
147 
IMJM Volume 18 No. 2, August 2019 

structure to collagenases but with different substrate 

specificity, matrilysins that degrades collagen type IV 

and membrane type MMPs (MT-MMPs) which are 

capable of degrading fibrillar collagen type I.1-4  

 

In normal physiological conditions, the functions of 

these enzymes is important and is tightly regulated 

to orchestrate a balanced reformation of the ECM in 

conditions such as in tissue remodelling, embryonic 

development and in tissue repair.5 However, when 

the normal levels of these enzymes are exceeded,           

it may result in number of pathological conditions 

characterized by an accelerated breakdown of 

extracellular matrix causing intense and destructive 

inflammatory disorders such as rheumatoid arthritis, 

atherosclerosis, osteoarthritis and in malignancies.6,7 

The unbalanced function of MMPs in tumours depends 

on a complex interactions between cancer cells, ECM 

and cancer stromal cells causing an accelerated 

remodelling of the ECM.2  
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ABSTRACT 

 

Matrix metalloproteinases (MMPs) are a group of proteinases that are involved with the enzymatic breakdown 

of the extracellular matrix and basement membrane components. These enzymes are important in regulating 

vital physiological functions such as embryonic development, wound healing and tissue remodelling. 

However, several disorders may result from the exaggerated function of these enzymes such as ulcers, 

rheumatoid arthritis and invasive tumours. In tumours, the effect of these enzymes is not limited to invasion 

as it was traditionally believed but it also extends to the other oncogenic hallmark processes such as 

proliferation, angiogenesis, epithelial-mesenchymal transition and evasion from apoptosis. Therefore, it is 

essential to thoroughly understand the molecular mechanisms involved in these enzymes in cancerous tissue 

based on recent literature. Several reviews have highlighted the function of these enzymes in malignancies 

however the aim of this was to provide more recent overview to their role in malignant transformation and 

progression and in a briefer approach summarizing the complex molecular pathways. Online databases such 

as PubMed, Google scholar, Web of Science and MEDLINE were used to identify relevant articles. This 

approach would assist researchers by providing a list of the potential molecular targets in the sequence of 

changes related to these enzymes. This might help in designing a safer and a more specific  targeted 

treatment for patients with cancer. 
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INTRODUCTION 

 

Matrix metalloproteinases (MMPs) are extracellular 

zinc-dependent endopeptidases that have been 

found in vertebrates, invertebrates and plants. 

These enzymes are characterized by their 

dependence on metal ions as cofactors and their 

ability to degrade all components of the 

extracellular matrix (ECM).1 MMPs are classified by 

their structure and the type of substrate into several 

sub-groups as shown in Figure 1. Subclasses include 

collagenases which are capable of degrading most of 

fibrillar collagen, gelatinases that degrades collagen 

type I and IV, stromelysins which have a similar 
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This review describes the roles and the molecular 

mechanisms involved in the action of MMPs within 

the tumour microenvironment in a more practical 

approach that might assist researchers in developing 

future treatments for cancer patients. 

 

METHODOLOGY 

 

This narrative review was conducted by searching 

online databases including PubMed, Google scholar, 

Web of Science and MEDLINE for articles and review 

papers with titles including Matrix metalloproteinases 

or MMPs and cancer, tumour or malignancy. Any 

article that is related to pathologies other than 

malignancies or was dated before 2010 unless no 

update was found to be excluded from this review. 

The identified review papers were scrutinized for 

details that were validated and updated according to 

the most recent findings. Articles with contradictory 

findings were carefully evaluated for credibility 

before being included in this review. Therefore, this 

review provides enough evidences about the 

different roles of MMPs regarding the development of 

tumour tissue that is explained in a systematic and 

brief order. 

 

Effects of matrix metalloproteinases on tumour 

pathogenesis  

 

Generally, MMPs contribute in the carcinogenesis 

process by breaking the physical barriers surrounding 

the cancer cells and enhancing migration of cancer 

cells through facilitation of invasion and metastasis 

processes.16 However, the function of these enzymes 

is not limited to the breakdown of ECM; it can  

extend to facilitate the progression of cancer cells              

through other processes such as EMT, proliferation, 

angiogenesis and evasion from apoptosis as shown in 

Figure 2.16-18 Most of these processes are triggered by 

degrading the different components within the ECM 

via the proteolytic function of these enzymes that 

allows release or activation of different growth 

Figure 1 Classification of matrix metalloproteinases 

factors, or shedding of adhesion molecules that 

modulates the status of cellular attachments.2  

Figure 2 General roles of matrix metalloproteinases in 
cancer development and progression 

Matrix metalloproteinases secretion within the 

tumour microenvironment 

 

MMPs within the tumour tissue were thought to be 

exclusively released by the cancer cells. However, 

recent evidences have shown that these enzymes 

are mostly released by cancer stromal cells.8-11 

These cells are originally normal tissue cells that 

had undergone a pathological molecular and 

morphological transformation within the tumour 

mass through paracrine communications with cancer 

cells in response to growth factors like vascular 

endothelial growth factor (VEGF), platelet-derived 

growth factor (PDGF), fibroblast growth factor 

(FGF), transforming growth factor (TGF-β) and 

interleukin-6 (IL-6).12,13 These cells include tumour-

associated fibroblasts, pericytes, endothelial and 

some immune cells that actively participate with 

cancer cells in the oncogenic processes of 

progression such as in proliferation, expansion, and 

spread.8,14 

 

Among the stromal cells, fibroblasts grab special 

attention in which under normal circumstances such 

as wound healing, fibroblasts cells adapt into an 

active form that is terminated once the function in 

wound healing is achieved. However, in cancer 

tissues, these fibroblasts are incessantly activated, 

and neither revert to a normal phenotype nor 

undergoes apoptosis.15 In addition, these fibroblasts 

are found to secrete higher amounts MMPs 

accelerating different pathological process within 

the cancer tissue.15 

 

Epithelial Mesenchymal Transition: 

 

Epithelial mesenchymal transition (EMT) is a 

biological process which involves a change in           
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the epithelial characteristics of cells by losing            

the tissue orientation and gaining a motile 

mesenchymal phenotype.19 This transformation is 

essential in many physiological functions such as in 

embryonic development, wound healing and in 

pathological conditions where cancer cells  gain 

these migratory characteristics.20 Once at the 

secondary location, these cancer cells revert back 

to their epithelial phenotype and may remain 

dormant for years before starting the secondary 

growth.20 As shown in Figure 3, cancer cells 

undergoing EMT are characterized by decreased 

expression of epithelial markers, such as E-

cadherin, claudin, ZO-1, and occludin and increased 

expression of mesenchymal markers such as                      

N-cadherin, vimentin, fibroblast-specific protein                

1, and fibronectin.21 This transition is mainly 

determined by the status of the ECM. When the ECM 

is stiff, cancer cells may retain the mesenchymal 

phenotype to pass through the micro spaces 

between the cells created through the degradation 

of ECM by MMPs.22 

Figure 3 Effects of matrix metalloproteinases on the  
epithelial mesenchymal transition  

MMPs enzymes participate in this complex process 

by activating EMT signalling pathways as shown in 

Figure 3 by releasing and activating growth factors 

such as transforming growth factor-β (TGF-β), 

hepatocyte growth factor, fibroblast growth factor 

and epidermal growth factor.20 Moreover, MMPs may 

also proteolytically cleave E-cadherin attachment 

between the cells promoting dissolution of 

epithelial cells and releasing a bioactive fragment 

of E-cadherin that induces cell motility and 

migration.22  

 

Cancer cells undergoing mesenchymal 

transformation tends to secrete higher amounts of 

MMPs which makes these cells less dependent on 

the stromal cells for their progression.23, 24 In 

addition, mesenchymal cancer cells are capable of 

recruiting more stromal cells that would support the 

cancer cells with higher amounts of MMPs leading to 

more aggressive changes.22  

 

Invasion and metastasis 

 

Cancer metastasis is a complex multistep process that 

involves complex interactions within the tumour 

microenvironment. It begins with detachment of a 

single cancer cell or a group of cells by losing the cell 

attachments, and bypassing anoikis. With the help of 

ECM degradation, these cells may undergo an EMT and 

start the journey of cell migration.25 Anoikis is a type 

of programmed cell death in response to the loss of 

cellular attachment in which the mechanism of its 

bypass in tumour cells is largely dependent on the 

phenomenon of EMT to initiate the migration, 

invasion and metastasis journey.25 While migrating, 

the cancer cells would penetrate the blood or 

lymphatic capillaries and travel along the stream to 

attach within the endothelial cells and penetrate 

through to start the secondary growth location.25  
 

Another MMP related mechanism playing role in the 

cell migratory behaviour is attributed to proteinases-

activated receptors (PARs). This can induce cancer 

cell migration through its activation by the 

proteolytic cleavage of the extracellular domain of G 

protein-coupled receptors by MMPs.26 

 

Cancer cells proliferation 

 

MMPs regulate the proliferation and the growth of 

cancer cells through multiple mechanisms including 

the release of cell membrane-bound precursors of 

some growth factors. 

 

Hence,  MMPs increase the bioavailability of these 

factors in addition to its indirect action through 

modifying the proliferative signals from integrin 

molecules.17 Among these molecules, the epidermal 

growth factor which is one of the most important 

growth modulators in carcinogenesis is primarily 

bound to the cell membranes of cancer and stromal 

cells and is later released to perform its versatile 

functions triggered by the action of MMPs.27  

 

In addition, MMPs may expose various cell receptors 

on the cell membrane of cancer and stromal cells to 

various cytokines and growth factors to enhance the 

growth and progression of cancer cells.24 The 

phosphorylation of the tyrosine kinase receptors 
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results in activation of cancer proliferative signalling 

pathways such as MAPK pathway which is well-linked 

with cancerous proliferation.28  

 

Another proliferative mechanism of MMPs depend on 

the presence of actin and other cytoskeleton 

proteins within the cell membrane protrusions of the 

invasive cancer cells. Once these protrusions are 

exposed and bound with soluble MMPs, the ECM will 

be proteolytically degraded releasing adhesive 

molecules such as integrins which enhances the 

proliferative behaviour among the cancer cells.24, 29 

MMPs also releases TGF-β factor from cancer and 

stromal cells within the tumour mass causing an 

extensive proliferation of cancer cells and 

penetration through the ECM. This can cause the 

release of more cell adhesion molecules facilitating 

metastasis, angiogenesis, and development of 

immunosuppression.30  

 

Tumour necrosis factor alpha (TNF-α) released by 

MMPs is one of the most important pro-inflammatory 

cytokines that is expressed on cancer stromal cells. 

When released, it may promote the growth of 

tumour cells by activation of nuclear factor kappa B 

pathway (NF-kB).31  

 

Furthermore, the proteolytic degradation of ECM by 

MMPs may release other membrane-bound molecules 

such as cadherin, integrin, superfamily of 

immunoglobulin (Ig-CAMs), selectins and CD44 

hyaluronic receptors. These receptors actively 

participate in promoting cancer cells proliferation, 

invasion and angiogenesis.4 MMPs may also alter 

cancer cell cycle checkpoint control and promote 

genomic instability in cancer cells by affecting cell 

adhesions.32 

 

On the contrary, anti-tumour properties of MMPs 

were reported by activating factors capable of 

inhibiting tumour growth such as TGF-β or by 

releasing pro-apoptotic molecules such as (TNF-α, 

Fas ligand).33, 34 

 

Angiogenesis  

 

MMPs mainly influence the process of angiogenesis 

which is essential for tumour development and 

spread by two mechanisms. The first mechanism is 

by the proteolytic digestion of the ECM causing the 

release of angiogenesis-stimulating factors such as 

vascular endothelial growth factor.24 This stimulates 

the formation of new blood vessels and increase 

their permeability.24 The other way of contribution 

in angiogenesis is through breaking the basement 

membrane causing the escape of different stromal 

cells including endothelial cells to form new blood 

vessels in the tumour tissue.24 

 

On the contrary, MMPs may cause inhibition of 

angiogenesis process by releasing angiostatins. This 

is mainly due to the cleavage of plasminogen by the 

influence on endostatin production caused by 

collagen XVIII cleavage.35 

 

Apoptosis  

 

MMPs may exhibit anti-apoptotic effects through the 

release of Fas ligand with inactivation of Fas death 

receptors and by the proteolytic release of tumour-

associated major histocompatibility proteins 

complex class-I related factors that will prevent 

apoptotic events in cancer cells.36,37 MMPs may also 

disturb the cellular adhesion molecules resulting in 

inhibiting the expression of p53 protein and 

enhancing the expression of MDM2 proteins to 

interfere with the apoptosis pathway.38 in addition, 

MMPs can contribute to a special form of apoptosis. 

This is due to detachment of cancer cells from the 

ECM in what is called anoikis process through 

disruption in the integrin signalling causing 

activation of caspases and cell death. However, this 

will increase the survival of other resistance cells to 

apoptotic stimuli.39 In contrast, MMPs have a pro-

apoptotic activity that is similarly linked with 

degradation of ECM adhesion molecules such as 

laminin leading to apoptosis.40 

 

CONCLUSION  

 

MMPs are vital factors in the development and 

spread of cancer cells which intensifies most of the 

pathological processes in cancer cells. This happens 

either by direct proteolytic degradation of ECM 

function or indirectly by releasing other factors 

capable of activating different cancer signalling 

pathways. Therefore, these enzymes can be 

considered as a potential target in the treatment of 

cancer. However, challenges may exist in this 

approach because these enzymes are also important 

in regulating many normal physiological functions. 

Hence, the potential treatment should be directed 

towards restoring the normal balanced level of 

these enzymes and breaking the viscous cycle 
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created by the interaction between cancer and 

stromal cells. 
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