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ABSTRACT 
 
Aims and  Study Design:  Epidermal growth factor receptor (EGFR) regulates a number of cellular 
processes, including cell motility, proliferation, differentiation and survival. EGFR mediated signal 
transduction via mitogen activated protein kinase (MAPK) modulates expression and activity of 
matrix metalloproteinases (MMPs). Elevated expression and activity of MMP-2 strongly correlates 
with increased tumour invasiveness. As numerous studies indicate that all-trans retinoic acid 
(ATRA) has considerable anti-tumorigenic potential, the effect of ATRA on EGFR mediated 
regulation of MMP-2 via MAPK was studied in this paper using the highly metastatic murine 
melanoma cell line B16F10 as a model.  
Methodology: B16F10 cells were cultured in the presence of ATRA (20 µM) for 6, 15 and 24 hrs. 
EGFR expression and phosphorylation and p38MAPK expression were assayed by Western blot. 
MMP-2 activity was assayed by gelatin zymography of culture supernatants. MMP-2 and TIMP-2 
mRNA expression were assayed by RT-PCR. DNA fragmentation was used to assay the efficacy of 
ATRA in causing apoptosis.  
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Results:  Treatment of B16F10 murine melanoma cells with ATRA (20 µM) for 24 hrs led to an 
appreciable downregulation of EGFR phosphorylation and expression of EGFR and p38MAPK. 
Treatment of B16F10 cells with ATRA also inhibited MMP-2 activity and downregulated transcription 
of MMP-2 while transcription of TIMP-2 was upregulated. Treatment with ATRA did not show 
appreciable fragmentation of DNA.  
Conclusion:  Downregulation of EGFR expression and phosphorylation and EGFR mediated signal 
transduction through p38 MAPK could lead to downregulation of MMP-2 transcription. 
Downregulation of MMP-2 transcription and upregulation of transcription of the MMP inhibitor TIMP-
2 could result in loss of MMP-2 activity. Loss of MMP-2 activity would render cells less metastatic. 
Our findings indicate that treatment with ATRA can inhibit EGFR mediated regulation of MMP-2 
activity in B16F10 murine melanoma cells. Such inhibition could have therapeutic potential in clinical 
management of tumours. 
 

 
Keywords: All-trans retinoic acid (ATRA); melanoma; epidermal growth factor receptor (EGFR); matrix 

metalloproteinase-2 (MMP-2); tissue inhibitor of metalloproteinases-2 (TIMP-2); mitogen 
activated protein kinase (MAPK). 

 
1. INTRODUCTION 
 
The retinoids, a class of chemical compounds 
that include vitamin A, its analogues and its 
metabolites, modulate several cellular processes, 
including proliferation, differentiation and 
apoptosis [1-4]. Retinoic acid is considered to be 
the biologically most active form of vitamin A and 
all-trans retinoic acid (ATRA) and its 
stereoisomer 9-cis retinoic acid are involved in 
the regulation of a number of biological 
processes. ATRA has been shown to suppress 
tumour formation in animals, inhibit proliferation 
of tumour cells in vitro and, in combination with 
chemotherapeutic drugs, is used for the 
treatment of acute promyelocytic leukemia (APL) 
[1-5]. The anti-tumorigenic effects of ATRA are 
usually attributed to induction of differentiation or 
apoptosis [1-3,6]. However, despite a number of 
experiments indicating its anti-tumorigenic 
potential, the effects of ATRA on solid tumours 
and the molecular mechanisms by which such 
effects are exerted remain largely to be 
elucidated in detail. 
 
Epidermal growth factor receptor (EGFR), a 170 
kDa transmembrane glycoprotein, is a member 
of the ErbB family of tyrosine kinase receptors. A 
number of ligands bind to and activate EGFR, 
including epidermal growth factor (EGF), 
transforming growth factor–α (TGF-α), 
betacellulin, heparin-binding EGF and epiregulin. 
[7-9]. The binding of ligands to EGFR leads to 
receptor dimerization, followed by internalization 
of the dimerized receptor and 
autophosphorylation of EGFR tyrosine kinase 
domains. Phosphorylation of EGFR stimulates 
activation of intracellular signal transduction 
cascades. The Ras-Raf/ mitogen activated 

protein kinase (MAPK)/extracellular signal 
regulated kinase (ERK) pathway and 
phosphatidylinositol 3' kinase (PI3K)/ Akt 
pathway are two major routes for EGFR 
mediated signalling [7-9]. EGFR mediated 
signalling plays important roles in regulation of 
gene expression, cell proliferation, cell migration, 
angiogenesis and apoptosis and has also been 
associated with tumour invasion and metastasis 
[7,8,10,11]. EGFR is overexpressed in a number 
of solid tumours and tumour cell lines, including 
breast cancers, ovarian cancers, squamous cell 
carcinomas of the head and neck and 
melanomas [7,8,12-14]. A number of reports 
indicate that EGFR is involved in progression 
and metastasis of melanomas and increased 
EGFR expression correlates with a worse 
prognosis and shortened survival [14,15]. 
Aberrant EGFR expression and phosphorylation 
has been shown to play a key role in tumour 
development by regulating malignant 
progression, metastatic potential, apoptosis and 
angiogenesis [7,8,12-14].  
 
Numerous studies indicate that elevated 
expression and activity of matrix 
metalloproteinases (MMPs), a family of zinc 
dependant endopeptidases, strongly correlates 
with increased metastatic potential, tumour 
spread and poor prognosis in a number of 
cancers including melanomas and breast, lung, 
thyroid, oral, stomach and colon carcinomas   
[16-20]. MMPs play multiple roles in promoting 
tumour progression by regulating cell growth, 
survival, migration, invasion and angiogenesis 
[16-20]. Among the MMPs, MMP-2 (gelatinase A) 
is believed to be crucial for tumour invasion and 
metastasis. MMP-2 cleaves type IV collagen, 
leading to disruption of basement membrane 
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integrity, and is involved in the extensive 
extracellular matrix (ECM) degradation that 
occurs during invasion and metastasis [16-20]. 
The activity of MMPs in vivo is regulated by the 
tissue inhibitors of metalloproteinases (TIMPs), 
which are endogenous inhibitors of MMPs 
[16,18,19]. The N-terminal domains of TIMPs 
bind to the catalytic sites of active MMPs and 
inhibit MMP activity, downregulating proteolytic 
degradation of the ECM, tumour cell migration 
and invasiveness [16,18,19]. Interaction of EGFR 
with its ligands has been shown to regulate MMP 
expression in cancer cells [12,21,22]. EGFR 
regulates MMP expression and function in 
fibroblasts via MAPK and AP-1 [23] and EGFR 
stimulation of the ERK/MAPK pathway has been 
reported to activate several MMP genes, 
including MMP-1, MMP-3, MMP-7, MMP-9 and 
MT1-MMP in ovarian cancer [12].  
 
In our present study, the effect of ATRA on 
EGFR mediated regulation of MMP-2 was 
studied using the highly metastatic murine 
melanoma cell line B16F10 as a model. 
 

2. MATERIALS AND METHODS 
 
2.1 Antibodies and Reagents 
 
ATRA was purchased from Sigma-Aldrich (USA). 
Primary antibodies (anti-EGFR, anti-p-EGFR, 
anti-p38MAPK and anti-paxillin) and secondary 
antibodies (alkaline phosphatase coupled) were 
purchased from Santa Cruz (USA). NucleoSpin 
RNA XS kit and BluePrint RT-PCR Kit were 
purchased from Takara (Japan). Dulbecco’s 
Modified Eagle’s Medium (DMEM) and foetal 
bovine serum (FBS) were purchased from 
HiMedia (India). Nitro blue tetrazolium chloride 
and 5-bromo-4-chloro-3-indoyl phosphate 
(NBT/BCIP) were purchased from Bangalore 
Genei (India). Other fine chemicals were bought 
from Merck (USA) and Sigma-Aldrich (USA). 
 

2.2 Cell Line 
 
Highly metastatic murine melanoma cell line 
B16F10 was obtained from National Centre for 
Cell Science (NCCS), Pune, India. Cells were 
cultured and maintained in DMEM containing 
10% FBS at 37°C in a CO 2 incubator (3% CO2). 
 

2.3 Preparation of ATRA Stock Solution 
and Treatment of Cells 

 
ATRA was dissolved in DMSO to prepare a 5mM 
stock solution. B16F10 cells (300,000) cultured in 
petridishes were washed thrice with serum free 

culture medium (SFCM) and treated with ATRA 
(20 µM) for 6, 15 and 24 hrs. Control cells were 
cultured without ATRA in presence of equivalent 
amounts of DMSO (solvent for ATRA). Cells and 
culture supernatants were collected at the 
respective time points. Cells were extracted in 
extraction buffer (37.5 mM Tris, 75 mM NaCl, 
0.5% Triton X-100, 1% protease inhibitors) by 
homogenization at 4°C. Protein contents of the 
resultant extracts and culture supernatants were 
estimated by modified Lowry’s method [24].  
 

2.4 Western Blot 
 
Cell extracts (containing 80 µg protein) were 
suspended in Laemmli’s buffer containing β-
mercaptoethanol for 5 mins at 90°C, run on 7.5% 
or 10% SDS-PAGE as appropriate and proteins 
were transferred on to nitrocellulose membranes 
by Western blot. The membranes were blocked 
with 1% BSA and incubated with anti-EGFR, 
anti-p-EGFR, anti-p38MAPK or anti-paxillin 
antibodies (1:1000 dilution) for 1.5 hrs at 37°C, 
washed thrice with Tris buffered saline with 
Tween 20 (TBS-T), incubated with corresponding 
alkaline phosphatase coupled secondary 
antibodies (1:2000 dilution) for 1.5 hrs at 37°C 
and washed thrice with TBS-T. Bands were 
visualized using NBT/BCIP substrate. 
 

2.5 Gelatin Zymography 
 
Culture supernatants (containing 20 µg protein) 
were mixed with sample buffer containing 2.5% 
SDS (without β-mercaptoethanol) and incubated 
at 37°C for 30 min. Comparative gelatin 
zymography was performed on 10% SDS-PAGE 
co-polymerised with 0.1% gelatin. Gels were 
washed in 2.5% Triton X-100 for 30 min (to 
remove SDS), incubated for 40 hours in reaction 
buffer and stained with 0.25% Coomassie 
Brilliant Blue. Bands were clearly visualized by 
destaining the gel in water [25]. 
 

2.6 RT-PCR 
 
RNA was extracted from control B16F10 cells 
and from B16F10 cells grown in the presence of 
ATRA (20 µM) for 6, 15 and 24 hrs using 
NucleoSpin RNA XS kit (Takara). Sequence of 
primers used for PCR were: MMP-2, forward 5'-
CACCTACACCAAGAACTTCC-3' & reverse 5'-
AACACAGCCTTCTCCTCCTG-3’; TIMP-2, 
forward 5'-CTCGCTGGACGTTGGAGGAA-3' &, 
reverse 5'-CACGCGCAAGAACCATCACT-3' 
[26]. β-actin primers were used as control to 
normalize for mRNA integrity and equal loading. 
RT-PCR was carried out using BluePrint RT-
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PCR Kit (Takara). Following PCR, 20 µl of each 
PCR product was run on 1% agarose gel and 
bands were visualized under UV. 
 
2.7 DNA Fragmentation Assay 
 
Control and ATRA treated (20 µM for 24 hrs) 
cells were suspended in Tris-EDTA (TE) buffer, 
lysed at 4°C using lysis buffer, centrifuged and 
0.2 M sodium acetate and absolute ethanol were 
added for evaluation of DNA laddering. After 
overnight incubation at –20°C, samples were 
centrifuged, pellets resuspended in TE buffer, 
subjected to RNAse and proteinase-K treatment, 
run on 1% agarose gel and visualized on a 
transilluminator [1]. 
 
3. RESULTS  
 
3.1 Effect of ATRA on EGFR Expression 

and Phosphorylation 
 
Western blot showed that treatment of B16F10 
cells with 20 µM ATRA led to a partial decrease 
in EGFR expression after 6-15 hrs (Fig. 1A lanes 
2-3) and an appreciable decrease in EGFR 
expression to virtually background levels after 24 
hrs (Fig. 1A lane 4) compared to control B16F10 
cells (Fig. 1A lane 1). Phosphorylation of EGFR 
was partially decreased upon treatment with 20 
µM ATRA for 6 hrs (Fig. 1B lane 2) and 
appreciably decreased to virtually background 
levels upon treatment with 20 µM ATRA for 15-
24 hrs (Fig. 1B lanes 3-4) in comparison to 
control B16F10 cells (Fig. 1B lane 1). 
 

 
 

Fig. 1. Effect of ATRA on expression and 
phosphorylation of EGFR 

Cell extracts of control B16F10 cells (lane 1) and 
B16F10 cells grown in presence of 20 µM ATRA for 6 
hrs (lane 2), 15 hrs (lane 3) and 24 hrs (lane 4) were 

run on 7.5% SDS-PAGE and proteins were transferred 
onto nitrocellulose membranes by Western blot. 

Membranes were incubated with anti-EGFR antibodies 
(Fig. 1A) or anti-p-EGFR antibodies (Fig. 1B) followed 
by incubation with corresponding alkaline phosphatase 
coupled secondary antibodies. Bands were visualized 

using NBT/BCIP as substrate. 

3.2 Effect of ATRA on Expression of 
p38MAPK and Paxillin  

 
Western blot showed that treatment of B16F10 
cells with 20 µM ATRA for 6-24 hrs reduced 
p38MAPK expression in a time dependant 
manner (Fig. 2A lanes 2-4) with p38MAPK 
expression being appreciably reduced after 15-
24 hrs (lanes 3-4) in comparison to control 
B16F10 cells (Fig. 2A lane 1). However, 
treatment of B16F10 cells with 20 µM ATRA for 
6-24 hrs did not appreciably affect the expression 
of paxillin (Fig. 2B lanes 1-4). 
  

 
 

Fig. 2. Effect of ATRA on expression of 
p38MAPK and paxillin 

Cell extracts of control B16F10 cells (lane 1) and 
B16F10 cells grown in presence of 20 µM ATRA for 6 
hrs (lane 2), 15 hrs (lane 3) and 24 hrs (lane 4) were 

run on 10% SDS-PAGE and proteins were transferred 
onto nitrocellulose membranes by Western blot. 
Membranes were incubated with anti-p38MAPK 

antibodies (Fig. 2A) or anti-paxillin antibodies (Fig. 2B) 
followed by incubation with corresponding alkaline 
phosphatase coupled secondary antibodies. Bands 

were visualized using NBT/BCIP as substrate. 
 
3.3 Effect of ATRA on Expression of 

MMP-2 and TIMP-2 mRNA  
 
On treatment of B16F10 cells with 20 µM ATRA, 
RT-PCR showed a slight decrease in MMP-2 
mRNA expression after 6 hrs (lane 2) compared 
to control B16F10 cells (lane 1) and an 
appreciable decrease in MMP-2 mRNA 
expression after 15-24 hrs (lanes 3-4). On 
treatment of B16F10 cells with ATRA, TIMP-2 
mRNA expression showed a gradual increase 
(lanes 2-4) compared to control B16F10 cells 
(lane 1), with the increase being appreciable 
after 15-24 hrs of treatment (lanes 3-4). β actin 
was used as control to normalize for mRNA 
integrity and equal loading (lanes 1-4). 
 
3.4 Effect of ATRA on MMP-2 Activity 
 
Pro-MMP-2 (72 kDa) and active MMP-2 (68 kDa) 
activity could be detected in culture supernatants 
of control B16F10 cells (lane 1) by gelatin 
zymography. Pro- and active MMP-2 activity 
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were partially reduced on treatment of B16F10 
cells with 20 µM ATRA for 6 hrs (lane 2). 
Treatment of B16F10 cells with 20 µM ATRA for 
15-24 hrs led to a partial reduction of pro-MMP-2 
(72 kDa) and an appreciable reduction of active 
MMP-2 (68 kDa) activity to almost background 
levels (lanes 3-4). 
 

 
 

Fig. 3. Effect of ATRA on expression of  
MMP-2 and TIMP-2 mRNA 

RNA was extracted from control B16F10 cells (lane 1) 
and B16F10 cells grown in the presence of ATRA (20 
µM) for 6 hrs (lane 2), 15 hrs (lane 3) and 24 hrs (lane 

4). RT-PCR was performed with equal amounts of 
total RNA using specific primers (MMP-2, TIMP-2) for 

PCR. 20 µl of each PCR product was run on 1% 
agarose gel and bands were visualized under UV.     
β-actin was used as control to normalize for mRNA 

integrity and equal loading. 
 

 
 

Fig. 4. Effect of ATRA on MMP-2 activity 
Culture supernatants of control B16F10 cells (lane 1) 
and B16F10 cells grown in presence of 20 µM ATRA 
for 6 hrs (lane 2), 15 hrs (lane 3) and 24 hrs (lane 4) 
were subjected to zymography on 10% SDS-PAGE 
co-polymerised with 0.1% gelatin. After incubation in 

appropriate reaction buffers, the zymogram was 
stained with Coomassie Brilliant Blue. Bands were 

clearly visualized by destaining the gel in water. 
 

3.5 Effect of ATRA on DNA Fragmentation  
 
When DNA fragmentation assay was performed 
with control B16F10 cells (lane 1) and B16F10 
cells treated with 20 µM ATRA for 24 hrs (lane 
2), appreciable DNA laddering could not be 
detected even after 24 hrs of ATRA treatment. 
DNA ladder (Fermentas) was used as marker 
(lane M). 
 
4. DISCUSSION 
 
In our present study, treatment of B16F10 cells 
with ATRA (20 µM) led to an appreciable 
decrease in EGFR expression and 
phosphorylation. Binding of EGFR to its ligands 
promotes ligand-induced receptor dimerization 

and tyrosine phosphorylation, following which 
downstream signalling cascades are stimulated, 
leading to initiation of gene transcription and 
regulation of cellular processes including cell 
motility, proliferation, differentiation and survival 
[7-9]. A number of reports indicate that EGFR 
plays a critical role in promoting metastasis and 
tumour progression in melanomas [14,15]. 
Additionally, EGFR may activate other members 
of the ErbB family, including ErbB3, by formation 
of heterodimers following ligand interaction, thus 
promoting tumour growth and metastasis [27]. 
EGFR also increases melanoma cell motility, 
promoting increased invasion and metastasis 
[28]. Thus, downregulation of EGFR expression 
and phosphorylation upon treatment of B16F10 
cells with ATRA could inhibit melanoma 
progression and metastasis and render 
melanomas less invasive. 
 

 
 

Fig. 5. Effect of ATRA on DNA fragmentation 
DNA fragmentation assay was performed with control 
B16F10 cells (lane 1) and B16F10 cells treated with 
20 µM ATRA for 24 hrs (lane 2). Cell lysates were 
incubated overnight at –20°C with 0.2 M sodium 

acetate and absolute ethanol, subjected to RNAse and 
proteinase-K treatment, run on 1% agarose gel and 

visualized on a transilluminator. DNA ladder 
(Fermentas) was used as marker (lane M). 

 
EGFR-MAPK signalling has been implicated in 
the progression of several types of cancers 
including melanomas [29-31]. Treatment of 
B16F10 cells with ATRA (20 µM) led to an 
appreciable reduction in p38MAPK expression. 
As the expression of paxillin was not appreciably 
reduced under similar conditions, this 
downregulation of expression is probably specific 
for p38MAPK. Downregulation of p38MAPK 
expression would hinder EGFR mediated signal 



 
 
 
 

Banerji and Majumder; ARRB, 10(5): 1-8, 2016; Article no.ARRB.27388 
 
 

 
6 
 

transduction. Inhibition of EGFR-dependant 
MAPK signalling has been reported to 
downregulate invasion and migration of 
fibrosarcomas and progression of melanomas 
[29,32]. Thus, downregulation of EGFR and 
p38MAPK expression upon treatment of B16F10 
cells with ATRA would impair EGFR mediated 
signal transduction through p38MAPK and could 
inhibit metastasis and melanoma progression. 
 
Increased expression of MMP-2 corresponds 
with increased metastatic potential and a worse 
prognosis in a number of cancers including 
melanomas [16-20]. Treatment of B16F10 cells 
with 20 µM ATRA led to an appreciable 
downregulation of MMP-2 activity in culture 
supernatants. In particular, active MMP-2 was 
reduced to virtually background levels after 15-24 
hrs of ATRA treatment. MMP-2 secreted by 
cancer cells plays important roles in proteolytic 
degradation of the ECM and disruption of 
basement membrane integrity during tumour 
invasion and metastasis [16-20,33,34]. Several 
reports indicate that highly metastatic cells 
become less aggressive when MMP-2 activity is 
reduced [16-20,33]. Thus, downregulation of 
active MMP-2 might render tumour cells less 
invasive. An appreciable downregulation of 
MMP-2 expression at the mRNA level was 
observed after 15-24 hrs of ATRA treatment (20 
µM). Transcription regulatory elements involved 
in the regulation of MMP expression may be 
modulated through MAPKs [12]. EGFR mediated 
signalling through MAPK has been reported to 
regulate MMP-2 expression [23,35]. Therefore, 
downregulation of EGFR and p38MAPK upon 
ATRA treatment could lead to the inhibition of 
MMP-2 gene transcription which, in turn, would 
downregulate MMP-2 expression and 
consequently lead to a reduction in MMP-2 
activity. An appreciable increase in TIMP-2 
mRNA after 15-24 hrs of ATRA treatment (20 
µM) was also observed, indicating that treatment 
of B16F10 cells with ATRA could upregulate 
TIMP-2 gene transcription and consequently 
TIMP-2 expression. Although catalytic amounts 
of TIMP-2 are required for MMP-2 activation, 
TIMPs act as endogenous inhibitors of MMP 
activity [18,19,36]. TIMP-2 has been reported to 
inhibit in vitro invasiveness in highly invasive 
melanoma cells and to regulate MMP-2 
activation in melanoma cell lines with low 
invasive cell lines expressing higher levels of 
TIMP-2 compared to higher invasive lines [33]. 
Thus an appreciable increase in TIMP-2 
expression would inhibit MMP-2 activation and 
lower active MMP-2 levels, causing the observed 

downregulation of MMP-2 activity. The 
downregulation of MMP-2 activity could render 
melanoma cells less invasive. 
 
Certain previous studies have indicated that the 
anti-tumorigenic potential of ATRA is due to the 
induction of apoptosis [1,37]. However, assays 
did not show appreciable fragmentation of DNA 
after treatment of B16F10 cells with ATRA (20 
µM) for 24 hrs indicating that such treatment 
perhaps does not induce apoptotic changes in 
B16F10 melanoma cells. Thus, the observed 
anti-tumorigenic potential of ATRA and 
downregulation of MMP-2 activity in B16F10 cells 
are probably due to reasons other than solely 
induction of apoptosis. 
 
5. CONCLUSION 
 
Thus, treatment of highly metastatic B16F10 
murine melanoma cells with ATRA (20 µM) 
appears to appreciably downregulate EGFR 
expression and phosphorylation and EGFR 
mediated signalling through p38MAPK. 
Treatment with ATRA also inhibits MMP-2 
transcription and MMP-2 activity while 
upregulating transcription of TIMP-2. 
Downregulation of EGFR expression and 
phosphorylation and EGFR mediated signal 
transduction through p38 MAPK could cause 
downregulation of MMP-2 transcription and lead 
to loss in MMP-2 activity. An increase in TIMP-2 
would also inhibit activation of MMP-2. The 
downregulation of MMP-2 activity would render 
cell less metastatic. Our findings indicate that 
treatment with ATRA can inhibit EGFR mediated 
regulation of MMP-2 activity in B16F10 murine 
melanoma cells and this could be one of the 
molecular mechanisms by which ATRA exerts its 
anti-tumorigenic effects on solid tumours. Such 
inhibition could have therapeutic potential in 
clinical management of tumours.  
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