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Abstract 
Increased MMP-1 expression in various tumor cells is significantly correlated with cancer progres- 
sion. Enhanced secreted and intracellular level of MMP-1 is found in breast cancer cell line MDA- 
MB-231 in presence of ECM glycoprotein fibronectin. To extrapolate this study into in vivo system, 
we observed the expression of MMP-1, fibronectin and α5β1 integrin, which is the receptor for fi-
bronectin, in breast cancer tissue samples. Expression of active form of MMP-1 was increased in 
tumor samples compared with the non-tumor counterpart. In some samples pro-MMP-1 was de-
creased but active form was increased in tumor part. The difference was more prominent in ad-
vanced stage tumor. ELISA showed appreciable increase in expression of α5 and β1 integrins in 
tumor tissue in comparison to the non tumor counterpart in case of advanced stage tumor. Though 
there is no appreciable difference in fibronectin concentration, enhanced α5, β1 integrin expres-
sion may mediate enhanced cell-ECM interaction to upregulate MMP-1 in tumor samples com-
pared with the matched control. 
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1. Introduction 
Breast cancer is the most commonly occurring cancer in women, comprising almost one third of all malignan-

 

 

*Corresponding author. 

http://www.scirp.org/journal/jct
http://dx.doi.org/10.4236/jct.2015.64040
http://dx.doi.org/10.4236/jct.2015.64040
http://www.scirp.org
mailto:urenuschatterjee@gmail.com
http://creativecommons.org/licenses/by/4.0/


S. Pal et al. 
 

 
376 

cies in females [1]. Although the incidence of breast cancer has increased globally over the last several decades 
[2], the greatest increase has been in Asian countries [3]. Patients are also about one decade younger in develop-
ing countries than their counterparts in the developed nations. In India, breast cancer is the commonest cancer 
among women in urban registries of Delhi, Mumbai, Ahmedabad, Kolkata, and Trivandrum where it consti-
tutes >30% of all cancers in females [3]. The proportions of young patients (<35 years old) vary from about 10% 
in developed to up to 25% in developing Asian countries, which contribute to poorer prognosis [4]. There is a 
significant difference in the survival rates in developed and developing countries mainly because of a lack of 
screening and early detection programmes, insufficient information regarding possible cancer markers in that 
ethnicity and inadequate resources for treatment [3]. Studies on tissue samples found several MMPs to be asso-
ciated with breast cancer development and tumor progression [5]. In our laboratory, we have studied MMP-2 [6] 
and MMP-9 [7] in relation to breast cancer. In the present communication we have dealt with MMP-1.  

MMP-1, being the most ubiquitously expressed interstitial collagenase, plays the prominent role in degrada-
tion of collagen, which is the body’s most abundant protein [8], and assists metastasis. Like other MMPs, it con-
sists of a pro domain, catalytic domain, a linker region and a hemopexin-like domain. Residues from both the 
catalytic domain and the hemopexin-like domain make interactions with the pro domain residues. The cleavage 
of the pro domain from the holoenzyme (~52 kDa) to form active enzyme (~43 kDa) requires the hemopex-
in-like domain to undergoe a major displacement towards the catalytic domain, thus widening the cleft between 
the proteinase domain and the hemopexin-like domain on the active site face of the enzyme. This altered confi-
guration makes the active site residues more accessible for native collagen [9]. Increased MMP-1 expression in 
various tumor cells is significantly correlated with the depth of tumor invasion, angiogenesis, lymphangiogene-
sis, poor prognosis and the presence of metastases [10]-[12]. Here we initially found enhanced secreted and 
intracellular level of MMP-1 in breast cancer cell line MDA-MB-231 in presence of extracellular matrix protein 
fibronectin (FN). To extrapolate our study into in vivo system, we observed the expression of MMP-1, FN and 
α5β1 integrin receptor in breast cancer tissue samples. 

2. Patient 
Our present study involves 28 female breast cancer patients. They were referred to Chittaranjan National Cancer 
Institute, India, because of clinical breast lump, suspicious mammographic finding or a breast symptom (e.g. 
pain, nipple discharge) between 2008 and 2010. Women willing to participate in the project were interviewed 
and examined by a trained study nurse before any diagnostic procedure. The participation rate of patients with 
diagnosed breast cancer was 98%. Thus the patient series should represent unselected typical breast cancer cases. 
After surgical treatment, the patients were offered adjuvant chemotherapy and/or hormonal therapy or radiothe-
rapy, depending on the mode of the surgery, the patients’ menopausal status, and the stage of the disease, ac-
cording to the national guidelines. Stage was assessed by using the UICC classification. Patients with noninva-
sive carcinomas, a previous history of breast cancer, metastatic disease (stage-IV), or insufficient tumor material 
was excluded from the present study. Thus 28 patients with sufficient primary tumors and complete clinical his-
tories were available for the present study. The mean age of the patients was 59.2 years old (median 56.8 years 
old; range, 23.3 - 91.6 years old). The mean follow up time was 55.0 months old (median 57.5 months old; 
range, 1.2 - 115.1 months old). 

3. Materials 
MDA-MB-231 cell line was purchased from National Centre for Cell Sciences (NCCS), Pune. Leibovitz’s L-15 
medium, Trypsin, Gentamycin, Fetal Bovine Serum (FBS) were purchased from GIBCOTM-Invitrogen. Fibro-
nectin (440 kDa), Protease Inhibitor Cocktail Tablets (complete, mini, EDTA-free) were purchased from Roche, 
Germany. Anti-α5, anti-MMP-1, anti-β-tubulin primary and all secondary antibodies were purchased from Santa 
Cruz Biotechnology, Inc. Anti-β1 and anti-FN primary antibodies were purchased from Roche, Germany. Che-
miluminescent substrate SuperSignal West Femto was purchased from Pierce, Thermo Fisher Scientific Inc. 
Avidin-biotinylated peroxidase complex reagent (vectastain ABC kit) was purchased from vector laboratories, 
Burlingame, CA. DAB substrate and stable peroxidase substrate buffer were purchased from Pierce Biotechnol-
ogy, USA. Immobilon-P Membrane (PVDF) was purchased from Millipore, USA. TMB/H2O2 was purchased 
from Bangalore Genei. 
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4. Methods 
4.1. Collection of Tissue Samples 
Tissue specimens from tumor and respective adjacent non-tumor breast tissues of the same patient were col-
lected from the operation theater during surgery. Tissues were stored at −80˚C and used for the further experi-
ments. 

4.2. Protein Extraction from Tissue 
Tissues of tumor samples (T) and respective adjacent non-tumor breast tissues (N) were collected, extracted with 
NP-40 lysis buffer (50 mM Tris, 150 mM NaCl, 1% NP40, pH 8, Protease inhibitor cocktail tablets, 1 mM so-
dium Orthovanadate and 1 mM Sodium fluoride) and the protein content of the extracts were estimated by Lo-
wry’s method. 

4.3. Cell Line Maintenance and Treatment 
MDA-MB-231 (human breast cancer cell line) was obtained from National Centre for Cell Sciences (NCCS), 
Pune. This cell line was grown and maintained in Leibovitz’s L-15 medium, containing 10% FBS in a 5% CO2 
incubator at 37˚C. For the required treatment, 35 mm petridishes were coated with FN (20 µg/ml) in L15 SFCM 
(Serum Free Culture Media) 2 hrs prior to addition of cells. 300,000 cells/ml were added and incubated for 
overnight at 37˚C, 5% CO2. 

4.4. Western Blot 
Equal amount of protein (100 μg each for N and T set) from tissue extracts were subjected to western blot analy-
sis using anti-MMP-1 primary antibody (1 µg/2ml dilution) and respective HRP-coupled secondary antibody (1 
µg/200ml dilution). Blots were developed by ECL method using SuperSignal West Femto according to manu-
facturer’s protocol. Blots were reprobed with anti β-tubulin antibody as internal loading control (Ganguly et al. 
2012). Comparative densitometric analysis for statistical calculations was done by Image J software (version 
1.42 q). 

4.5. Statistical Analysis 
Statistical Analysis was performed with help of Epi Info (TM) 3.5.3. EPI INFO is a trademark of the Centers for 
Disease Control and Prevention (CDC).  

Descriptive statistical analysis was performed to calculate the means with corresponding standard deviations 
(s.d.). One Way Analysis of variance (ANOVA) followed by Tukey’s Test was performed with the help of Criti-
cal Difference (CD) or Least Significant Difference (LSD) at 5% and 1% level of significance to compare the 
mean values. p ≤ 0.05 was taken to be statistically significant. 

4.6. Enzyme-Linked Immunosorbent Assay (ELISA) 
Equal amount of protein (5 μg for α5 and 25 μg for β1 of each set of N and T) was taken and coated in a 96 well 
flat bottom, sterile culture plate and subjected to ELISA against the blank of same volume of extraction buffer. 
In case of cell line experiment, culture supernatants of FN treated or untreated cells were used as sample and 
fresh SFCM was used as blank. After washing and blocking with blocking buffer (1% BSA in PBS or phosphate 
buffer saline), wells were incubated (1 hr at 37˚C in humid chamber) with primary antibodies against α5, β1 inte-
grins and FN (anti-MMP-1 for the cell line culture supernatant experiment) in 1:1000 dilution (in dilution buffer 
of 0.1% BSA in PBS). After washing thrice with washing buffer (0.5% NP-40, 0.5% BSA in PBS), the wells 
were incubated with (1 hr at 37˚C in humid chamber) respective HRP coupled secondary antibody solution (in 
1:2000 dilution in dilution buffer). Then wells were washed 6 times with washing buffer and substrate (TMB/ 
H2O2) was added. As colour appears, reaction was stopped by 1 (M) H2SO4 and absorbance was measured at 450 
nm in ELISA reader. 

4.7. Histology 
Both normal and tumor samples were fixed in 10% neutral buffered formalin, processed routinely and embedded 
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in paraffin. The histologic diagnosis was confirmed by reviewing one to four original sections of the primary 
tumor. All tumors were simultaneously re-evaluated for histologic type and grade by one senior pathologist, who 
was unaware of the clinical data. The most representative blocks were selected for cutting into new 5 μm-thick 
sections for immunohistochemical analyses. 

4.8. Immunohistochemistry 
The immunostaining of MMP-1 was done using sequenza Immunostaining center (Shandon Scientific Limited, 
Astmoor, UK). In brief, the sections were de-parafinized in xylene, re-hydrated with graded EtOH, and distilled 
water. For better antigen retrieval, the samples were boiled three times for 15 minutes in boiling water in citrate 
buffer (10 mM, pH 6). Endogenous peroxidases were blocked by 0.3% hydrogen peroxide treatment for 30 mi-
nutes. The samples were washed with PBS (pH 7.2) and incubated in 2% BSA for 1 hr to prevent nonspecific 
antigen binding followed by incubation with the primary antibody for MMP-1 at a working dilution of 1:500 (in 
1% BSA) for overnight at 4°C. The samples were washed with PBS and secondary antibody (1:500 in 1% BSA 
for one and half hr at room temperature) was applied. The slides were then incubated with the biotinylated sec-
ondary antibody followed by a wash and 30 minutes incubation in an avidin-biotinylated peroxidase complex 
reagent (ABC kit). Expressions were visualized with diaminobenzidin tetrahydrochloride (DAB) treatment. The 
slides were counterstained with Mayer’s hematoxylin, dehydrated and mounted with DePex. A routinely 
processed breast cancer section without the primary antibody served as negative control at each staining series. 

5. Results 
5.1. Enhanced Expression of MMP-1 in Fibronectin Treated Breast Cancer Cells 
MDA-MB-231 cells grown on FN coated (20 µg/ml) surface for overnight showed appreciable increase in 
MMP-1 expression in the culture supernatant and cell extract (Figure 1). 

5.2. Expression of Activated MMP-1 in Tumor Tissue 
Western blot analysis showed that the expression of active form of MMP-1 was increased in tumor samples 
compared to the non-tumor control. In many samples pro-MMP-1 (~52 kDa) was also increased, in some sam-
ples pro-MMP-1 was decreased but active form (~43 kDa) was increased in tumor tissue. Maximum samples of 
initial stage of the disease showed almost similar expression of MMP-1 in normal and tumor part. However, the 
same from advanced stage of cancer showed remarkably higher expression in tumor tissue (Table 1). Figure 2(a) 
shows the representative blots of MMP-1 expression. ANOVA showed that there were significant differences in 
MMP-1 expression level (F3,52 = 5.24; p < 0.01). As per the CD the mean of expression level of active MMP-1 
in advance stage was significantly higher than that of initial stage (p < 0.01). But the mean of expression level of 
pro MMP-1 in advance stage was not significantly higher than that of initial stage (p = 0.08) (Figure 2(b)). 
 

    
(a)                                          (b) 

Figure 1. Effect of fibronectin (FN) on MMP-1 in MDA-MB-231 cells: MDA-MB-231 cells 
were grown in SFCM in absence (0) and in presence of 20 µg/ml coated FN for overnight 
(O.N.). The culture supernatants were subjected to ELISA (a) and cell extracts were subjected 
to western blot (b) for MMP-1.                                                        
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Table 1. Protein expression level (Mean ± s.d.).                            

Stage Mean ± s.d. 

Active MMP-1 expression level in Initial Stage (n = 13) 0.11 ± 0.02 

Active MMP-1 expression level in Advance Stage (n = 15) 0.34 ± 0.04 

Pro MMP-1 expression level in Initial Stage (n = 13) 0.12 ± 0.06 

Pro MMP-1 expression level in Advance Stage (n = 15) 0.29 ± 0.07 

 

  
(a)                                                      (b) 

Figure 2. (a) Representative blot of MMP-1 in breast cancer specimen: Tissue homogenates from matched pairs of tumor 
(T) and non-tumor (N) specimens from the same patient were subjected to western blot analysis with anti-MMP-1 antibody 
and respective HRP-coupled secondary antibody for ECL method. Specimen of stage IIA and IIB patients are termed as ini-
tial stage and that of stage IIIA, IIIB, IIIC are termed as advanced stage. (b) Graphical representation of statistical analysis: 
Descriptive statistical analysis was performed to calculate the means with corresponding standard deviations (s.d.) of the 
data in Table 1.                                                                                          

5.3. Upregulation of MMP-1 in Tumor Regions 
In tissue sections MMP-1 was found to be increased specifically in transformed cell clusters compared to the 
surrounding normal tissue regions, as visualized by immunohistochemistry and the view of a representative slide 
is given here (Figure 3). 

5.4. Enhanced Expression of α5β1 Integrins in Tumor Tissue 
ELISA showed appreciable increase in expression of α5 (Figure 4(a)), and β1 (Figure 4(b)) integrins in tumor 
tissue in comparison to the non tumor counterpart in case of advanced stage tumor. This increase is not much 
prominent in initial stage tumor. Expression of fibronectin (FN), the ECM ligand of α5β1 integrin receptor, does 
not seem to vary depending on the tumor stage between tumor and non tumor regions (Figure 4(c)). 

6. Discussion 
Interstitial collagens are essential structural components of all connective tissues and play an important role in 
cellular processes such as cell migration, proliferation and differentiation. MMP-1 is one of the key collagenases 
that are capable of cleaving interstitial fibrillar collagen. Although physiological collagenolysis is required for 
several biological processes such as embryogenesis, tissue remodeling, angiogenesis, wound healing, etc., un-
controlled degradation of collagen may result in pathological conditions like cancer, arthritis, fibrosis [9]. 
MMP-1 has been claimed as a candidate marker that may be useful for identification of breast lesions that can 
develop into cancer [13]. In our study on tissue homogenates of breast cancer patients, MMP-1 expression was 
found to be enhanced appreciably in tumor region than the adjacent non-tumor breast tissues. Active form of 
MMP-1 was more prominent in tumor tissue especially in advanced staged tumor. Our immunohistochemistry 
data further strengthen the fact of increased expression of MMP-1 in tumor section than the surrounding adja-
cent non-tumor regions. 

Interaction of tumor cells with extracellular matrix (ECM) proteins, e.g. fibronectin, laminin, etc., increases 
tumorigenicity by enhancing expression and/or activation of MMPs, cell migration, invasion, metastasis, etc.  
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Figure 3. Immunohistochemistry with anti-MMP-1 antibody in breast cancer tissue sections: Tissue sections from breast 
tissue of the tumor and non-tumor region of the same patient was subjected to immunohistochemical analysis for 
MMP-1. Expression of MMP-1 is detected by brown stain of DAB. Secondary Ab control (without anti-MMP-1 primary 
Ab) was done to exclude the possibility of non-specific attachment of secondary antibody.                            

 

 
(a) 

 
(b) 

 
(c) 

Figure 4. Representative ELISA of α5 integrins, β1 integrins and FN in breast 
cancer specimen: Tissue homogenates from matched pairs of tumor and non- 
tumor specimens from the same patient were subjected to ELISA with anti-α5 
integrin (a), anti-β1 integrin (b) anti-fibronectin (c) antibodies.                   

 
[14]-[19]. Among the several cell surface integrin receptors, α5β1 is a major FN receptor on most cells and play 
important roles in mediating downstream signaling to regulate various effecter functions [20]. This integrin me-
diated signaling was found to play a very crucial role in MMP-1 production stimulated by fibronectin-specific 
sequence [21]. In our study of breast cancer samples, tissue homogenates from tumor regions showed elevated 
level of MMP-1, α5 and β1 integrins in comparison to the adjacent non tumor regions. These effects were more 
prominent in advanced stage tumor than the initial stage tumor samples. However, FN level was independent of 
tumor stage between tumor and non-tumor regions. Upregulation of α5β1 integrin may be responsible for en-



S. Pal et al. 
 

 
381 

hanced MMP-1 activation by transducing signal initiated by ligand-receptor interaction.  
Therefore it may be concluded that in breast cancer sample, expression and activation of MMP-1 is apprecia-

bly enhanced in comparison to the matched control. In our model experiment with breast cancer cell line MDA- 
MB-231, similar effect was observed. Enhanced α5, β1 integrin expression may mediate enhanced cell-ECM in-
teraction to upregulate MMP-1 in tumor samples compared with the matched control. The difference is more 
appreciable in advanced stage tumor than initial stage. The study of integrin mediated regulation of MMP-1 may 
be exploited in clinical and therapeutic management of cancer. 
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