated 
receptor-2 can induce the expression of vascular endothe-
lial growth factor (VEGF) and COX-2 in gastric cancer 

Figure 6. miR-26b mimic restrains tumor growth in vivo. The glioma xenograft mouse model was created by subcutaneous injection 
of U-373 cells pretreated with or without miR-26b mimic to specific pathogen-free (SPF) nude mice. (A) Representative tumors from 
the two groups of mice are shown (n = 5). (B) Tumor growth trend in lncRNA COX-2 mice and control group mice is shown. The 
expression of miR-26b, COX-2 (C), p-ERK1, and p-JNK (D) was detected in the glioma model mice by Northern blot or Western blot. 
(E) The production of matrix metalloproteinase-2 (MMP-2) and MMP-9 was detected by immunohistochemistry. *p < 0.05, **p < 0.01, 
***p < 0.001 versus control group.
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cells by activating ERK1/2 and p38 signaling pathways 
to promote the angiogenesis of gastric cancer cells32. In 
this study, the invasion and migration abilities of glioma 
cells were detected by Transwell and scratch assays after 
overexpression of miR-26b. The results showed that the 
invasion and migration abilities of glioma cells were sig-
nificantly decreased after overexpression of miR-26b. 
The expression levels of p-ERK1 and p-JNK were sig-
nificantly decreased in U-373 cells transfected with miR-
26b mimic and COX-2 siRNA compared with the control 
group. These results indicate that the overexpression of 
miR-26b inhibits the motility of gliomas via targeting 
COX-2 and inactivating the ERK/JNK pathway.

Taken together, this study found that the level of  
miR-26b was decreased with the elevated level of COX-2 
in glioma. miR-26b was then overexpressed by transfect-
ing miR-26b mimic into glioma U-373 cells. COX-2 was 
demonstrated to be a direct target of miR-26b. The inva-
sive cell number and the wound closing rate were reduced 
in U-373 cells transfected with miR-26b mimic compared 
with the control group. Moreover, the level of p-ERK1 
and p-JNK was decreased significantly in U-373 cells 
transfected with miR-26b mimic and COX-2 siRNA. 
Finally, the in vivo experiment revealed that miR-26b 
mimic transfection strongly reduced the tumor growth, 
tumor volume, and MMP-2+/MMP-9+ cell numbers. Our 
research indicated a miR-26b/COX-2/ERK/JNK axis. 
This axis may be a marker to predict progression and 
prognosis, and for monitoring any therapeutic effects of 
glioma.
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