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Abstract 

Melanoma is a very aggressive form of skin cancer, it has the potential to spread from a small sized primary 

tumor and metastasizes to different locations like lungs, bones, lymph nodes, liver and even brain. 

Extracellular signal regulated kinase (ERK) molecule present in MAPK pathway plays a major role in 

different carcinogenic processes like cell migration, cell invasiveness by altering the extracellular matrix 

(ECM). Cell invasiveness is facilitated by matrix metalloproteins (MMPs) by means of degradation of 

gelatinase enzyme regulated by a family of receptor proteins called integrins. ECM ligand fibronectin 

causes increased secretion of MMPs, specially MMP2 and MMP9 facilitating invasiveness and metastasis 

in cancer cells. This study aims to find the modulatory role of ERK1/2 with respect to tumor 

aggressiveness on both MMP2 and MMP9 in context of melanoma metastasis and invasion. ERK pathway 

was downregulated through administration of inhibitors. ERK1/2 siRNA gene silencing the effect on 

MMP2 and MMP9 was studied. The studies were done in B16F10 melanoma cell line and mice model. 

Significant changes were found in levels of MMP2 and MMP9 after downregulating the ERK pathway 

and therefore a correlation between ERK and MMP activities was established. Elucidating these molecular 

phenomena in melanoma, this result can help in developing and improving targeted cancer therapies with 

multiple options in drug discovery. 
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INTRODUCTION 

Melanoma is a deadly cancer primarily affecting the skin. It accounts for around 4% of all skin 

malignancies accounting for almost 80% skin cancer-related mortality. Melanoma can spread to any 

organ, including the lung, liver, lymph nodes, and gastrointestinal tract (Braeuer et al., 2014; Kumar et 

al., 2020). The tumor microenvironment is rapidly becoming recognized as a major regulator of cancer 

growth. The extracellular matrix (ECM), a fundamental component of the cancer microenvironment, is in 
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direct contact with tumor cells and serves as a crucial source of growth, survival, motility, along with 

angiogenic factors that influence tumor biology and progression. Extracellular signal regulated kinase 

(ERK) is a key molecule located in the Mitogen activated protein kinase (MAPK) pathway responsible 

for several cell processes in cancer including cell invasiveness which primarily involves breakdown of 

ECM. Furthermore, cell adhesion to the ECM activates intracellular signaling pathways that can influence 

cell cycle progression, migration, and differentiation via integrins and other cell surface receptors. Thus, 

interactions between tumor cells and the ECM are key modulators of tumor cell metastatic potential 

(Barkan et al., 2008; Kim et al., 2011; Winkler et al., 2020). Alterations that result in abnormal ERK 

activation are frequent in human malignancies and can be observed at practically every level of the MAPK 

pathway (Song et al., 2022). BRaf mutations, notably around codon 600, are present in a wide range of 

malignancies, including roughly half of all cutaneous melanomas (Chung and Hyun, 2020). In our 

previous studies, authors investigated the possible role of ERK1/2 in modulating matrix metalloproteinase 

(MMPs) MMP2 and MMP9 in breast cancer cell lines, suggesting that there might be a direct correlation 

between ERK1/2 activity and MMP2 and MMP9 since MMPs facilities cell invasiveness by degrading 

gelatinase which is again differentially regulated by Integrins, a family of receptors. With current 

advancement in research, silencing / knockout of certain genes along with substances extracted naturally 

or chemically synthesized in a laboratory have been shown to cause an influence in tumor aggressiveness. 

Silencing of MYH9 (Non-muscle myosin IIA heavy chain),WISP1 knockout, also plays important role in 

cases of tumor progression (Kumar et al., 2020; Deng et al., 2019). Our previous results from the breast 

cancer cell lines were very interesting with respect to ERK’s position in the MAPK signaling (Moulik et 

al., 2014). Hence it was necessary to actually see whether this role was similar in other cancers like 

melanoma since ERK also plays an important role in melanoma. 90% melanoma is constitutively active 

due to mutations in NRas and BRaf. An important factor in metastatic spread of melanoma is its interaction 

with the various components of ECM (Eble and Niland, 2019; Elgundi et al., 2020). Only transformed 

melanocytes can survive in dermis and this survival seems to be dependent upon expression of molecules 

that regulate adhesion and interaction between cells and ECM. Most of these interactions are mediated by 

a heterodimeric family of proteins, the integrins. Recent references shows that the sustained activation of 

the Ras/Raf/MEK/ERK pathway is involved in the expression of β 3 integrins (Haass et al., 2005; Shain 

and Bastian, 2016). A common cause of resistance in melanoma to apoptosis was activation of ERK 

signaling cascade and in particular ERK1 and ERK2. Introduction of activated MAPK kinase into 

melanocytes resulted in tumorigenesis in nude mice (Czarnecka et al., 2020; Sugiura et al., 2021). Hence 

the melanoma mouse cell line B16F10 was chosen which when introduced to black mice can induce tumor. 

The aim of this study is to analyze the role of ERK 1 and 2 with respect to tumor aggressiveness in B16F10 

cells and also to assess the dose dependent interdependency between MMP9 and ERK 1/2. The study was 

also extended in mice model in determining the possible role of phosphorylated ERK (pERK) in MMP9/ 

MMP2 activity after administration of MEK/ ERK inhibitors. 

 

MATERIALS AND METHODS 

Materials: 

Cells and Mice 

Murine Melanoma cancer cell line B16F10 was obtained from NCCS, Pune. C57BL/6J mice (6 to 8 weeks 

old) were obtained from institutional animal house. Throughout the experiments, mice were maintained 

with free access to pellet food and water in plastic cages at 21± 2 ºC and kept on a 12 h light-dark cycle. 
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Animal welfare and experimental procedures were performed strictly in accordance with the care and use 

of laboratory animals and the related ethical regulations of our institute. All efforts were made to minimize 

the animal’s suffering and to reduce the number of animals used. 

 

Cell culture materials 

a. Minimal Essential Medium (GIBCO); b. Dulbecco’s Modified Eagle’s Medium (GIBCO); 

c. McCoys’ 5A medium (GIBCO); d. Fetal bovine serum (Lifetech, Biowhittaker) 

 

SDS-PAGE 

a. Acrylamide (Promega); b. Bis Acrylamide (Sigma); c. Tris (Promega); d. Sodium Dodecyl Sulphate 

(Biogene); e. Ammonium Persulphate (Lifetech); f. Glycine; g. Stain (Coomassie Brilliant Blue); h. 

Bromophenol Blue; i. Methanol; j. Acetic Acid; k. TEMED 

 

Gelatin Zymography 

All the materials of SDS- PAGE and a. Gelatin (Sigma); b. Triton-X (Promega); c. NaCl; d. CaCl2; e. 

Gelatin Sepharose 4B beads (Amersham) 

 

Western Blot 

All the materials of SDS-PAGE and 

Primary Antibody: - anti-phospho-ERK, anti-ERK, anti MMP2, anti MMP9, anti JNK, anti phospho- 

JNK, anti PI-3K, anti-STAT-3 anti-integrins antibody or as required (Sigma,Promega, Santa Cruz). 

Secondary Antibody: - 2nd Antibody : both monoclonal and polyclonal (Promega/Santa Cruz). 

Substrate- NBT/BCIP or Femto substrate for ECL (Pierce) NaCl, Tris, Tween -20, Tris, Glycine, 

Methanol, BSA and Nitrocellulose membrane 

 

Invasion Assay 

Millicell inserts (Millipore), Matrigel (BD Biosciences) 

 

Methods: 

Cell culture 

Cells were grown and maintained in required medium (MEM, DMEM and RPMI) containing 10% FBS 

in a CO2 incubator at 37°C. 

 

Cell Extraction 

Cells were initially grown in required medium supplemented with 10% FBS. The cells were collected from 

culture flasks by trypsinization and homogenized in cell extraction buffer (Tris-37.5mM, NaCl- 75mM, 

Triton-X-0.5% and pH adjusted to 7.5) at 15 mins of intervals for 1-1.5 h at 4°C. The cells were then 

centrifuged at 15000 r.p.m for 10 mins at 4°C. The supernatant was collected and the pellet was discarded 

and the protein of the extract was estimated by Lowry’s Method. (It could also be stored at - 86°C till use). 
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Tissue Extraction 

Tissues were cut into small pieces using forceps and scissors and then centrifuged with small amount of 

PBS and the supernatant was discarded (to remove blood clots). The tissue was homogenized in Tissue 

extraction buffer (tris 50mM, NaCl 75mM, SDS 0.01% in 100 ml water) at 15 mins interval for 1- 

1.5 h at 4°C. The homogenate was centrifuged at 15000 r.p.m for 15 mins at 4°C, supernatant (extract) was 

collected and pellet was discarded. Extract was stored at -86°C till use. 

 

Zymography 

Cells were initially grown in the required medium supplemented with 10% FBS in petri dishes, treated for the 

stipulated time period in SFCM for 24 hours, and the respective serum-free culture medium (SFCMs) was 

collected. The culture supernatant was collected by centrifugation at 3000 r.p.m for 5 minutes. The MMPs 

were separated from SFCM using Gelatin Sepharose 4B beads (75 µl) overnight at 4°C. The beads were 

washed three times with Tris-buffered saline with Tween-20 (TBST) and suspended in 50 µl of 1X sample 

buffer (0.075 gm Tris, 0.2 gm SDS in 10 ml water, pH 6.8). The suspension was incubated for 30 minutes at 

37°C and then centrifuged at 3000 r.p.m. for 3 minutes. The supernatant was then subjected to zymography on 

7.5% SDS-PAGE co-polymerized with 0.1% gelatin. The gel was washed in 2.5% Triton-X-100 for 30 

minutes to remove SDS and was then incubated overnight in reaction buffer (50 mM Tris-HCl pH 7, 4.5 mM 

CaCl2, 0.2 M NaCl). After incubation, the gel was stained with 0.5% Coomassie Blue in 30% methanol and 

10% glacial acetic acid. The bands were visualized by destaining the gel with water. 

 

Immunoprecipitation 

Cells were initially grown in the required medium supplemented with 10% FBS in petri dishes. The respective 

cells were collected. Cell extraction was carried out using the standard extraction protocol, and the protein 

content of the extracts was estimated by Lowry’s method. Equal amounts of protein were taken and 

immunoprecipitated from the supernatant using the required primary antibodies and protein-G agarose beads, 

followed by shaking overnight at 4ºC. The resultant immune complex was washed three times in PBS and then 

subjected to western blotting. 

 

Western Blot Assay 

Cells were initially grown in the required medium supplemented with 10% FBS in petri dishes. The respective 

cells were collected. Cell extraction was carried out using the standard extraction protocol, and the protein 

content of the extracts was estimated by Lowry’s method. Equal amounts of protein were taken and, after 

boiling with 0.1 volumes of ß-mercaptoethanol for 5–8 minutes at 80–90ºC, were subjected to electrophoresis 

on 10% SDS-PAGE. The proteins were transferred onto PVDF membranes by Western Blot at 300 mA for 3 

hours. The membranes were blocked with 1% BSA and subsequently washed three times with TBST. The 

immunoblots were reacted with the required primary antibody. The blots were developed using respective 

alkaline phosphatase-coupled secondary antibodies, and the color was developed using ECL as the substrate. 

 

Cell Invasion assay 

The cell invasion was done according to the protocol of Moulik et al., 2014. 24 well transwell plate 
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(Corning) with 12 inserts were taken and the lower chamber of each well was poured with 600 ml MEM 

SFCM. Control and fibronectin treated cells (100,000 cells/insert) were seeded in triplicate on membrane 

in the upper chamber of the insert. Cells were grown for 24 h and 48 h. After the incubation, media was 

aspirated out from membrane. SFCMs from lower chambers were collected and centrifuged at 3000 rpm 

for 3 min. The membranes of the inserts were washed thrice with PBS. Cells were then fixed with 4% 

formaldehyde solution, followed by washing with PBS. Cells were then stained with Gill’s hematoxylin 

for 10 min. Membranes were thoroughly washed with running water. The upper side ofthe membranes 

was scraped with buds; membranes were then cut and mounted with glycerol. The cells migrated through 

the membrane pore were observed under microscope (Moulik et al., 2014). 

 

Wound Healing Assay 

Cells were grown as a monolayer on culture plates in absence (C) and in presence of 50µg/ml the aflavin 

at 37°C for 24 h (E). The monolayer was scratched with a sterile pipette tip, followed by washing with 

SFCM to remove cellular debris. The migration of cells across the wound was observed and photographed 

at 0 h, 6 h and 24 h, 48 h (Moulik et al., 2014). 

 

siRNA transfection 

Single transfection procedure was followed according to the protocol from (Moulik et al., 2014). 

Cells were plates 24 h prior to transfection. The cells were incubated at 37°C for 24 h under 5% CO2. 

After incubation, the plate was with PBS (once), and layer with 1.75 ml OptiMEM. The following mixture 

was prepared and incubated at room temperature for 5 mins. 

Tube 1: siRNA: 100 nM (Stock concentration: is 100 µM, siRNA:2ul) 

OptiMEM: 198 µl 

Tube 2: Oligofectamine: 4 µl 

OptiMEM: 46 µl 

The content of both the tubes were mixed and incubated for further 30 mins. siRNA-lipid mix on the cells 

(dropwise with constant swirling) was layered. The plate was incubated at 37 °C for 4 h. Fresh media was 

added after 4 h incubation and incubate further 24 h. Cells were analyzed according to the experiment. 

 

Double transfection (combinatorial transfection) procedure 

For experiment with two round of siRNA transfection, second round of transfection was done in the similar 

manner as described above after 24 h of first round of Transfection. Scramble control for siRNA was 

similarly prepared according to Moulik et al., 2014. 

 

Constitution of siRNA 

Prepare 1X nuclease free siRNA buffer from 5X provided by Dharmacon (use nuclease free water, also 

provided by Santa Cruz). For 100-nMole siRNA, used 1ml 1X nuclease free siRNA buffer. Aliquots the 

siRNA and stored at –20°C. 

 

Statistical Analysis 

Descriptive statistical analysis was performed to prepare different frequency tables and to calculate the 

means with corresponding standard errors. Chi-square test was applied as the measures of associations. 

Test of proportion was used to find the Standard Normal deviate (Z-values) and corresponding p-values 
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for the test of differences between different proportions. Paired t-test was used to find the differences in 

means. 

 

RESULTS AND DISCUSSION 

 

 

 

 

 

 

 

 

 

 

 

 

A B 

Figure 1. Effect of fibronectin on the gelatinolytic activity and expression of MMP-9 in B16F10 cells 

 

A. Comparative zymographic analysis of MMP-9: B16F10 cells (300,000 cells/ml) were grown in 

serum free culture medium in absence (control) and in presence of increasing concentration of Fibronectin 

(Fn) (5ug/10ug/20ug per ml) for 16 h. Lane M in all zymograms is MMP9 (92 kDa) / MMP-2 (72 KDa) 

marker lane (SFCM of HT-1080 cells grown for 24 h). 

 

B. Effect of fibronectin on expression of MMP9 by Immunoblot: B16F10 cells (300,000 cells/ml) 

were grown in serum free culture medium in absence (control) and in presence of increasing concentration 

of Fibronectin (5ug/10ug/20ug per ml) for 16 h. The Fn treated and untreated cells were collected. Cell 

extraction was carried out using the standard extraction protocol and the protein content of the extracts 

were estimated by Lowry’s method. Equal amount of protein in Lamillie’s buffer was taken and subjected 

to electrophoresis on 8% SDS-PAGE. The proteins were transferred on to PVDF membrane by Western 

Blot at 50mA for overnight. The membranes were blocked with 4 % BSA and subsequently washed x3 

with PBST (phosphate buffer saline and tween 20). The immunoblot were probed for anti-MMP9 

antibody. The blots were developed using respective horse redox peroxidase (HRP) coupled second 

antibodies. The colour was developed using West Femto as substrate. β-tubulin was used as loading 

control. The accompanying graph represents the comparative densitometric/quantitative analysis of the 

band intensities using image J Launcher (version 1.4.3.67) and arranged in the similar order as of the 

lanes. Data are means ± SEM of three experiments. 
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Figure 2: Effect of fibronectin on expression of pERK/ERK by Immunoblot 

 

B16F10 cells (300,000 cells/ml) were grown in serum free culture medium in absence (control) and in 

presence of increasing concentration of Fibronectin (10ug/20ug per ml) for 16 h. The Fn treated and 

untreated cells were collected. Cell extraction was carried out using the standard extraction protocol and 

the protein content of the extracts were estimated by Lowry’s method. Equal amount of protein in 

Lamillie’s buffer was taken and subjected to electrophoresis on 10% SDS-PAGE. The proteins were 

transferred on to PVDF membrane by Western Blot at 50mA for overnight. The membranes were blocked 

with 4 % BSA and subsequently washed with PBST (phosphate buffer saline and tween 20). The 

immunoblot were probed for anti-pERK 1/2 (A) and anti ERK1/2 (B) antibody. The blots were developed 

using respective horse redox peroxidase (HRP) coupled second antibodies. The colour was developed 

using West Femto as substrate. β-tubulin was used as internal control. The accompanying graph represents 

the comparative densitometric/quantitative analysis of the band intensities using image J Launcher 

(version 1.4.3.67) and arranged in the similar order as of the lanes ERK1 and ERK2 are represented as 

separate bars. Data are means ± SEM of three experiments. 
 

 

 

A 

Figure 3: Effect of ERK Inhibitor 98059 

A. Comparative zymographic analysis of MMP-9: Fn (20ug/ml for 16 h) treated and untreated cells 

were treated with MEK/ERK inhibitor PD98059 (50uM pretreatment for 1 h), and the respective serum 

free medium was subjected to Gelatin Zymography by standard protocol. The accompanying graph 

represents the comparative densitometric/quantitative analysis of the band intensities using image J 

Launcher (version 1.4.3.67) and arranged in the similar order as of the lanes. Data are means ± SEM of 

three experiments. 

B C 
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B. Effect of MEK/ERK Inhibitor PD98059 on pERK/ERK by Immunoblot: Fn (20ug/ml for 16 h) 

treated and untreated B16F10 cells (300,000 cells/ml) were treated with MEK/ERK inhibitor PD98059 

(50uM pre-treatment for 1 h), and the respective serum free medium was subjected to Western Blot by 

standard protocol. The immunoblot were probed for anti-pERK 1/2 and anti ERK1/2 antibody. The blots 

were developed using respective horse redox peroxidase (HRP) coupled second antibodies. The colour 

was developed using West Femto as substrate. β-tubulin was used as internal control. The accompanying 

graph represents the comparative densitometric/quantitative analysis of the band intensities using image J 

Launcher (version 1.4.3.67) and arranged in the similar order as of the lanes. Data are means ± SEM of 

three experiments. 

C. Effect of MEK/ERK Inhibitor PD98059 on pPI-3K/PI-3K by Immunoblot: Fibronectin (20ug/ml for 16 

hrs) treated and untreated B16F10 cells (300,000 cells/ml) were treated with MEK/ERK inhibitor PD98059 (50 

uM pre-treatment for 1 h), and the respective serum free medium was subjected to Western Blot by standard 

protocol. The immunoblot were probed for anti-pPI3K and anti PI3K antibody. The blots were developed using 

respective horse redox peroxidase (HRP) coupled second antibodies. The colour was developed using West 

Femto as substrate. β-tubulin was used as internal control. The accompanying graph represents the 

comparative densitometric/quantitative analysis of the band intensities using image J Launcher (version 

1.4.3.67) and arranged in the similar order as of the lanes. Data are means ± SEM of three experiments. 

 

 

 

 

 

 

 

 

 

 

 

 

 

A 
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Figure 4: Effect of MEK/ERK Inhibitor U0126 

A. Comparative zymographic analysis of MMP9: Fn (20ug/ml for 16 h) treated and untreated cells 

were treated with MEK/ERK inhibitor U0126 (25uM pretreatment for 1 h), and the respective serum free 

medium was subjected to Gelatin Zymography by standard protocol. The accompanying graph represents 

the comparative densitometric/quantitative analysis of the band intensities using image J Launcher 

(version 1.4.3.67) and arranged in the similar order as of the lanes. Data are means ± SEM of three 

experiments. 

B. Effect of MEK/ERK Inhibitor U0126 on pERK/ERK by Immunoblot: Fn (20ug/ml for 16 h) 

treated and untreated B16F10 cells (300,000 cells/ml) were treated with MEK/ERK inhibitor U0126 (25 
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uM pre-treatment for 1 h), and the respective serum free medium was subjected to Western Blot by 

standard protocol. The immunoblot were probed for anti-pERK 1/2 and anti ERK1/2 antibody. The blots 

were developed using respective HRP coupled second antibodies. The colour was developed using West 

Femto as substrate. β-tubulin was used as internal control. The accompanying graph represents the 

comparative densitometric/quantitative analysis of the band intensities using image J Launcher (version 

1.4.3.67) and arranged in the similar order as of the lanes. Data are means ± SEM of three experiments. 

C. Effect of MEK/ERK Inhibitor U0126 on pPI-3K/PI-3K by Immunoblot: Fn (20ug/ml for 16 hrs) 

treated and untreated B16F10 cells (300,000 cells/ml) were treated with MEK/ERK inhibitor U0126 

(25uM pre-treatment for 1 h), and the respective serum free medium was subjected to Western Blot by 

standard protocol. The immunoblot were probed for anti-pPI3K and anti PI3K antibody. The blots were 

developed using respective HRP coupled second antibodies. The colour was developed using West Femto 

as substrate. β-tubulin was used as internal control. The accompanying graph represents the comparative 

densitometric/quantitative analysis of the band intensities using image J Launcher (version 1.4.3.67) and 

arranged in the similar order as of the lanes. Data are means ± SEM of three experiments. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A B C 

Figure 5: Effect of double transfection of smart pooled siRNA ERK1 and ERK2 

A. Comparative zymographic analysis of MMP-9: Cells were seeded in 35 mm dishes and grown to 

60% confluence. For the transfection process, ERK1 siRNA, ERK 2 siRNA and negative control siRNA 

were transfected using LipofectamineTM 2000 following standard protocol of sequential double 

transfection. Cells were then treated with Fibronectin (20ug/ml for 16 h) and the respective serum free 

medium was subjected to Gelatin Zymography by standard protocol. The accompanying graph represents 

the comparative densitometric/quantitative analysis of the band intensities using image J Launcher 

(version 1.4.3.67) and arranged in the similar order as of the lanes. Data are means ± SEM of three 

experiments. 

B. Effect of ERK1 and ERK2 siRNA on pERK/ERK by Immunoblot: Cells were seeded in 35 mm 

dishes and grown to 60% confluence. For the transfection process, ERK1 siRNA, ERK 2 siRNA and 

negative control siRNA were transfected using LipofectamineTM 2000 following standard protocol of 

sequential double transfection. Cells were then treated with Fibronectin (20ug/ml for 16 h) and the 

respective serum free medium was subjected to Western Blot by standard protocol. The immunoblot were 
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Figure 6: Effect of inhibition of ERK1/2 on cell migration in B16F10 cells 

B 

probed for anti-pERK 1/2 and anti ERK1/2 antibody. The blots were developed using respective horse 

redox peroxidase (HRP) coupled second antibodies. The colour was developed using West Femto as 

substrate. β-tubulin was used as loading control. The accompanying graph represents the comparative 

densitometric/quantitative analysis of the band intensities using image J Launcher (version 1.4.3.67) and 

arranged in the similar order as of the lanes. Data are means ± SEM of three experiments. 

C. Effect of ERK1 and ERK2 siRNA on PI-3K/pPI-3K by Immunoblot: Cells were seeded in 35 mm 

dishes and grown to 60% confluence. For the transfection process, ERK1 siRNA, ERK 2 siRNA and 

negative control siRNA were transfected using LipofectamineTM 2000 following standard protocol of 

sequential double transfection. Cells were then treated with Fibronectin (20ug/ml for 16 h) and the 

respective serum free medium was subjected to Western Blot by standard protocol. The immunoblot were 

probed for anti-PI-3K and anti PI-3K antibody. The blots were developed using respective HRP coupled 

second antibodies. The colour was developed using West Femto as substrate. β-tubulin was used as 

loading control. The accompanying graph represents the comparative densitometric/quantitative analysis 

of the band intensities using image J Launcher (version 1.4.3.67) and arranged in the similar order as of 

the lanes. Data are means ± SEM of three experiments. 
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A. B16F10 cells (300,000 cells/ml) were grown in serum free culture medium in absence (control) and in 

presence of Fn (20ug/ml) for 16 h. The monolayer was scratched with a sterile pipette tip, followed by 

washing thrice with SFCM to remove cellular debris. The cells were maintained in fresh SFCM and cell 

migration was observed by microscopy and documented by photography at 0 hr and 24 h. 

B. ERK/MEK Inhibitor PD98059, U0126, ERK1 /2 siRNA or Control SiRNA treated cells were cultured 

in a monolayer in absence and presence of fibronectin (20 mg/ml) for 16 h. The monolayer was scratched 

with a sterile pipette tip, followed by washing thrice with SFCM to remove cellular debris. The cells were 

maintained in fresh SFCM and cell migration was observed by microscopy and documented by digital 

photography at 0 h and 24 h. 
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A B 

Figure 7: Effect of Inhibition of ERK1 /2 on Cell invasion 

ERK/MEK Inhibitor PD98059, U0126, ERK1 /2 siRNA or Control SiRNA treated cells were cultured in 

transwell chambers in triplicate in absence and presence of fibronectin (20 mg/ml) for 16 h. The chamber 

was inserted in DMEM containing 5% FBS as chemo-attractant and grown for 24 h (A) and 48 h (B). The 

chambers were then removed, washed. The cells migrated on the membrane were observed under 

microscope. Number of B16F10 cells migrated through transwell insert were counted per microscopic 

power field. 

 

Figure 8: Co-relation between ERK, ERK, MMP 9 and MMP 2 in mice tumor in control and contralateral 

tissue. 
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Table 1. Statistical parameters of ERK, pERK, MMP 9 and MMP 2 in mice tumor in control and 

contralateral tissue 

B16F10 cell suspensions (5 × 105 cells in 0.1 ml PBS) were injected subcutaneously into the right flank 

of each mouse at the concentration of 1 ×106 cells per Black syngeneic C57BL/6J mouse. Following 

implantation in 12 mice, tumors were monitored daily for palpable tumor masses, and tumor length and 

width were observed. The tumor endpoint of 4.0 to 5.0 /per cm3 was adopted for tumor size. Mice were 

sacrificed via CO2 asphyxiation in accordance with IACUC guidelines. Tumors were excised and protein 

was harvested from both tumor tisuues and contralateral (normal) tibia following standard protocol. Equal 

amount of protein was charged for Western Blot and probed for ERK, pERK. Similarly, gelatin 

zympgraphy was performed from equal amount of tumor samples. The accompanying graph represents 

the comparative densitometric/quantitative analysis of the band intensities of Control and Contralateral 

(Normal) tissue using image J Launcher (version 1.4.3.67). 
 

A B 

Figure 9: Effect of ERK/MEK inhibitor U0126 on mice xenograft. 
 

Table 2: Distribution of tumor size in control and drug treated sets 
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B16F10 cell suspensions (5 × 105 cells in 0.1 ml PBS) were injected subcutaneously into the right flank 

of each mouse at the concentration of 1 ×106 cells per Black syngeneic C57BL/6J mouse. Following 

implantation in mice, tumors were monitored daily for palpable tumor masses, and tumor length and width 

were observed. Tumor size was measured by calliper according to the following formula: volume= 

(width)2×length/2. The tumor endpoint of 4.0 to 5.0 /per cm3 was adopted for tumor size. After tumor size 

reached 0.3cm3 the mice were divided in 2 groups, 42 each. U0126 treatment (25 umol/kg) through I.P 

injections was started in one group whereas the control group received 200 ul carrier solutions. Treatments 

were administered weekly for 5 weeks. Mice were sacrificed via CO2 asphyxiation in accordance with 

IACUC guidelines. 

A. Comparative growth curves of Tumor sizes (mean +/- SD) between Control and Drug-treated mice 

groups throughout 5 weeks. 

B. Comparison of average tumor size (mean+/-SD) between Control and Drug-treated mice groups in 

excised tumors. 

 

  

 

Control Drug-Treated 

Figure 10: Representative images of mice tumors in Control and drug treated groups 

B16F10 cell suspensions (5 × 10^5 cells in 0.1 ml PBS) were injected subcutaneously into the right flank 

of each mouse at the concentration of 1 ×106 cells per Black syngeneic C57BL/6J mouse. Following 

implantation in mice, tumors were monitored daily for palpable tumor masses, and tumor length and width 

were observed. Tumor size was measured by caliper according to the following formula: volume= 

(width)2×length/2. The tumor endpoint of 4.0 to 5.0 /per cm3 was adopted for tumor size. After tumor size 

reached 0.3cm3 the mice were divided in 2 groups, 42 each. U0126 treatment (25umol/kg) through I.P 

injections was started in one group whereas the control group received 200 ul carrier solutions. Treatments 

were administered weekly for 5 weeks. Mice were sacrificed via CO2 asphyxiation in accordance with 

IACUC guidelines. Mice were dissected and tumors captured through digital photography. 
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A 

Figure 11 A: Effect of MEK/ERK Inhibitor on activity of pERK in Mouse xenografts 

Proteins from Mouse xenografts, Control and Drug-treated were harvested and equal amount of protein 

was loaded for Western Blot. The Blots was probed for pERK. Lanes in between are spliced off. β- tubulin 

(not shown) was used as loading control. The accompanying graph represents the comparative 

densitometric/quantitative analysis of the band intensities using image J Launcher (version 1.4.3.67) and 

are arranged in accordance with the lanes. 
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Figure 11 B: Effect of MEK/ERK Inhibitor on activity of ERK in Mouse xenografts 

Proteins from Mouse xenografts, Control and Drug-treated were harvested and equal amount of protein 

was loaded for Western Blot. The Blots was probed for ERK. Lanes in between are spliced off. β-tubulin 

(not shown) was used as loading control. The accompanying graph represents the comparative 

densitometric/quantitative analysis of the band intensities using image J Launcher (version 1.4.3.67) and 

are arranged in accordance with the lanes. 
 

 

 

 

 

Figure 12 A: Effect of MEK/ERK Inhibitor on activity of MMP9/MMP2 in Mouse xenografts 

Proteins from Mouse xenografts, Control and Drug-treated were harvested and equal amount of protein 

was loaded for Gelatin Zymography for detection of MMP9 and/or MMP2 activity. Lanes in between are 

spliced off. The accompanying graph represents the comparative densitometric/quantitative analysis of 

the band intensities using image J Launcher (version 1.4.3.67) and are arranged in accordance with the 

lanes. 
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Figure 12 B: Effect of MEK/ERK Inhibitor on activity of MMP9/MMP2 in Mouse serum Fresh 

blood was collected from sacrificed mice of both the groups and serum was isolated following standard 

protocol. Control and Drug-treated were harvested and equal amount of protein was loaded for Gelatin 

Zymography for detection of MMP9 and/or MMP2 activity. Lanes in between are spliced off. The 

accompanying graph represents the comparative densitometric/quantitative analysis of the band intensities 

using image J Launcher (version 1.4.3.67) and are arranged in accordance with the lanes. 
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Figure 13: Co-relation between ERK and pERK with pRKIP/RKIP/TIMP1/TIMP2 in Mouse 

xenografts 

Proteins from Mouse xenografts, Control and Drug-treated were harvested and equal amount of protein 

was loaded for Western Blot. The Blots was probed for pRKIP, RKIP, TIMP1 and TIMP2. Lanes in 

between are spliced off. β-tubulin (not shown) was used as loading control. 

Table 3: values of parameters with control group with respect to treated group 
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Figure 14: Representative images showing expression of MMP 2, MMP9, ERK and pERK by 

immunohistochemistry of excised tumor cross-sections. 

Control and Drug (U0126) treated samples were fixed in 10% neutral buffered formalin processed 

routinely and embedded in paraffin. The sections were de-parafinized in xylene, re-hydrated in Et-OH, 

and washed twice with distilled water. For better antigen retrieval, the samples were boiled three times for 

5 minutes in a microwave in citrate buffer (10mM, pH-6). Endogenous per-oxidases were blocked by 5% 

hydrogen peroxidase treatment for 5 mins. The samples were washed with PBS (pH-7.2) and incubated in 

2% normal bovine serum for 35 mins to prevent nonspecific antigen binding followed by incubation with 

the primary antibody for ERK, pERK, MMP-9 (C-20) and MMP2, at a working dilution of 1:500 for 

overnight at 4ºC. Before applying the secondary antibody, the samples were washed twice with PBS. The 

slides were then incubated with the biotinylated secondary antibody followed by a wash and a 50 minutes 

incubation in avidin-biotinylated peroxidase complex reagent. Expressions were visualized with a 5 mins 

diaminobenzidin tetrahydrochloride treatment. The slides were counterstained with Mayer’s hematoxylin, 

dehydrated and mounted with DPX. A routinely processed tumor section without the primary antibody 

served as negative control at each staining series. Data are means ± SEM of three experiments. 
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Figure 15: Evaluation of Lung metastasis in Control and Drug treated mice 

Lungs were isolated from mice after dissection. Figure shows representative examples of lungs and 

quantitative evaluation of macroscopically detectable lung metastases. Accompanying graph represents 

the average number of Metastatic lung nodule present in Control and Drug treated mice. Data are means 

± SEM of 42 mice. 
 

Table 4: Distribution of lung metastasis with respect to tumor size 
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Figure 16: Effect of modulation of ERK on upstream and downstream molecules 

A 
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ERK/MEK Inhibitor PD98059, U0126, ERK1 /2 siRNA or Control SiRNA treated cells were cultured in 

a monolayer in absence and presence of fibronectin (20 mg/ml) for 16 h. The cells were then harvested 

and the equal amout of protein was subjected to immunoblot. The blot was probed for (A) pRKIP and 

RKIP, (B) pMEK1/2 and MEK1/2, (C) pcFOS and cFOS. Beta tubulin was used as internal control. The 

accompanying graph represents the comparative densitometric/quantitative analysis of the band intensities 

using image J Launcher (version 1.4.3.67) and are arranged in accordance with the lanes. 

 

 

 

 

 

   

A B C 

Figure 17: Effect of modulation of ERK on integrin and cell adhesion molecules 

 

ERK/MEK Inhibitor PD98059, U0126, ERK1 /2 siRNA or Control SiRNA treated cells were cultured in 

a monolayer in absence and presence of Fn (20 mg/ml) for 16 h. The cells were then harvested and the 

equal amount of protein was subjected to immunoblot. The blot was probed for (A) α 5 and β 1, (B) pFAK 

and FAK, (C) paxillin and TIMP1. β tubulin was used as internal control. The accompanying graph 

represents the comparative densitometric/quantitative analysis of the band intensities using image J 

Launcher (version 1.4.3.67) and are arranged in accordance with the lanes. 

MMPs are the family of endopeptidases that are both structurally and functionally related, dependent on 

zinc for its activity and degrades extracellular matrix components like fibronectin, membrane collagens 

and proteoglycans. MMPs play a major role in tumor cell invasiveness and metastasis (Malemud, 2006) 

.MMP 9 can be used as a target in developing anti-cancer therapies as its role is pivotal in tumor cell 

invasiveness and metastasis. Tumor cells on interaction with Fn is able to facilitate the expression of 

MMP-9 and hence promoting cell migration and cell invasive property triggering a downstream cascade 

of cell signaling regulated by integrin receptors. Expression of MMP-9 is much more in the malignant 

cells than in the non-invasive and benign tumor cells. Figure 1A zymogram shows a Fn dose dependent 

activation of both the pro-active and active bands of MMP-9. Similar results were found by (Das et al., 

2008) who concluded quick activation and expression of MMP-2 and MMP-9 when human breast 

carcinoma cells were exposed to Fn. Also, (Sen et al., 2010) reported similar result in human laryngeal 

cancer cells where there was Fn induced increase in MMP-9 expression on binding with α 5 β1 integrin 

receptors through FAK, PI-3K/ERK and ILK signaling pathways. The Image J analysis shows a 4-fold 
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increase of the cells treated with 20 ug Fn. The expression of the same cells didn’t change when observed 

through western blot as shown in Figure 1B. 

Fn is an interesting matrix component in cancer and in mouse models decreased circulation of Fn leads to 

decreased size of tumors. Absence of Fn leads to decreased cancer progression. This decrease in 

carcinogenic cell proliferation might lead to decrease in the phosphorylation of ERK. Hence modulating 

matrix can be an adjuvant to traditional cancer therapies as long as we obtain depletion in Fn (Hackl et al., 

2021). But there are evidences where Fn helps in cell proliferation by stimulating the phosphorylation of 

ERK. This ultimately is translocated to the nucleus causing reduction in apoptotic signals and helping in 

progression of the cell cycle (Ebner et al., 2007). FN binds with α 5 β1 integrin leading to ERK activation 

(Cao et al., 2015; Kohno and Pouyssegur, 2009; Shin et al., 2020). In our study we obtained similar results 

as there was a dose dependent increase in the activity of pERK 1/2 with increasing concentration of Fn as 

shown in Figure 2 A. In figure 2B, the expression of ERK 1/2 remained similar all through as seen. The 

expression of the same cells didn’t change when observed in western blot. All the immunoblots were 

subjected to internal controls and no change was observed. 

Figure 3A shows the effect of ERK/MEK inhibitor PD98059 on the activity of MMP9 by Zymography. 

The zymogram shows a small decrease in the intensity of MMP 9 band in the inhibitor treated cells with 

respect to Fn treated cells. There was marked decrease in the intensity of the pERK1/2 (Figure 3 B), though 

the total ERK1/2 remains unchanged. The expression and activity of PI-3K (Figure 3 C) was also checked 

by western blot and negligible variation was observed. Our previous work reported the inhibitory effect 

of MEK/ERK inhibitor PD98059 on ERK 1/ 2 MMP9 and MMP2 (Moulik et al., 2014) in human breast 

cancer cell lines MCF-7 and MDA-MB-231. No inhibitory effect of PD98059 was found in the protein 

content of both MMP9 and MMP2 in both MCF-7 and MDA-MB-231. It was also found out that the 

dephospho ERK 1/ 2 remained unaltered by the inhibitor treatment (Moulik et al., 2014) . 

Inhibition of MEK/ERK affects the angiogenic signaling pathway and growth in tumor cells. There lies a 

strong correlation between inhibition of MEK/ERK and tumor growth arrest (Mayes et al., 2013; Merchant 

et al., 2017). Cancer immunotherapies based on signal transduction can make good use of MEK inhibitors 

(Marampon et al., 2009). In our study there was an appreciable decrease in the MMP9 activity when Fn 

treated B16F10 cells were treated with U0126 (Figure 4A). The activity of pERK1/2 also corresponded 

likewise as shown in Figure 4B, though the levels of total ERK1/2 and pPI-3k level remained unaltered. 

A small change in the pP1-3K levels was observed (Figure 4 C). 

Invasiveness of tumor cells is inhibited when different MMPs are downregulated by blockage of ERK 

pathway double transfection of ERK1-siRNA and ERK2-siRNA strengthens the fact that ERK inhibits 

MMP2 and MMP9 activities (Invasiveness and Cell, 2014; Tanimura et al., 2003) .Figure 5 A showed a 

marked inhibitory effect of ERK1/2 and siRNA on the activity of MMP9 almost beyond detection limit in 

Fn treated B16F10 cells. Activity of ERK was also largely diminished by siRNA which corresponded in 

both dephospho and phospho protein levels. PI-3K levels were checked as an indicator of siRNA effect on 

parallel signaling pathways (Bessard et al., 2008; He et al., 2014) and no effect was detectable by 

immunoblots. The results of our study are in accordance with our previous report on human cancer cell 

lines MCF-7 and MDA-MB-231 (Moulik et al., 2014) .The study reported 80% decrease in the levels of 

phosphorylation of ERK1/2 and also the same in the dephospho levels in the MCF-7 cell line. siRNA 

treatment further led to sharp declination in MMP2 and MMP9 levels. It suggested a correlation among 

ERK, MMP2 and MMP9 in both the human cancer cell lines. 

ERK is an important regulator of cell motility. Hence signaling pathway of ERK is regarded as a promising 
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therapy for cancer (Caunt et al., 2015; Sengupta et al., 2022; Tanimura and Takeda, 2017). Invasion occurs 

when cells migrate along the extracellular matrix, vessels and neurons in canonical mesenchymal fashion. 

Malignant cells migrate as sheets maintaining adhesion among the cells where leader cells present at the 

edge of the sheet directs efficient movement of the cells by cell protrusion (Paul et al., 2016; Reffay et al., 

2014; Samson et al., 2022). Cell proliferation, cancer-stromal interaction and metastasis is significantly 

decreased due to the action of ERK inhibitors and process of autophagy. Metastatic nodules are largely 

reduced by ERK inhibitor treatment (Yan et al., 2019). In our study, the rate of cell migration of B16F10 

cells was checked by Cell migration assay (Figure 6). There was an appreciable decrease in the growth 

rate of U0126 treated B16F10 cells with respect to PD9059 treated cells. The rate of cell migration reduced 

markedly when cells were treated with ERK1/2 siRNA. The pattern of marked and gradual decrease in 

the rate of cell migration with the treatment of PD98059, U0126 and siRNA 1/2 were found to be similar 

also in cell invasion assay where cells were subjected to aforesaid treatments and cultured over a period 

of 48hrs in trans well chambers. 

The pattern of marked and gradual decrease in the rate of cell migration with the treatment of PD98059, 

U0126 and siRNA 1/2 were found to be similar also in cell invasion assay where cells were subjected to 

aforesaid treatments and cultured over a period of 48hrs in trans well chambers. Figure 7 (A and B) shows 

the number of B16F10 cells migrated through trans well insert which were counted per microscopic power 

field. Similar findings were stated by (Yan et al., 2019) in splenic pancreatic cancer organoid xenograft 

mouse in mouse model. 

Table 1 shows Paired–sample Wilcoxon signed– rank test. The test was used to compare the values of 

ERK/ pERK with MMP2/MMP9 between control and contralateral sets of tumor samples from B16F10 

injected mice. All the statistical tests were performed with the help of SPSS (version – 20). p<0.05 was 

taken to be statistically significant. All the values of Control were compared with Contra lateral and were 

designated as HIGH or LOW as per Image J analysis (Figure 8). In control ERK, 11 values out of 12 

values were higher with respect to Contra lateral and only 1 value was similar. Now Paired–sample 

Wilcoxon signed– rank test showed that the values of Control ERK were significantly higher (p=0.011). 

Also, in pERK all the 12 values of control were higher than the contra lateral. Test also showed that the 

values of control pERK were significantly higher (p=0.011) in all the 12 cases. The values of MMP9 were 

high in all 12 samples compared to contra lateral which was significant (p=0.002). The values of control 

MMP2 were high in 11 samples out of 12 with respect to contra lateral (p=0.002). The significant increase 

in activity of pERK/ERK along with MMP9 and MMP2 may carry an interrelation between them. 

Figure 9 (A and B) shows the effect of ERK/MEK inhibitor U0126 on mice xenografts where the gradual 

increase of the tumor volume in the Control mice is appreciable higher than Drug treated mice. The 

comparison of average tumor volume also confirms the increase. Table 2 represents the distribution of 

tumor size. Test of proportion showed that proportion of tumor size < 1 cm3 was significantly lower in 

control group compared to drug treated group (p=0.00001). No significant difference was found for tumor 

size =3 cm3 in the two groups (p=0.62). Also, the proportion of tumor size > 5 cm3 was significantly 

lower in drug treated group (p=0.000001). Thus, the drug had significantly reduced the tumor size. 

(Marampon et al., 2009) also reported 48% reduced tumor growth, reduced phospho-active ERK and c- 

Myc expression in rhabdomyosarcoma cells treated with U0126. Our previous report showed a sharp 

decrease in MMP9 level in U0126 treated human cancer cell lines MCF-7 and MDA-MB-231, even more 

than what was caused by PD98059 (Moulik et al., 2014). This suggests enormous inhibitory potency of 

this non-competitive inhibitor in therapies. 
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The representative figures of the tumors (control and treated) are shown in Figure 10 which shows a larger 

tumor growth in most of the Control mice. Figure 11(A and B) displays the representative images of 

expression and activity of ERK 1/2 in Control and Drug treated set of mice. The Image J graphs 

accompanying the western blots clearly shows the sharp decrease in both expression and activity of 

ERK1/2 in Drug treated mice. Figure 12 A shows the representative zymograms of MMP9 and MMP2 in 

Mouse xenografts (Control and Drug treated) where there is a 3-4-fold decrease in the levels of both MMP 

9 and MMP2 in most of the samples. Figure 12 B displays the zymograms of MMP 9 and MMP2 of blood 

serum from Control and drug treated mice. The results correspond the sharp decrease of the levels of active 

MMP 9 and MMP 2 in drug treated mice with respect to the control set. Pro-active form of MMP9 was 

clearly visible in most of the control set whereas it was diminished to the basal level in Drug treated mice. 

Representative images of RKIP, TIMP1 and TIMP2 in both Control and Drug treated mice xenografts are 

shown in Figure 13. In all the 42 samples RKIP was found to be low in Drug treated xenografts. In 33 

samples TIMP1 and TIMP2 was found to be lower than Control sets. 

Table 3 represents the parameters of the control group with respect to the treated group for statistical 

analysis. Test of proportion showed that the proportion of high values of ERK of the control group was 

significantly higher than the drug treated (p=0.001). That was also higher for pERK (p=0.0001), MMP9 

(p=0.01), MMP2 (p=0.01), MMP 9 and MMP2 (p=0.01). The values of TIMP1 (p=0.01), TIMP2 (p=0.01) 

and RKIP (p=.000001) were found significantly lower. 

Spearman’s Rank Correlation by SPSS (version 20) showed that the values of ERK were significantly 

correlated with the values of MMP9 (p=0.00001). Also the values of ERK were significantly correlated 

with the values of MMP2 (p=0.00001). Statistical correlation of ERK was also shown with serum MMP9 

(p=.0001) and MMP 2((p=.0001). A highly significant negative correlation between ERK and TIMP 1 

and TIMP2 were observed from the analysis (p=0.001). Similarly, there was a highly significant negative 

correlation between values of ERK and RKIP (p=0.00001). 

The test revealed that the values of pERK were significantly correlated with the values of MMP9 

(p=0.00001) as well as MMP2 (p=0.00001). Statistical correlation of pERK was also shown with serum 

MMP9 (p=.0001) and MMP 2((p=.0001). A highly significant negative correlation between pERK and 

TIMP 1 (p=0.0001) and TIMP2 (p=0.001) were observed from the analysis. Similarly, there was a highly 

significant negative correlation between values of pERK and RKIP (p=0.001). 

Figure 14 are representative images showing expression of MMP 2, MMP9, ERK and pERK by 

immunohistochemistry of excised tumor cross-sections. There was a clear visibility of pERK in the Drug 

treated xenografts with respect to Control. ERK, MMP9 and MMP2 also corresponded similar expression 

levels in Drug treated xenografts. A routinely processed tumor section without the primary antibody 

served as negative control at each staining series. 

Figure 15 displays representative examples of lungs and quantitative evaluation of macroscopically 

detectable lung metastases where the drug treated group showed a lower number of lung metastasis with 

respect to the control group. 

Table 4 represents the distribution of lung metastasis according to tumor sizes. Test of proportion showed 

that proportion of lung metastasis for tumor size > 5 cm3 was significantly lower in drug treated group 

compared to control group (p=0.001). The proportion of lung metastasis for tumor size > 5 cm3 was 

significantly lower in drug treated group compared to control group (p=0.001). 

Since most of the lung metastasis in the control group were for the tumor size > 5 cm3, there was no lung 
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metastasis in control group for tumor size < 1 cm3. Thus, though there was no significant difference in 

proportion of lung metastasis for tumor size < 1 cm3 in both the groups (p=0.06), the drug had significantly 

reduced the number of lung metastasis. 

The proportion lung metastasis (36/38) for control group was significantly higher than the drug treated 

group (2/38) for the tumor size > 5 cm3 (p=0.0001). The effect of ERK Inhibitors and ERK siRNA on 

downstream and upstream molecules of ERK 1/2 is illustrated in Figure 16. Fn induced B16F10 cells 

showed an increase in the activity and expression of RKIP levels with respect to the controls which went 

up when treated with Inhibitors. Treatment of siRNA considerably elevated the levels of expression and 

activity of RKIP. Fn induced B16F10 cells showed a decrease in the activity of MEK1/2 levels with 

respect to the controls which went down when treated with Inhibitors. Treatment of siRNA did not alter 

the levels of expression or activity of MEK 1/2. The levels of p-cFOS and cFOS decreased appreciably 

when treated with ERK1/2 siRNA with respect to other sets. 

Figure 17 demonstrates the levels of integrin molecules when ERK 1/2 is modulated. The intensity of 

alpha 5 integrin dropped considerably with the treatment of Inhibitor PD95059 and ERK siRNA in Fn 

treated B16F10 cells with respect to non- treated FN induced cells. U0126 treatment didn’t show any 

change. Beta 1 integrin levels showed a similar decrease in the Inhibitor PD95059 and ERK siRNA treated 

cells. There was a considerable reduction in the pFAK levels in ERK1/2 siRNA treated cells, though the 

total protein levels of FAK remained unaltered. The levels of Paxillin also corresponded a similar pattern 

with a decrease in siRNA treated cells. The levels of TIMP1 got upregulated in Fn induced cells with 

respect to control which went up when PD9059 and U0126 were administered. The administration of 

ERK1/2 siRNA also elevated the levels of TIMP1 more than Control cells. 

The activity and expression of expression of ERK1/2 being the main focus of this article offers a deep 

insight of the cell signaling scenario with respect to Integrin biology. The role of ERK1/2 in cell 

invasiveness has been elucidated in many recent evidences. The activity of MMP9 when treated with 20ug 

Fibronectin was considerably higher than the control cells and hence was taken as the standard of 

activation in our model. The dose dependent activity of MMP9 also showed a dose dependent increase in 

the expression of pERK1/2 which first indicated a possible role of pERK in the activation of MMP9. Also 

this increase was not consistent with the total protein levels of ERK and hence there was a hint that the 

change was due to the activity of the ERK protein. To see the possible role of pERK in MMP9 in MMP9 

activity, MEK/ERK Inhibitor PD98509 was administered and the results showed a visible decrease in the 

activity of MMP9 correlated with the decrease of pERK when seen by zymogram. The depletion of ERK 

levels was only visible in the phosphor-protein form. There was hardly any visible change in the activity 

and expression PI-3K that was checked to see whether the inhibitor has an effect on other cell signaling 

molecules. This actually might show that there can be a role of ERK on the activity of MMP9. When 

another specific inhibitor U0126 was used, the activity of pERK1/2 got reduced appreciably supporting 

the role of ERK in regulating MMP9, which also got reduced likewise. To investigate more into the role 

of ERK, siRNA of ERK1/2 was administered and activity of MMP9 went almost beyond detection limit. 

This might show a possible correlation between Fn dependent MM9 activation and ERK. To check the 

migration of B16F10 cells with respect to ERK inhibition cells were treated respectively with PD9059, 

U0126 and ERK1/2 siRNA. The result indicated that the cell migration got markedly reduced after 

targeted inhibition by siRNA showing that ERK may have a role on cell adhesion molecules. This is in 

accordance with many recent evidences (Hunter et al., 2022).Evidences from the cell invasion assay also 

indicated that specific ERK modulation can actually change cell invasion rate suggesting an ERK 
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dependent ECM theory (Samson et al., 2022). 

To analyze more about the role of ERK, mice model was introduced. When Statistical tests were 

performed between control and contralateral sets of tumor samples, the control values of pERK, ERK, 

MMP9, MMP2 were all significant compared to contralateral suggesting that the increase in activity of 

pERK or ERK simultaneous with MMP2 and MMP9 can have an inter-relation between them. To 

investigate deep into this matter more mouse model experiments were designed where U0126 inhibitor 

was treated. The gradual increase of tumor volume in control mice indicated that ERK modulation by the 

inhibitor lowered the tumor growth rate. Statistical analysis with test of proportion also corresponded that 

the drug has reduced the tumor size. The western blots representing the declining expression and activity 

of ERK1/2 along with MMP 9and MMP 2 in drug treated mice also proves the role of ERK in modulating 

MMPs, which are regarded as markers in cancer progression. Spearman’s rank correlation showed that 

ERK was significantly co-related with MMP2 and MMP9 both in serum and tissue samples. The results 

of RKIP TIMP1 and TIMP2 also suggested that there was a significant negative correlation between those 

molecules and ERK. All these results correspond to many recent evidences (Guo et al., 2006; Zhang et al., 

2022). The images of IHC also showed the presence of ERK in control mouse xenografts. There was no 

change in the levels of ERK protein in liver and brain showing that normal ERK activity was not hampered 

due to the drug treatment. Cancer metastasis is an important phenomenon, which corresponds to the tumor 

virulence and is a vital indicator of the lethality of the disease. When test of proportion was introduced to 

see the distribution of lung metastasis according to tumor sizes, the proportion of lung metastasis for tumor 

size greater than 5cm3 was lower in drug treated group compared to control group. This along with the 

quantitative evaluation of detectable lung metastasis showed that the drug significantly reduced lung 

metastasis, which might prove the possible role of ERK in cancer metastasis. These results gave us a 

possible effect of ERK modulation in an animal system and gave us an indication that melanoma might 

be restricted with ERK inhibition. In order to further investigate the possible upstream and downstream 

signaling of ERK1/2 and its relation with extra cellular matrix, B16F10 cells were again chosen. The 

levels of expression and activity of RKIP suggested that specific inhibition of ERK elevates the expression 

and activity of RKIP, which again suggests a possible feedback mechanism. This is in parallel to many 

recent evidences, which shows RKIP as a negative regulator of ERK(Cessna et al., 2022; Tang et al., 

2010) .Specific inhibition of ERK by siRNA does not alter the expression and activity of MEK1/2 showing 

that targeted ERK modulation may result in better treatment of melanoma. The decreased levels of cFOS 

indicated that transcription regulation downstream of ERK might be through cFOS. 

The intensity of α 5 integrin, β 1 integrin decreased markedly with ERK inhibition suggesting that ERK 

may have a role in directly modulating ECM. The marked reduction in the activity of FAK and Paxillin 

also supported this theory (Murillo et al., 2004; Teranishi et al., 2009). Fn induced cells also showed 

elevated levels of TIMP1 when ERK was inhibited suggesting the further role of ERK in MMP9 

modulation. 

Overall, the role of ERK in melanoma with respect to components of ECM was highlighted in this study. 

Evidences which suggested that ERK is involved in regulating proteolytic enzymes like MMP9 that 

degrade the basement membrane also stand true in this study. The study provides a deep insight in the 

mechanism of ERK regulation which can be further used in diagnostic and therapeutic interventions after 

clinical validation. 
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