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Abstract. All-trans retinoic acid (ATRA) is a derivative of 
vitamin A that can induce differentiation and apoptosis, as 
well as inhibit proliferation, in glioma cells. However, the 
effect of ATRA on the migration and invasiveness of glioma 
remains poorly understood. In addition, although it is univer-
sally accepted that ATRA can induce apoptosis and inhibit 
proliferation in glioma cells, the association between the 
concentration and effects of ATRA remain unclear. Therefore, 
the present study investigated the effects of ATRA treat-
ment on the migration, invasion, apoptosis and proliferation 
of glioma cells. The U87 and SHG44 glioma cell lines were 
treated with various concentrations of ATRA, consisting of 
0, 5, 10, 20 and 40 µmol/l. A scratch wound healing assay 
and a Matrigel invasion assay were used to investigate cell 
migration and invasion, respectively. Flow cytometry was 
performed to investigate apoptosis and cell cycle distribution. 
Reverse transcription‑quantitative polymerase chain reaction 
and western blotting were used to investigate the expres-
sion of matrix metalloproteinase  (MMP)‑2 and ‑9  in each 
cell treatment group. Following treatment with ATRA, the 
migration, invasion and proliferation of the glioma cells were 
significantly inhibited, and the apoptosis rate was significantly 
increased compared with that of the blank control group. 
Furthermore, a dose‑effect association was identified between 
each effects and ATRA treatment. The mRNA and protein 
expression of MMP‑2 in U87 glioma cells was not signifi-
cantly affected following treatment with low concentrations of 
ATRA, consisting of 5 and 10 µmol/l ATRA, compared with 
the expression in the control group (P>0.05). However, treat-
ment with high concentrations of ATRA, consisting of 20 and 
40 µmol/l ATRA, significantly downregulated the expression 

levels of MMP‑2 in U87 cells. In contrast to U87 cells, the 
administration of ATRA treatment to SHG44 glioma cells 
resulted in a significant and dose‑dependent downregulation in 
MMP‑2 mRNA and protein expression (P<0.01). In addition, 
significant downregulation of MMP‑9 expression was identi-
fied in the two glioma cell lines (P<0.01). The results of the 
present study indicate that treatment with ATRA may inhibit 
migration, invasion and proliferation, and promote apoptosis 
in glioma cells. Furthermore, the current study indicates 
that the inhibition of glioma cell invasion by ATRA may be 
partially associated with its effect ability to downregulate 
MMP expression.

Introduction

Worldwide, glioma is one of the most frequent types of brain 
tumor in adults. The current standard therapeutic regime 
includes maximal safe surgical resection combined with 
radiotherapy and temozolomide chemotherapy (1). Due to the 
development of such treatment strategies, the percentage of 
patients alive two years after diagnosis has increased to 26% (2). 
However, the prognosis of patients with glioma remains unsat-
isfactory. For example, the median survival time of patients 
with glioblastoma multiforme is only 14.6 months subsequent to 
standard therapy (3). Therefore, the identification of more effec-
tive treatment strategies for patients with glioma is required.

All‑trans retinoic acid (ATRA) is a derivative of vitamin A 
that exerts its effects through retinoic acid receptors (RARs) 
and retinoic X receptors. Various studies have demonstrated 
that ATRA can induce differentiation and apoptosis (4,5), as 
well as induce cell growth arrest, in glioma cells (6). Further-
more, a previous study revealed that ATRA may enhance the 
bystander effect of suicide‑gene therapy against medulloblas-
toma (7), with a number of studies demonstrating that treatment 
with ATRA in combination with specific chemoimmunothera-
peutic agents may significantly enhance its antitumor effect on 
glioma (8‑12). These results indicate the therapeutic potential 
of ATRA for patients with glioma.

The invasion of glioma is crucial to tumor progres-
sion. Malignant glioma, such as glioblastoma, can rapidly 
invade into neighboring brain structures and spread through 
infiltration. This invasion is largely dependent on matrix 
metalloproteinases (MMPs). MMPs, particularly MMP‑2 and 

All-trans retinoic acid inhibits migration, invasion and 
proliferation, and promotes apoptosis in glioma cells in vitro

CHEN LIANG1,  LING YANG2  and  SHIWEN GUO1

1Department of Neurosurgery, First Affiliated Hospital of Xi'an Jiaotong University;  
2Department of Aeromedical Physical Examination, Xi'an Civil Aviation Hospital, Xi'an, 

Shaanxi 710061, P.R. China

Received May 27, 2014;  Accepted March 17, 2015

DOI: 10.3892/ol.2015.3120

Correspondence to: Professor Shiwen Guo, Department of 
Neurosurgery, First Affiliated Hospital of Xi'an Jiaotong University, 
277 Yanta West Road, Xi'an, Shaanxi 710061, P.R. China
E‑mail: guoshiwen1962@126.com

Key words: glioma, proliferation, all-trans retinoic acid, migration, 
invasion



LIANG et al:  ATRA INHIBITS MIGRATION AND INVASION OF GLIOMA CELLS2834

MMP‑9, are known to be major glioma invasion‑mediating 
factors that degrade the extracellular matrix to create space 
for invading glioma cells (13). However, the effect of ATRA 
on the migration and invasion of glioma cells remains poorly 
understood. In addition, although it is universally accepted 
that ATRA can induce the apoptosis and inhibit the prolifera-
tion of glioma cells, the association between the concentration 
and effects of ATRA remain unclear. Therefore, the present 
study aimed to investigate the effects of ATRA treatment on 
the migration, invasion, apoptosis and proliferation of glioma 
cells, with the intention of partially revealing the anti‑glioma 
mechanisms of ATRA.

Materials and methods

Materials. U‑87MG and SHG44 human glioma cell lines 
were purchased from the Cell Resource Center of the Chinese 
Academy of Sciences (Shanghai, China).

Cell culture. U87 cells were cultured in DMEM (Hyclone 
Laboratories, Inc., Beijing, China) supplemented with 10% 
fetal bovine serum (FBS; Hyclone Laboratories, Inc.) in an 
atmosphere of 5% CO2 at 37˚C. The SHG44 cells were cultured 
in RPMI 1640 (Hyclone Laboratories, Inc.) supplemented with 
10% FBS in a 5% CO2 atmosphere at 37˚C.

Scratch wound healing assay. The U87MG and SHG44 cells were 
seeded at a density of 1x105 cells/well in 24‑well plates (Corning 
Life Sciences, Lowell, MA, USA). After 24 h, the cell monolayer 
was scraped in a straight line using a 20‑µl pipette tip and the 
cells were washed three times with phosphate‑buffered saline. 
ATRA (Sigma‑Aldrich, St. Louis, MO, USA) was dissolved 
in dimethyl sulfoxide (DMSO; Sigma‑Aldrich) and stored in 
light‑protected vials at ‑20˚C as stock solution. The stock solution 
was diluted to the desired concentrations immediately prior to 
use and all experiments were performed under low‑light condi-
tions to minimize ATRA photoisomerization. The cells were 
incubated in low‑serum media containing 0.5% FBS and various 
concentrations of ATRA (5, 10, 20 and 40 µmol/l) and the control 
group was treated with an equal volume of solvent (DMSO) in 
culture medium. All the plates were placed in a culture incubator 
at 37˚C and at 0, 6, 12 and 24 h after incubation, the plates were 
removed from the incubator for images to be captured under a 
phase‑contrast microscope (CKX41; Olympus Corporation, 
Tokyo, Japan). Image‑Pro Plus software (Media Cybernetics, 
Inc., Rockville, MD, USA) was used to measure the relative 
migration distances.

Matrigel invasion assay. The U87MG and SHG44  cells 
were plated at a density of 5x105  cells/well on Transwell 
chambers (Corning Life Sciences) precoated with 50  µl 
Matrigel (BD Biosciences, Bedford, MA, USA) diluted with 
culture medium. Serum‑free culture medium containing 5, 
10, 20 or 40 µmol/l ATRA was used to incubate the cells of 
each group and medium containing 20% FBS in the lower 
chamber served as the chemoattractant. Non‑invading cells 
were removed with cotton swabs after 24 h, while invading 
cells were dyed with 0.1% crystal violet (Amresco, Inc., Solon, 
OH, USA) and counted using Image‑Pro Plus software under a 
phase‑contrast microscope (magnification, x200). The average 

cell number in five random visual fields was considered to be 
the number of invading cells of each chamber.

Flow cytometry. The U87MG and SHG44 cells were seeded 
at a density of 3x105 cells/well in six‑well plates (Corning 
Life Sciences) with 5, 10, 20 or 40 µmol/l ATRA for 24 h. 
An Annexin  V‑fluorescein isothiocyanate cell apoptosis 
detection kit (Beyotime Institute of Biotechnology, Haimen, 
Jiangsu, China) was used to detect cell apoptosis and a cell 
cycle analysis kit (Beyotime Institute of Biotechnology) 
was used to detect the cell cycle position of each group, 
according to the manufacturers' instructions. Furthermore, 
the proliferation index (PI) was used to indicate the prolifera-
tion level of each group, according to the following equation: 
PI = (S + G2/M) / (G0/G1 + S + G2/M) x 100%.

Quantitative polymerase chain reaction (qPCR). The U87MG 
and SHG44 cells were seeded at a density of 3x105 cells/well in 
six‑well plates with various concentrations of ATRA for 24 h, 
as aforementioned. The cells were then lysed and the total 
RNA was isolated using RNA Fast 200 kit (Shanghai Fastagen 
Biotechnology Co., Ltd., Shanghai, China), according to the 
manufacturer's instructions. RNA was reverse‑transcribed 
using a PrimeScript RT Master Mix kit (Takara Biotechnology 
Co., Ltd., Dalian, China). qPCR was performed using SYBR 
Premix Ex Taq II (Takara Biotechnology Co., Ltd.) on an 
iQ5 thermal cycler and analyzed using iQ5 software, version 
2.0  (Bio‑Rad, Hercules, CA, USA). Gene expression was 
compared using the cycle threshold (Ct). Ct was defined 
using the following equation: ∆Ct = CtTarget ‑ Ctβ‑actin, where 
β‑actin expression was used as the endogenous reference gene. 
Change in gene expression was evaluated using the 2‑∆∆Ct 
method (14). All primers were designed and synthesized by 
Takara Biotechnology Co., Ltd. (Table I).

Western blotting. The U87MG and SHG44  cells were 
cultured in 25 ml cell culture flasks (Corning Life Sciences) 
with various concentration of ATRA for 24 h. The cells were 
then harvested for use in assays. The cells were washed twice 
with PBS and then scraped in 300 µl radioimmunoprecipita-
tion assay lysis buffer (Beyotime Institute of Biotechnology) 
with 1 mmol/l phenylmethanesulfonyl fluoride on ice. The 
lysates were cleared of insoluble material by centrifugation, 
the protein concentration was determined using a Bradford 
protein assay kit (Beyotime Institute of Biotechnology) and 
samples were boiled in 1X SDS‑PAGE sample loading buffer, 
resolved by SDS‑PAGE, and �����������������������������  then ������������������������ transferred to ���������nitrocel-
lulose membranes (Bio‑Rad Laboratories). The membranes 
were probed with rabbit anti‑human MMP‑2 (dilution, 1:500; 
cat. no. BS1236), rabbit anti‑human MMP‑9 (dilution, 1:500; 
cat.  no.  BS1241) and rabbit anti‑human GAPDH (dilu-
tion,  1:5000; cat.  no.  ap0063) antibodies, all purchased 
from Bioworld Technology, Inc. (St. Louis Park, MN, USA). 
Subsequent to washing in Tris‑buffered saline containing 
0.02% Tween  20 (Sigma-Aldrich), the membranes were 
incubated with a secondary polyclonal anti‑rabbit IgG anti-
body conjugated to horseradish peroxidase (dilution, 1:2000; 
Thermo Fisher Scientific, Pittsburgh, PA, USA). Membranes 
were developed in Supersignal West Pico chemiluminescent 
reagent (Pierce Biotechnology, Inc., Rockford, IL, USA).
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Statistical analysis. The d�������������������������������������ata are presented as the mean ± stan-
dard deviation and were analyzed using SPSS software, 
version 17.0 (SPSS, Inc., Chicago, IL, USA). One‑way analysis 
of variance was used to compare groups and Fisher's least 
significant difference tests were performed for subsequent 
comparisons between groups. P<0.05 was considered to indi-
cate a statistically significant difference.

Results

ATRA significantly inhibits the migration of glioma cells. 
Subsequent to treatment with various concentrations of 
ATRA for 24  h, the migration distance of glioma cells 
was significantly reduced compared with the control 
group (P<0.01), excluding U87 glioma cells treated with 
5  µmol/l ATRA  (P>0.05). Furthermore, the migration 
distance significantly decreased with each increase in ATRA 
concentration (P<0.01; Fig. 1).

ATRA significantly inhibits the invasion of glioma cells. 
Following treatment with different concentrations of ATRA 
for 24  h, the number of invading cells was significantly 
reduced compared with that of the control group, particularly 

after treatment with high concentrations of ATRA, consisting 
of 20 and 40 µmol/l ATRA. A statistically significant differ-
ence was identified between all groups (P<0.01; Fig. 2).

ATRA significantly inhibits proliferation and promotes 
apoptosis in glioma cells. Following treatment with various 
concentrations of ATRA for 24 h, the PI of glioma cells in 
each treatment group was significantly decreased (P<0.01), 
particularly subsequent to treatment with 20 and 40 µmol/l 
ATRA (Fig. 3A).

Following treatment with various concentrations of ATRA 
for 24 h, the apoptosis rate of glioma cells in each treatment 
group was significantly increased compared with the control 
group (P<0.01). Furthermore, a statistically significant differ-
ence was identified between each treatment group and all other 
treatment groups (P<0.01; Fig. 3B).

ATRA significantly inhibits the expression of MMP‑2 and 
MMP‑9. Following a 24‑h incubation with the aforementioned 
concentrations of ATRA, various effects occurred on the 
MMP‑2 mRNA expression level in glioma cells, as indicated in 
Fig. 4A. Lower concentrations of ATRA (5 and 10 µmol/l) did 
not influence the expression of MMP‑2 mRNA in U87 glioma 

Figure 1. (A) Effect of all‑trans retinoic acid (ATRA) on the migration of U87 and SHG44 glioma cells (magnification, x100). (B) Migration distance (mm) 
of glioma cells following treatment with various concentration of ATRA for 24 h, indicating a significantly reduced migration distance in all treated 
cells, excluding U87 glioma cells treated with 5 µmol/l ATRA. Furthermore, the migration distance decreased with the increase in ATRA concentration. 
**P<0.01 vs. control group; ##P<0.01 vs. any other treatment group (n=3).
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cells (P>0.05 vs. control group). However, following treatment 
with 20 or 40 µmol/l ATRA, the MMP‑2 mRNA expression 
levels were significantly downregulated (P<0.01 vs. control 
group). By contrast, treating SHG44 glioma cells with various 
concentrations of ATRA for 24 h resulted in a significant 
downregulation of MMP‑2 mRNA expression levels at all 
ATRA concentrations (P<0.01 vs. control group; Fig. 4A).

Following treatment with various concentrations of 
ATRA, the variations in MMP‑9  mRNA expression in 
the glioma cell lines were similar to those of MMP‑2. 
The MMP‑9  mRNA expression was significantly down-
regulated in glioma cells following treatment with different 
concentrations of ATRA, compared with the control 
group (P<0.01; Fig. 4B).

Figure 2. (A) Effect of all‑trans retinoic acid (ATRA) on the invasive ability of U87 and SHG44 glioma cells (magnification, x200). (B) Number of invading 
glioma cells following treatment with different concentrations of ATRA for 24 h. The number of invading glioma cells was significantly decreased with the 
increase in ATRA concentration. *P<0.05 vs. control group; **P<0.01 vs. control group; ##P<0.01 vs. any other treatment group (n=3).

Figure 3. Effect of ATRA on the proliferation and apoptosis of glioma cells. (A) Effect of ATRA on the proliferation of glioma cells. Following treatment 
with different concentrations of ATRA for 24 h, the PI of all glioma cell groups was significantly decreased, excluding in the U87 group treated with 5 µmol/l 
ATRA. Furthermore, the PI decreased with the increase in ATRA concentration. (B) Effect of ATRA on the proliferation of glioma cells. Following treatment 
with various concentrations of ATRA for 24 h, the apoptosis rate of the glioma cells in each treatment group was significantly increased. *P<0.05 vs. control 
group; **P<0.01 vs. control group; #P<0.05 vs. any other treatment group; ##P<0.01 vs. any other treatment group (n=3). ATRA, all‑trans retinoic acid; PI, pro-
liferation index.
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MMP protein in each group was examined by western 
blotting, as indicated in Fig. 4C and D. Changes in MMP‑2 and 
MMP‑9 protein expression levels exhibited a similar trend 
to the changes in MMP‑2 and MMP‑9 mRNA expression 
levels. Thus, high concentrations of ATRA may significantly 
downregulate the protein expression levels of MMP‑2 and 
MMP‑9 in each glioma cell line.

Discussion

Numerous studies have reported that ATRA can inhibit 
the migration and invasion of various types of tumor cell 
lines, such as human breast cancer cells (15), gastric cancer 
cells (16), thyroid cancer cells (17) and colon cancer cells (18). 
However, the effects of ATRA on the migration and inva-
siveness of glioma remain poorly understood. In the present 
study, it was identified that ATRA could significantly inhibit 
the migration and invasiveness of glioma cell lines in a 
dose‑dependent manner. As gelatinases are important in the 
migration and invasiveness, the effects of ATRA treatment 
on the expression of MMP‑2 and MMP‑9 gelatinases were 
examined in two glioma cell lines. Following treatment with 
ATRA, MMP‑2  expression was inconsistent between the 
various glioma cell lines. ATRA appeared to significantly 
inhibit MMP‑2 expression in the SHG44 glioma cell line in 
a dose‑dependent manner. By contrast, only high concentra-
tions of ATRA inhibited MMP‑2 expression in the U87 glioma 
cell line. Furthermore, MMP‑9 expression was significantly 
decreased following treatment with ATRA in the two glioma 
cell lines. However, there was no statistically significant differ-
ence between the 5 and 10 µmol/l group of U87 glioma cells. 
The mechanisms that resulted in the various gelatinase expres-
sion levels induced by ATRA in the two glioma cell lines 
remains unclear. According to existing evidence, this may be 

partially associated with variations in the distribution of RAR 
isoforms between cell lines (19).

As ATRA inhibits the expression of gelatinases in glioma 
cells, it may be proposed that the inhibitory effects of ATRA 
on the migration and invasion of glioma cells may partially 
depend on the inhibitory effects of ATRA on the expression 
of MMP‑2 and MMP‑9. However, the present study identified 
that the expression of MMP‑2 and MMP‑9 in the U87 glioma 
cell line was not completely compatible with the variation in 
invasion and migration ability following treatment with various 
concentrations of ATRA. These results indicate that ATRA 
may also regulate the migration and invasion of glioma cells 
using alternate mechanisms. Previous studies have reported that 
ATRA can inhibit the activity of MMP‑2 (20) and MMP‑9 (15) 
via tissue inhibitor of metalloproteinase, a protein that may 
be involved in the regulation of migration and invasion of 
ATRA‑treated glioma cells.

Although it is universally accepted that ATRA can induce 
apoptosis and inhibit proliferation in glioma cells (4,20,21), the 
association between the concentration of ATRA and its effects 
remain unclear. In the present study, ATRA treatment signifi-
cantly inhibited the proliferation and increased the apoptosis 
of glioma cells in a dose‑dependent manner. Previous studies 
reported similar results in melanoma cells treated with various 
concentrations of ATRA  (22). The mechanisms by which 
ATRA regulates the apoptosis of glioma cells may be associated 
with the caspase‑3/poly(ADP‑ribose) polymerase‑1 signaling 
pathway (23‑25). In addition, the downregulation of B cell 
lymphoma‑2  (Bcl‑2) and the upregulation of Bcl‑2‑associ-
ated X protein may be involved in this process  (4,20,24). 
Furthermore, it has been reported that ATRA can inhibit the 
expression of cyclin D1 and c‑myc, proteins that are impor-
tant in the regulation of the cell cycle and can inhibit cellular 
proliferation (6).

Figure 4. Effect of all‑trans retinoic acid (ATRA) on the expression of MMP‑2 and MMP‑9 in glioma cells. Effect of ATRA on the mRNA expression levels 
of (A) MMP‑2 and (B) MMP‑9 in glioma cells. **P<0.01 vs. control group (n=3). Effect of ATRA on the protein expression levels of MMP‑2 and MMP‑9 in 
(C) U87 and (D) SHG44 glioma cells. a, control group; b, 5 µmol/l; c, 10 µmol/l; d, 20 µmol/l; e, 40 µmol/l. MMP, matrix metalloproteinases.
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In conclusion, the present study identified that ATRA 
treatment may inhibit the migration and invasion of glioma 
cells in a dose‑dependent manner, and these effects may be 
partially associated with the effect of ATRA on the expression 
of gelatinases. Furthermore, ATRA may inhibit proliferation 
and increase apoptosis in glioma cells. Thus, the results of 
the present study reveal additional information regarding the 
anti‑glioma mechanisms of ATRA.
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