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ABSTRACT 

Matrix metalloproteinases belongs to one of the four proteinase systems which are responsible for degradation 

of all components of extracellular matrix particularly the versatile protein – Collagen. Collagen is responsible 

for the framework of the supporting periodontal tissues. MMP has a dual role both in physiology and pathology. 

When the balance among the factors which maintain homeostasis is disturbed tissue destruction occurs by 

activation of MMP. This review focuses on the history, classification, regulation, physiological and pathological 

role of MMP. 
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INTRODUCTION

Extracellular matrix (ECM) macromolecules are 

important during the development and 

morphogenesis of tissues and serves as a scaffold for 

normal biological functions. The synthesis, 

breakdown and remodelling of the ECM are critical 

events in normal physiological processes like 

embryonic development, wound healing and 

angiogenesis [1].
 
Remodelling of the ECM is carried 

out by four different protease systems - cysteine 

proteases, serine proteases, aspartic proteases and 

metalloproteinases (MMP). MMPs are referred to as 

metzincins superfamily. They have important roles in 

physiological and pathological processes, as they 

regulate various cell behaviours [2]. 

Periodontitis is an inflammatory disease which 

causes destruction of the supporting tissues of the 

teeth. The microorganisms associated with the 

disease will initiate the disease and the progression is 

influenced by the host immune response [3].
 
The 

disease progression involves a network of interacting 

molecular pathways made of pro-inflammatory 

mediators like cytokines, growth factors, reactive 

oxygen species, an MMP, and their inhibitors and 

regulators [4]. MMPs form the most important group 

of proteinases responsible for the degradation of 

matrix proteins during periodontitis, and imbalance 

between MMPs and their inhibitors may trigger the 

degradation of ECM, basement membrane, and 

alveolar bone [5]. 

Matrix metalloproteinases are large family of zinc 

and calcium dependent endopeptidase which are 

responsible for tissue remodelling and degradation of 

extracellular matrix including collagens, elastins, 

gelatin, matrix glycoproteins and proteoglycan [6]. 

II. HISTORICAL BACKGROUND 

The initial milestone for the discovery of matrix 

metalloproteinases was achieved by Woessner in 
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1962 [7]. He discovered a protein enzyme which is 

present in mammalian tissue is responsible for 

degradation of collagen. Later in the same year 

Jerome Gross and Charles M Lapiere [8] cultured 

fragments of resorbing tadpole tail on reconstituted 

collagen gels. A collagenolytic enzyme that could 

attack native collagen fibrils was recovered from the 

culture medium. Within a short time these studies 

were extended to show a similar activity in a wide 

variety of tissues, that the collagen molecule was cut 

into three-quarter and one-quarter length fragments, 

and that the enzyme activity was dependent on metal 

ions. 

III. CLASSIFICATION OF MMP 

Matrix Metalloproteinase comprise a family of 

around 28 members which are broadly categorized 

into six groups which are involved in various 

physiological and pathological conditions [9]. MMP 

are classified based on their pre-synaptic region on 

chromosomes and their various substrate specificity. 

Members of mmp family and their classification 

[10] 

Collagenases: MMP-1, MMP-8, MMP-13, MMP-18 

Gelatinases: MMP-2, MMP-9 

Stromelysins: MMP-3, MMP-10, MMP-11 

Matrilysins: MMP -7, MMP-26 

Membrane type MMP: 

 Transmembrane MMP: MMP-14, MMP-15, 

MMP-16, MMP-24 

 GPI Anchor MMP: MMP-17, MMP-25 

Others: MMP-12, MMP-19, MMP-20, MMP-21, 

MMP-23, MMP-27, MMP-28 

IV. STRUCTURE OF MMP 

MMPs consist of four distinct domains and a signal 

peptide, the N-terminal prodomain (propeptide), 

catalytic domain, linker region, and C-terminal 

hemopexin-like domain. The membrane-type (MT) 

MMPs contain an additional transmembrane (TM) 

domain that anchors them to the cell membrane [11].
 

Exceptions are: 

1.  MMP-7 and MMP-26 (matrilysins) lack the 

linker region and Hemopexin (HPX) domain 

and thus are referred to as “minimal MMPs”. 

2.  MMP-2 and MMP-9 possess three repeats of 

fibronectin type II-like motifs within the CAT 

domain. 

3.  MMP-17 and MMP-25 are type I TM 

enzymes anchored to membranes through a 

C-terminal glycosyl phosphatidyl inositol 

(GPI) residue.  

4. The N-terminal MMP-23 pro-domain 

contains a type II TM domain that anchors the 

protein to the plasma membrane.  

5. Instead of the C-terminal HPX domain 

common to other MMPs, MMP-23 contains a 

small toxin-like domain (TxD) and an 

immunoglobulin-like cell adhesion molecule 

(IgCAM) domain [12]. 

V. REGULATION OF MMP 

MMPs are the important regulators for tissue 

homeostasis due to multidirectional communication 

within tissues and cells and their widespread 

spectrum of substrate. 

The activity of MMP has to be tightly regulated since 

uncontrolled MMP activity can easily become 

destructive and lead to breakdown of homeostasis. 

The catalytic activity of MMPs is strongly controlled 

at four different levels [13]: 

1)  Gene expression with transcriptional and post-

transcriptional regulation 

2) Removal of the pro-domain by pro-enzymatic 

activation 

3) Compartmentalisation - Extracellular localisation 

and tissue or cell type of MMP release 

4)  Inhibition by specific inhibitors. 

1) Modulation of MMP gene expression 

Gene expression of MMP is primarily regulated at 

the transcriptional level. MMPs are co-regulated by 

various inductive stimuli, like growth factors and 

cytokines (TNF-á, IL-1, EGF, 

bFGF and PDGF) , and may also be co-repressed by 

glucocorticoid hormones,parathormone, progestrone 

and retinoids [14]. 

2) Cysteine switch mechanism
 

MMPs are usually synthesised as zymogens (inactive 

pro-forms) with a pro-domain.   The pro-domain has 
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a conserved ‘‘cysteine switch’’ sequence near the 

border zone of the catalytic domain, whose free 

cysteine residue interacts with the catalytic zinc ion. 

The interaction is to maintain enzyme latency and 

prevent binding and cleavage of the substrate [15]. 

For a Pro-MMP to become catalytically active, 

interaction between the thiol of the conserved 

prodomain cysteine residue and the zinc ion of the 

catalytic site must be disrupted. The thiol-

Zn
2+

 interaction can be broken and a latent MMP can 

gain catalytic activity - by three mechanisms:  

a) Direct cleavage of the pro-domain by another 

proteinase 

b) Reduction of the free cysteine by reactive oxygen 

species or by nonphysiologic reagents such as 

alkylating agents, heavy metal ions, and disulfides 

c) Allosteric reconformation of zymogen [16] 

3) Compartmentalisation 

The regulation of MMP proteolysis starts early on 

with their secretion. The localization of MMPs in the 

pericellular space and the extracellular environment 

generally have a strong impact on their inactive pro - 

form activation [17]. 

Secreted MMPs which are often associated to the cell 

membrane, focuses their activity to specific 

substrates in the pericellular space. Examples for cell 

surface substrate recruitment are binding of MMP-1 

to α2β1 integrin, which depends on interaction of α2 

integrin with both linker plus hemopexin-like domain 

of MMP-1, MMP-9 binding to CD44.
 

Cells use 

surface receptors, like integrins to inform themselves 

what protein in the cell periphery has been 

encountered and consequently, which type of enzyme 

is needed and where it has to be released. 

4) Inhibitors of MMP 

Matrix Metalloproteinases act on the surface of the 

cells or in the extracellular space. The matrix 

metalloproteinases activities are controlled by a 

combination of zymogen activation and inhibition by 

endogenous inhibitors like tissue inhibitors of 

metalloproteinases (TIMPs) and α2-macroglobulin.  

TIMPS  

TIMPs are the key inhibitors in tissue. TIMPs have 

been found in Drosophila and Caenorhabditis 

elegans. In humans four TIMP have been identified. 

These secreted proteins will regulate the MMP 

activity during tissue remodelling process. All four 

mammalian TIMPs are basically similar, but they 

have distinctive structural features and biochemical 

properties. The three-dimensional structure of TIMP 

has a wedge-shaped appearance. The TIMPs have 

molecular weights of ~21 kDa. Mammalian TIMPs 

are two-domain molecules, having N-terminal 

domains which has 125 amino acids and a smaller C-

terminal domain having 65 amino acids, the each 

domain were stabilized by three disulphide bonds 

[18]. 

Although different TIMPs bind tightly to most MMPs 

[19], there were some differences in inhibitory 

properties between different TIMPs. 

1. TIMP-2 and TIMP-3 are effective inhibitors 

of the membrane-type MMPs (MTMMPs). 

TIMP-2 binds tightly to the zymogen of 

MMP-2 (proMMP-2) forming a complex that 

is important in the cell-surface activation of 

proMMP- 2 

2. TIMP-3 is a good inhibitor of tumor necrosis 

factor-K converting enzyme (TACE) [20], a 

metalloproteinase that is not a member of the 

matrixin family. TIMP-3 is appears to bind 

strongly to ECM components 

3. TIMP-1 forms a specific complex with 

proMMP-9. 

4. TIMP-4 also binds to the C-terminal domain 

of proMMP-2.  

α2-macroglobulin 

α2-macroglobulin is a large plasma protein found in 

blood. It act as an antiprotease and will inhibit variety 

of proteinases. It can be regarded as the major plasma 

inhibitor of metalloproteinases.  It is synthesised 

mainly in the liver by hepatocytes, but it is also 

produced by macrophages and fibroblasts. α2-

macroglobulin can almost universally inhibit 

endoproteinases, including the MMPs and the 

ADAMs. Inhibition is mainly by the cleavable ‘bait’ 

region that, once proteolytically cleaved, causes a 

conformational change that entraps the proteinase, 

which becomes covalently anchored by 

transacylation. α2-macroglobulin is the largest major 

non-immunoglobulin protein in human plasma [21]. 

VI. PHYSIOLOGICAL ROLE OF MMP 
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Matrix metalloproteinases have various physiological 

roles in mammary development, Apoptosis, cell 

migration, Immune response, Bone formation, 

Angiogenesis and Wound healing. 

MMP function during implantation 

Development of the placenta starts with the invasion 

and migration of trophoblast cells into the maternal 

tissue to establish connection with the maternal 

circulation [22]. The trophoblasts express high levels 

of MMP-9. Inhibition of MMP-9 decreases migration 

and degradation of ECM by trophoblasts. Ets-2 is a 

member of the Ets family of transcription factors that 

regulate the transcription of MMPs. When the 

activity of MMP-9 is insufficient it cause Ets-2 

deficiency. The Ets-2-deficiency leads to defective 

development of the placenta.  

MMPs in mammary development 

During embryonic period, the mammary gland 

develops by the budding of an epithelial tube into the 

mammary fat pad and subsequently the terminal end 

bud grows extensively branching to form the 

epithelial ducts. The epithelial ducts expands greatly 

during puberty in response to both local and systemic 

signals
 
which involves MMP 2 and MMP 3 causing 

degradation of the basement membrane and ECM. 

Morphogenesis of the mammary gland occurs by two 

distinct mechanisms: terminal end bud (TEB) 

elongation and secondary branching. Inhibition of 

MMP function results in deficient primary invasion 

and has a minor effect on secondary branching [23].
 

MMP on apoptosis 

MMPs exhibit both pro-apoptotic and anti-apoptotic 

activity. The pro-apoptotic activity of MMPs is due 

to changes in ECM composition. Their anti-apoptotic 

action include: cleaving the Fas ligand, proteolytic 

shedding of tumor associated MHC complex class I 

related protein and activation of serine/threonine 

kinase AKT/ Protein kinase B. MMPs lead to 

apoptosis by cleaving adhesion molecules. MMP-3 

induces apoptosis in case of its over-expression in 

epithelial cells, probably by digestion of laminin. 

MMPs may also contribute to apoptosis of cells [24]. 

MMP in cell migration 

MMP modulate signal transduction pathways such as 

proteolysis of extracellular mediators of cell-ECM or 

cell-cell adhesion, ectodomain shedding, receptor 

cleavage or exposure of cryptic sites leading to cell 

motility and invasion. The transmembrane protein E-

cadherin is the primary target for the MMP-

dependent disruption of cell-cell contacts. Triggering 

of signal transduction by release of β-catenin can 

exacerbate additional proteolysis upon induction of 

the expression of MMPs-2, -9 and -14.  

Integrins are also pivotal elements for cell adhesion, 

migration and invasion. These cell-surface proteins 

mediate cell-cell and cell matrix adhesion and are 

involved in molecular signalling and crosstalk 

processes [25].  

MMPs in the immune response and innate 

immunity 

Innate immunity comprises various mechanisms that 

defend against invading microorganisms, contribute 

to tissue repair, and regulate the activity and influx of 

cells that are involved in acquired immunity. 

Epithelium is the first line of defence by maintaining 

a tight barrier against the external environment, 

secreting antimicrobial peptides, and producing 

chemokines and homing receptors. Injury disrupts the 

barrier function of the epithelium, creating an entry 

point for microorganisms and toxins. However, 

injured epithelial cells respond rapidly to close 

wounds, a process that involves cell proliferation, 

spreading and migration. Injury also induces the 

expression of several MMPs like MMP-1, MMP-7 

which are crucial for wound closure [26]. MMP-7 is 

essential for the chemotatic recruitment of 

neutrophils. MMP-2 and -9 participate in immune 

cell recruitment by providing a chemokine gradient 

of both the CC and the CXC-motif ligands thereby 

having both pro and anti-inflammatory effect. 

During bone resorption osteoclasts are unable to 

attach to the bone surface if the mineralized bone 

matrix is covered by an osteoid layer. Osteoid is 

composed by type I collagen, native types IV and IX 

collagens, proteoglycans and glycoproteins. 

Osteoblast-derived collagenase (MMP-13) is as 

efficient as MMP-1 and MMP-8 in the digestion of 

type I collagen. Cleavage of collagen I by MMP-13 

seems to be the initial step of the entire bone 

resorption process and exposes the mineralized 

matrix to osteoclasts.
 
Subsequent, denatured collagen 

fragments are degraded by gelatinases MMP-2 and 

MMP-9. 
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Osteoclasts also express high levels of MMP-9 which 

plays a distinct role to cathepsin K in the process of 

bone resorption. MMP-9 cleaves acid insoluble type I 

collagen at 37°C and presents strong proteolytic 

activity against denatured type I collagen and type IV 

collagen. MMP-3, MMP-9 and MMP-13 mRNA 

levels are increased when osteoblast cultures are 

stimulated by resorptive factors such as cytokines IL-

1b and TNF-a, parathyroid hormone, and 

prostaglandin E2 [27]. 

MMP in healing 

 MMPs play a crucial role in all stages of wound 

healing by modifying the wound matrix, allowing for 

cell migration and tissue remodelling. MMP 

expression and activity are tightly controlled during 

wound healing; specific MMPs are confined to 

particular locations in the wound and to specific 

stages of wound repair. MMP-1, MMP-3, and MMP-

9 are the major chemokine regulators during wound 

healing. 

Role of MMP in angiogenesis 

Angiogenesis is a process by which new blood 

vessels are formed from existing vessels.   MMPs, 

may stimulate or inhibit this process and MMP2, 

MMP9, and MMP14 plays the most important role in 

angiogenesis. Other MMPs may play a supporting 

role by complementing the main activity of MMPs 

1.  Proteolysis of type I collagen 

2.  Modification of platelet-derived growth 

factor (PDGF) signalling 

3.  Regulation of perivascular cells and 

processing of VEGF.  

           VEGF is stored extracellularly: after secretion, 

VEGF binds to the ECM, from where it must be 

released to initiate angiogenesis. MMP 9 mobilizes 

VEGF and initiates angiogenesis.  

MMPs can also cleave VEGF, separating the matrix-

binding domain from the receptor-binding domain. 

MMPs contribute to angiogenesis not only by 

degrading basement membrane and other ECM 

components, allowing endothelial cells to detach and 

migrate into new tissue, but also by releasing 

ECM‑ bound proangiogenic factors (basic fibroblast 

growth factor (bFGF), vascular endothelial growth 

factor (VEGF), and transforming growth factor 

(TGF)). In addition, MMP degradation of ECM 

components generates fragments with 

now‑ accessible integrin binding sites, triggering 

integrin intracellular signalling [28].
 

VII. MMP IN PATHOLOGY 

MMP has various role in pathology 

i. PERIODONTAL DISEASES 

ii. CARIES, PULP AND 

PERIAPICAL 

PATHOGENESIS 

iii. ORAL CANCER 

Role of MMP in periodontal diseases  

Periodontal diseases are defined as chronic 

inflammatory diseases of the tooth attachment 

structures. They are considered as the most common 

cause of tooth loss and one of the most prevalent 

forms of bone pathologies in humans. The bacterial 

biofilms attached to the tooth surfaces trigger an 

intense inflammatory reaction that results in 

irreversible loss of periodontal tissue attachment and 

alveolar bone resorption. Matrix metallo proteinases 

are believed to play an important role in tissue 

destruction associated with chronic inflammmatory 

conditions such as periodontal diseases. In oral cavity 

proteolytic enzymes are released by host cells such as 

fibroblasts, polymorphonuclear neutrophils, 

osteoblasts, endothelial cells, macrophages and 

epithelial cells. MMP are responsible for degrading 

most extracellular matrix components and thus 

implicated in tissue destruction and loss of supporting 

connective tissue. MMP 1, 2, 3, 8, 9 and 13 are most 

important mediators in periodontal tissue destruction 

[29,30]. 

Destruction of periodontal attachment apparatus is 

the hallmark of periodontal disease, and degradation 

of type I collagen seen in periodontal tissues is a key 

step in periodontal attachment loss. Degradation 

action on collagen fibers is performed by MMPs 

released by the resident cells of PDL that responds to 

the inflammatory stimuli. The most common type of 

MMPs related to tissue destruction belongs to 

collagenases family and includes mainly MMP-8 and 

MMP-13, with significant contribution from MMP-9 

and MMP-14. Other MMPs are found to play a minor 

role in periodontal tissue destruction. 

Four distinct pathways may be involved with this 

destruction: 
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1. Plasminogen-dependent 

2. Phagocytic 

3. Osteoclastic  

4. Matrix metalloproteinase pathway 

 A wide range of evidences has indicated that the 

most important pathway is the one which involves 

matrix metalloproteinases (MMPs). 

Each of the major cell types of human periodontal 

tissues is capable of expressing a unique complement 

of MMP. MMP stored in specific granules of 

neutrophils are rapidly released within seconds when 

the cells are triggered and the response lasts for 

minutes. Fibroblasts, keratinocyte, macrophages and 

endothelial cells express MMPs by transcriptional 

activation where it is releases in 6-12 hours and the 

response duration lasts for days [31]. 

Birkedal-hansen (1993) have provided the following 

evidence that matrix metalloproteinases are involved 

in tissue destruction in human periodontal disease  

1) Cells isolated from normal and inflamed 

gingiva are capable of expressing a wide 

variety of matrix metalloproteinase in culture 

2) Several matrix metalloproteinases can be 

detected from the gingiva in vivo;  

3) Matrix metalloproteinase-8 and matrix 

metalloproteinase-3 are readily detected in 

gingival crevicular fluid from gingivitis and 

periodontitis patients [4]. 

MMP -1 has been identified in inflammed gingival 

tissues and in granulation tissue of chronic 

periodontitis patients. Higher levels of MMP-1 and 

MMP-3 are noticed in gingival fibroblasts after 

stimulation with interleukin-1 and tumor necrosis 

factor – α. MMP-1 and MMP-3 in periodontal tissues 

are locally produced by host fibroblasts and then 

activated participating in periodontal tissue 

destruction [32].
 

Periodontal tissue breakdown was associated with the 

conversion of pro MMP-9 to its activated form in 

GCF. MMP-9 was detected in junctional and pocket 

epithelium of inflamed gingival tissues and 

contribute to gingival responses to periodontal 

infection in addition to neutrophils [33].
 
MMP-13 and 

MMP-14 help in osteoclast attachment to the bone 

surface as well as osteoclast –matrix interactions that 

control the bone remodelling process and detected on 

bony resorption lacunae and ruffled borders of 

osteoclasts. MMP-13a also degrades fibrinogen and 

factor XII of the plasma clotting system and it is 

directly linked to bleeding which is considered as a 

significant clinical feature of periodontal disease 

[34]. 

MMP-8 also increases the expression of mRNA in 

inflamed gingival tissues. Clinical improvement 

obtained by periodontal treatment was directly 

correlated to significant reductions in MMP-8 levels. 

The mean MMP-8 concentration in the saliva and 

GCF of the healthy individuals was 10 fold less than 

that of periodontally compromised patients [35].
 

MMP in caries, pulp and periapical pathogenesis 

Dental caries is an infectious microbiologic disease 

of the teeth that results in localized dissolution and 

destruction of calcified tissues. 

Demineralization in caries lesions is caused by 

microbial acids and lesion progression in dentin is 

accompanied with degradation of dentin organic 

matrix caused by microbial enzymes. The pH 

changes taking place in caries lesion are extremely 

powerful activators for MMPs. There are two 

possible sources for the MMPs in caries lesions. 

Salivary and GCF MMPs are reserved in plaque 

which is also the potential site for acid activation. 

MMPs are also produced by odontoblasts and they 

are present in mineralized human dentin. The 

presence of both pro- and active forms of MMP-8, -2 

and -9 in human dentinal caries lesions. Since the 

active forms are short-lived, the presence of active 

MMPs indicates activation in site, suggesting their 

active role in the dentin matrix degradation [36]. 

MMP and cancer 

In almost every type of human cancer the expression 

and activity of MMPs are increased. Early expression 

of MMPs, either by the tumor cells themselves or by 

surrounding stromal cells, helps to remodel the ECM 

and release ECM and/or membrane‑ bound growth 

factors, which provides a favorable 

microenvironment for the establishment of the 

primary tumor. MMPs regulate tumor growth by 

favoring the release of cell proliferating factors such 

as insulin‑ like growth factor (IGF) which binds to 

specific‑ binding protein. MMPs degrade 
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components of ECM, facilitating angiogenesis, tumor 

cell invasion, and metastasis [37].
 

VIII. CONCLUSION 

MMP are important components in many biological 

and pathological process because of their ability to 

degrade extracellular matrix components. They act as 

biomarkers for active periodontal disease. Although 

matrix metalloproteinases and tissue inhibitor of 

matrix metalloproteinases are involved in the 

pathogenic process of active periodontitis, the 

relative balance of matrix metalloproteinases and 

tissue inhibitor of matrix metalloproteinases could be 

useful periodontal diagnostic tests. 
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