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Abstract: The present study was performed to investigate the effect of retinoic acid amide (RAA) on the expression 
of integrin α3β1, rate of cell proliferation and migration in p53-deficient glioma cell line, LN-308. The results re-
vealed promotion of integrin α3 expression, reduction in proliferation and migration in RAA treated cells compared 
to the control LN-308 glioma cells. Promotion of RAA induced integrin α3β1 expression led to the enhancement in 
cyclin-dependent kinase nuclear localization and activation of Akt pathway. In addition, RAA treatment inhibited the 
expression of nuclear factor-κB, Bcl-2 and epidermal growth factor receptor (EGFR). These factors are responsible 
for promoting the rate of cell proliferation and survival in the carcinoma cells. Thus RAA treatment inhibits rate of 
LN-308 glioma cell proliferation and migration through increase in integrin α3β1 expression and activation of Akt 
pathway. Therefore, RAA can be of therapeutic importance for the treatment of glioma.
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Introduction

Retinoic acid exhibits inhibitory effect on the 
growth and progression of several types of car-
cinomas [1]. It is reported that retinoic acid 
treatment suppresses the rate of proliferation, 
induces differentiation and apoptosis in colon 
[2], prostate [3], lung [4] and leukemia [5] can-
cer cell lines. In neuroblastoma and astrocyto-
ma cells exposure to retinoic acid alters mor-
phological features as well as inhibits prolifera-
tion and gene expression [6, 7]. Furthermore, 
retinoic acid treatment exhibits inhibitory effect 
on the recurrent malignant cerebral gliomas 
[8-10].

Integrins are present on the surface of glioma 
cells and regulate various cellular processes 
including transfer of information between cells, 
proliferation, survival and migration [11-13]. 
The activation of phosphatidylinositol 3-kinase 
(PI3K)/Akt and extracellular signal-regulated 
kinase (ERK) control the process of cell signal-
ing is also regulated by the integrins [11, 13]. 

One of the most commonly observed surface 
receptor, integrins, α3 plays a dual role in the 
regulation of carcinoma progression [13, 14]. In 
cases of pulmonary carcinoma decrease in 
integrin α3 expression promotes the cancer 
progression and reduces rate of prognosis [15, 
16]. The tyrosine kinase receptor known as epi-
dermal growth factor receptor (EGFR) is also 
found on the surface of many types of carcino-
ma cells [17-19]. It plays a vital role in cell sig-
naling process through phosphorylation of Akt 
and ERK [17].

Various studies have demonstrated that cellu-
lar processes like proliferation, apoptosis and 
inflammation are mediated by the nuclear 
factor-κB (NF-κB) [20, 21]. NF-κB plays a dual 
role in the mode of action in the carcinoma cell 
proliferation and migration based on the nature 
of tissue and p53, tumor suppressor protein 
expression [20]. The present study was per-
formed to investigate the effect of retinoic acid 
amide (RAA, Figure 1) on the expression of inte-
grin α3β1, cell proliferation and extent of migra-
tion in p53-deficient glioma cells, LN-308. 
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Materials and methods

Cell lines and culture

The p53-deficient glioma cell line, LN-308 was 
obtained from American Type Culture Collection 
(Manassas, VA, USA). The cells were cultured in 
Dulbecco’s modified Eagle’s medium (DMEM) 
supplemented with 10% fetal bovine serum 
(HyClone Laboratories, Logan, UT, USA).

Reagents

Dulbecco’s modified Eagle’s medium and di- 
methyl sulphoxide were purchased from Sigma 
(St. Louis, MO, USA). MEK 1/2 inhibitor (PD- 
98059) and PI3K inhibitor (LY294002) were 
obtained from R&D Systems (Minneapolis, MN, 
USA). 

RT-PCR

The cells at a density of 2.5 × 105 were cultured 
in 100 mm dishes with 10 ml medium, treated 
with RAA for 72 h and then collected. From the 
cell pellets RNA was extracted using an RNeasy- 
Plus Mini kit (Qiagen, TX, USA). Superscript III 
First-strand Synthesis SuperMix for qRT-PCR 
(Invitrogen, Carlsbad, CA, USA) was employed 
to perform the RT-PCR. For the determination 
of concentration of cDNA NanoDrop1000 (Ther- 
mo Fisher Scientific, DE, USA) was used and 
adjusted to 40 ng/ml with diethylpyrocarbon-
ate (DPEC) water. The Chromo4 (Bio-Rad, Cam- 
bridge, MA, USA) was employed for performing 
real-time PCR using FAM-labeled TaqMan pro- 
bes and TaqMan Universal Master Mix (Applied 
Biosystems). For the purpose of PCR initially 
incubation was carried out for 2 min at 50°C, 
followed by denaturation for 10 min at 95°C 
and 50 cycles for 15 sec at 95°C and for 1 min 
at 60°C. 

Cell growth assay

LN-308 glioma cells treated with RAA or DMSO 
as control were distributed at a density of 2.5 × 

105 cells per well onto the 6-well plates. The 
cells were serum-starved for 24 h for synchro- 
nization into G1/G0 phase of cell cycle. After 
synchronization the cells were incubated either 
in MEK-inhibitor supplemented FBS-DMEM or 
PI3K-inhibitor supplemented FBS-DMEM for 48 
h. Following incubation the cells were rinsed  
in ice-cold PBS and detached using trypsin. Cell 
counting was performed using trypan blue 
exclusion method in triplicates independently. 

Migration assay

LN-308 glioma cells at a density of 2 × 106 per 
well were dispersed onto 48-well plates and 
allowed to attain confluence. RAA at various 
concentrations was added to each well fol-
lowed by incubation for 48 h. After incubation, 
pipette tip was pierced gently into the cell 
monolayer to make a small single wound. The 
cells were incubated with inhibitor for MEK or 
PI3K or with DMSO as control for 48 h. Following 
methyl alcohol fixing, the cells were stained 
using Giemsa stain. The cells were then exam-
ined for the analysis of migration into the 
wounded area. 

Western blot analysis

LN-308 glioma cells (2 × 106) after incubation 
with various concentrations of RAA were treat-
ed with 200 μl lysis buffer (40 mmol/l Tris-HCl, 
1 mmol/l EDTA, 150 mmol/l KCl, 100 mmol/l 
NaVO3, 1% Triton X-100 and 1 mmol/l PMSF, pH 
7.5). NucBuster™ Protein Extraction kit 
(Novagen®; Merck KGaA, Darmstadt, Germany) 
was used for harvesting nuclear lysates accord-
ing to the manufacturer’s instructions. Proteins 
samples (60 μg) after separation using 10% 
SDS-PAGE were transferred onto polyvinylidene 
fluoride membranes (Millipore Corp., Billerica, 
MA, USA). The non-specific binding sites were 
blocked by incubation of the membranes with 
non-fat milk [5% in Tris-buffered saline with 
Tween®-20 (TBST) buffer] for 1 h at 37°C. 
Incubation of the membranes with primary anti-
bodies was performed overnight at 4°C. The 
membranes were washed in PBS and then 
incubated with horseradish peroxidase-conju-
gated goat anti-mouse or anti-rabbit immuno-
globulin G (Zhuangzhi Bio, Xi’an, China) for 1 h. 
Enhanced Chemiluminescence kit (ECL Plus; 
GE Healthcare Europe GmbH, Freiburg, Ger- 
many) was used for visualization of the ban- 
ds. ImageJ software (version 1.42q; National In- 

Figure 1. Structure of retinoic acid amide (RAA).
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stitute of Health, Bethesda, MD, USA) was used 
for the densitometric analysis of the bands.

Analysis of matrix metalloproteinase activity

We used zymography for determination of the 
activity of matrix metalloproteinases. Briefly, 
the cell samples diluted with sample buffer we- 
re separated by electrophoresis on 10% poly-
acrylamide gel supplemented with gelatin. Re- 

moval of SDS and re-naturalization of MMPs 
was performed by incubation of the gels in 
2.5% Triton X-100 for 2 h. The gels were incu-
bated again in developing buffer supplemented 
with 50 mMTris-HCl (pH 7.5), 10 mM CaCl2, and 
150 mM NaCl at 37°C for 24 h. Coomassie bril-
liant blue R-250 in 30% methanol-10% acetic 
acid was used for the staining of gels. The gel 
was de-stained using a binary system of metha-
nol (30%) and acetic acid (10%). 

Figure 2. Effect of RAA and siRNA-targeting integrin α3 on the expression of integrin α3 in LN-308 glioma cells de-
termined using RT-PCR and western blot analysis. Statistical significance is indicated as P < 0.05.

Figure 3. RAA treatment inhibited cell proliferation in LN-308 glioma cells by decreasing nuclear localization of Cdks 
and NF-κB. The values expressed are the mean ± SD for three independent experiments. Statistical significance is 
indicated (P < 0.05). 
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Statistical analysis

Student’s t-test was used for the statistical 
analysis of the data obtained. All the experi-
ments were performed in triplicates indepen-
dently. The statistically significant differences 
were considered at P < 0.05.

Results

Effect of RAA on the expression of integrin 
α3β1 in p53-deficient LN-308 glioma cells

Treatment of LN-308 glioma cells with RAA 
caused a significant increase in the expression 

Figure 5. Effect of RAA on EGFR expression and signaling pathways in LN-308 glioma cells using western blot analy-
sis. 

Figure 4. Effect of RAA on cell 
migration in LN-308 glioma cells. 
A, B: Migration of cells was de-
termined by the measurement of 
migration distance from wound 
edge. C: Conditioned media was 
used to perform gelatin zymo-
gram analysis for control and RAA 
treated cells. 
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apoptotic Bcl-2 protein in LN-308 cells signifi-
cantly compared to the control cells (Figure 
5A). Analysis of the alterations in PI3K/Akt and 
ERK activation revealed that RAA treatment 
induced phosphorylation of Akt significantly 
without any effect on ERK phosphorylation at 
48 h (Figure 5B). 

LN-308 cells when pretreated with LY294002, 
an inhibitor of PI3K-Akt pathway or PD98059, 
an inhibitor of ERK pathway showed inhibition 
of ERK and Akt activation in both control and 
RAA treated cells (Figure 6A). Treatment of RAA 
treated glioma cells with LY294002 enhanced 
the expression level of Cdk4 and Cdk2 and 
reduced the expression of Cdk inhibitor p27Kip1 

(Figure 6B).

of integrin α3 compared to the control cells. 
Comparison of the RAA treated, control and 
siRNA-targeting integrin α3 transfected cells 
revealed that the level of integrin α3 was signifi-
cantly higher in RAA treated compared to the 
control cells. Moreover, in control cells the level 
of integrin α3 was higher than in the cells treat-
ed with siRNA-targeting integrin α3 (Figure 2).

RAA reduced proliferation of LN-308 cells

Treatment of LN-308 cells with 20 µM concen-
tration of RAA for 48 h led to a significant reduc-
tion in the rate of cell proliferation compared to 
the control cells (Figure 3A). Analysis of the 
expression of cell cycle proteins revealed that 
RAA treatment significantly reduced the expres-

sion level of Cdks and nuclear 
localization of Cdk4 in LN-308 
cells compared to the control 
cells. However, the expres-
sion of p21WAF1/Cip1, Cdk 
inhibitor was increased in the 
nuclear compartments of the 
RAA treated cells (Figure 3B, 
3C). Furthermore, RAA treat-
ment in LN-308 cells signifi-
cantly inhibited the expres-
sion levels of NF-κB in the 
cytosolic compartments (Fi- 
gure 3C). 

RAA treatment inhibits cell 
migration

RAA treatment caused a 
marked reduction in the 
migration potential of LN-308 
cells into the wounded area 
after 48 h (Figure 4A, 4B). 
Examination of the expres-
sion of MMP-2 and MMP-9 
revealed a significant in- 
crease in the MMP-9 activity 
without any effect on MMP-2 
on exposure to RAA (Figure 
4C). 

Effect of RAA on ERK and Akt 
activation inLN-308 glioma 
cells

The results showed that RAA 
treatment inhibited the ex- 
pression of EGFR and anti-

Figure 6. Effects of RAA on on the expression of Cdks and LN-308 cell prolif-
eration. (A) The cells were pretreated with LY294002 or PD98059 for 24 h (A) 
or 48 h (B) followed by cell proliferation and western blot analysis. 

Figure 7. Inhibition of cell migration in RAA treated cells involves Akt- and 
ERK-independent pathways. 
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LN-308 glioms cells on pretreatment with 
LY294002 or PD98059 significantly showed 
decrease in the migration of control cells 
(Figure 7). However, in RAA treated cells 
LY294002 but not PD98059 treatment 
decreased cell migration (Figure 7). 

Discussion

The present study demonstrates that RAA 
treatment enhances the expression of integrin 
α3β1, inhibits the rate of proliferation and 
migration in p53-deficient LN-308 glioma cells. 
Furthermore, RAA treatment suppressed the 
expression level of EGFR, Cdks, NF-κB, Bcl-2 
and induced the activation of Akt. Integrin α3β1 
plays a dual role in the progression of tumor 
metastasis and invasion in various types of 
cancers either by promoting or inhibiting it [14, 
22, 23]. In brain tumor metastasis the expres-
sion of integrin α3β1 is enhanced [23] where as 
in small cell lung cancer and NSCLC the expres-
sion of integrin α3β1 is inhibited [15, 16]. It is 
reported that suppression of integrin α3 
expression leads to enhancement in rate of 
carcinoma cell proliferation and survival along 
with the reduction in the survival rate of cancer 
patients [16, 24]. Results from the present 
study revealed that treatment of LN-308 cells 
with RAA caused a significant enhancement in 
the expression of Integrin α3β1.

Progression of cell cycle is mediated by activa-
tion of cyclin-dependent kinases (Cdks) and 
localization of Cdks from cytoplasm to nucleus 
[25]. Analysis of the expression of cell cycle pro-
teins in LN-308 cells revealed a significant 
reduction in the expression levels and nuclear 
localiza tion of Cdks by RAA treatment. The 
expression of Cdk inhibitor, p21WAF1/Cip1 was 
increased in the nuclear compartments of AA 
treated cells. NF-κB transcription factor is 
known for regulation of expression of a variety 
of genes in response to inflammation, cell cycle 
progression, survival, and anti-apoptosis [20, 
21, 26]. In the present study RAA treatment sig-
nificantly inhibited the expression levels of 
NF-κB in the cytosolic compartments in LN-308 
cells. Therefore, it appears that RAA induces 
inhibition of cell cycle progression and prolifer-
ation through suppression in the expression 
and nuclear localization of Cdks and NF-κB.

Activation of the matrix metalloproteinases 
(MMPs) leads to increase in the extent of cell 

migration [27]. Results from the present study 
revealed that RAA significantly reduced cell 
migration and increased MMP-9 activity with-
out any effect on MMP-2. 

Enhancement in the expression of anti-apop-
totic regulators like Bcl-2 is mediated by NF-κB 
(21). Our results revealed that RAA treatment 
enhanced the phosphorylation of Akt without 
any effect on phosphorylation of ERK. 

Conclusion

Therefore, RAA plays an important role in the 
inhibition of glioma cell migration through in- 
crease in the expression of integrin α3β1 and 
activation of Akt pathway.

Acknowledgements

This work was supported by The natural 
sciences fund of Shandong province in 2012, 
NO:1749.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Qing-Hai Meng, De- 
partment of Neurosurgery, Brain Hospital, Affiliated 
Hospital of Qingdao University, 21 Jiangsu Road, 
Qingdao 266000, P. R. China. Tel: 0086-532-829- 
11847; Fax: 0086-532-82911847; E-mail: mengq-
inghai06@hotmail.com

References

[1] Chandraratna RA. Current research and future 
developments in retinoids: Oral and topical 
agents. Cutis 1998; 61: 40-45.

[2] Zheng Y, Kramer PM, Lubet RA, Steele VE, 
Kelloff GJ, Pereira MA. Effect of retinoids on 
AOM-induced colon cancer in rats: Modulation 
of cell proliferation, apoptosis and aberrant 
crypt foci. Carcinogenesis 1999; 20: 255-260.

[3] Liang JY, Fontana JA, Rao JN, Ordonez JV, 
Dawson MI, Shroot B, Wilber JF, Feng P. 
Synthetic retinoid CD437 induces S-phase ar-
rest and apoptosis in human prostate cancer 
cells LNCaP and PC-3. Prostate 1999; 38: 
228-236.

[4] Weber E, Ravi RK, Knudsen ES, Williams JR, 
Dillehay LE, Nelkin BD, Kalemkerian GB, 
Feramisco JR, Mabry M. Retinoic acid-mediat-
ed growth inhibition of small cell lung cancer 
cells is associated with reduced myc and in-
creased p27Kip1 expression. Int J Cancer 
1999; 80: 935-943.

mailto:mengqinghai06@hotmail.com
mailto:mengqinghai06@hotmail.com


Retinoic acid amide inhibits glioma cell proliferation and migration

13927 Int J Clin Exp Pathol 2015;8(11):13921-13927

[5] Mologni L, Ponzanelli I, Bresciani F, Sardiello 
G, Bergamaschi D, Gianni M, Reichert U, 
Rambaldi A, Terao M, Garattini E. The novel 
synthetic retinoid 6-[3-adamantyl-4-hydroxy- 
phenyl]-2-naphtalene carboxylic acid (CD437) 
causes apoptosis in acute promyelocyticleuke-
mia cells through rapid activation of caspases. 
Blood 1999; 93: 1045-1061.

[6] Irving H, Lovat PE, Hewson QC, Malcolm AJ, 
Pearson AD, Redfern CP. Retinoid induced dif-
ferentiation of neuroblastoma: Comparison 
between LG69, an RXR-selective analogue and 
9-cis retinoic acid. Eur J Cancer 1998; 34: 
111-117.

[7] Dirks PB, Patel K, Hubbard SL, Ackerley C, 
Hamel PA, Rutka JT. Retinoic acid and the cy-
clin dependent kinase inhibitors synergistically 
alter proliferation and morphology of U343 as-
trocytoma cells. Oncogene 1997; 15: 2037-
2048.

[8] Yung WK, Kyritsis AP, Gleason MJ, Levin VA. 
Treatment of recurrent malignant gliomas with 
high-dose 13-cis-retinoic acid. Clin Cancer Res 
1996; 2: 1931-1935.

[9] Defer GL, Adle-Biassette H, Ricolfi, Martin L, 
Authier FJ, Chomienne C, Degos L, Degos JD. 
All-trans retinoic acid in relapsing malignant 
gliomas: Clinical and radiological stabilization 
associated with the appearance of intratumor-
al calcifications. J Neurooncol 1997; 34: 169-
177.

[10] Kaba SE, Kyritsis AP, Conrad C, Gleason MJ, 
Newman R, Levin VA, Yung WK. The treatment 
of recurrent cerebral gliomas with all-trans-
retinoic acid (tretinoin). J Neurooncol 1997; 
34: 145-151.

[11] Cox D, Brennan M, Moran N. Integrins as thera-
peutic targets: lessons and opportunities. Nat 
Rev Drug Discov 2010; 9: 804-820. 

[12] Hood JD, Cheresh DA. Role of integrins in cell 
invasion and migration. Nat Rev Cancer 2002; 
2: 91-100. 

[13] Hynes RO. Integrins: bidirectional, allosteric 
signaling machines. Cell 2002; 110: 673-687.

[14] Kreidberg JA. Functions of α3β1 integrin. Curr 
Opin Cell Biol 2000; 12: 548-553. 

[15] Barr LF, Campbell SE, Bochner BS, Dang CV. 
Association of the decreased expression of 
α3β1 integrin with the altered cell: environ-
mental interactions and enhanced soft agar 
cloning ability of c-myc-overexpressing small 
cell lung cancer cells. Cancer Res 1998; 58: 
5537-5545. 

[16] Adachi M, Taki T, Huang C, Higashiyama M, Doi 
O, Tsuji T, Miyake M. Reduced integrin α3 ex-
pression as a factor of poor prognosis of pa-
tients with adenocarcinoma of the lung. J Clin 
Oncol 1998; 16: 1060-1067. 

[17] Lemmon MA, Schlessinger J. Cell signaling by 
receptor tyrosine kinases. Cell 2010; 141: 
1117-1134.

[18] Sharma SV, Bell DW, Settleman J, Haber DA. 
Epidermal growth factor receptor mutations in 
lung cancer. Nat Rev Cancer 2007; 7: 169-
181.

[19] Hynes NE, Lane HA. ERBB receptors and can-
cer: the complexity of targeted inhibitors. Nat 
Rev Cancer 2005; 5: 341-354.

[20] Perkins ND. The diverse and complex roles of 
NF-κB subunits in cancer. Nat Rev Cancer 
2012; 12: 121-132.

[21] Kim YK, Lee EK, Kang JK, Kim JA, You JS, Park 
JH, Seo DW, Hwang JW, Kim SN, Lee HY, Lee 
HW, Han JW. Activation of NF-κB by HDAC in-
hibitor apicidin through Sp1-dependent de 
novo protein synthesis: its implication for resis-
tance to apoptosis. Cell Death Differ 2006; 13: 
2033-2041.

[22] Stipp CS. Laminin-binding integrins and their 
tetraspanin partners as potential antimeta-
static targets. Expert Rev Mol Med 2010; 12: 
e3.

[23] Yoshimasu T, Sakurai T, OuraS, Hirai I, Tanino 
H, Kokawa Y, Naito Y, Okamura Y, Ota I, Tani N, 
Matsuura N. Increased expression of integrin 
α3β1 in highly brain metastatic subclone of a 
human non-small cell lung cancer cell line. 
Cancer Sci 2004; 95: 142-148.

[24] Gogali A, Charalabopoulos K, Constantopoulos 
S. Integrin receptors in primary lung cancer. 
Exp Oncol 2004; 26: 106-110.

[25] Sherr CJ. The Pezcoller lecture: cancer cell cy-
cles revisited. Cancer Res 2000; 60: 3689-
3695.

[26] Mayo MW, Denlinger CE, Broad RM, Yeung F, 
Reilly ET, Shi Y, Jones DR. Ineffectiveness of 
histone deacetylase inhibitors to induce apop-
tosis involves the transcriptional activation of 
NF-κB through the Akt pathway. J Biol Chem 
2003; 278: 18980-18989.

[27] Stetler-Stevenson WG, Seo DW. TIMP-2: an en-
dogenous inhibitor of angiogenesis. Trends 
Mol Med 2005; 11: 97-103.


