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Abstract
Matrix metalloproteinases (MMPs) belong to a family of structurally related zinc-dependent proteolytic 
enzymes that are known to play a key role in the catabolic turnover of extracellular matrix (ECM) 
components. Research studies to date have indicated that MMPs regulate the activity of several non-ECM 
bioactive substrates, including growth factor, cytokines, chemokines and cell receptors which determine the 
tissue microenvironment. Disruption of the balance between the concentration of active metalloproteinases 
and their inhibitors (TIMPS) may lead to pathological changes associated with uncontrolled ECM turnover, 
tissue remodeling, inflammatory response, cell growth and migration. This brief review presents some 
information on MMPs role in inflammatory, metabolic and cancer abnormalities related to the salivary 
glands, as well as MMP- related aspects that lead to the formation of human dentinal caries lesions. In oral 
diseases, the most relevant biological fluid commonly used for diagnosing periodontal diseases in saliva. 
Conventional treatment successfully reduces the levels of MMPs inhibits the progressive breakdown of 
gingival and periodontal ligament collagens. 

Keywords: Matrix Metalloproteinases; Periodontal Diseases; Tissue Inhibitors. 

Introduction

Periodontal disease is a common, complex, 
inflammatory disease characterised by the destruction of 
tooth supporting soft and hard tissues of periodontium, 
including alveolar bone and periodontal ligament1. 
Although the inflammation is initiated by bacteria, the 
tissues breakdown events that lead to the clinical signs 
if disease result from the host inflammatory responses 
that develop to combat the challenge presented by the 
subgingival biofilm. 

Extracellular matrix (ECM) macromolecules play 
a key role in development and morphogenesis. Matrix 
metalloproteinases are also called matrixins, and are an 
important family of metal-dependent endopeptidases 
responsible for the degradation of ECM components. 
Expression of the 28 matrixins genes in humans is 
transcriptionally controlled by inflammatory cytokines, 
growth factors, hormones and cell-cell and cell-matrix 
interactions. Matrixins activities are also regulated 
by the activation of the precursor zymogens and 

inhibition by endogenous inhibitors, tissues inhibitors 
of metalloproteinases(TIMPs). Thus, the balance 
between MMPs and TIMPs are critical for the eventual 
ECM remodeling. Previously our team had conducted 
numerous original studies 2-9 and surveys 10-16, over 
the past 5 years. Now we are focusing on applying this 
knowledge to write the review on new advancements in 
the field. 

CLASSIFICATION OF MMPS

Based on the substrate specificity MMPs are classified 
into the following types 10,17 They are Collagenases- 
MMP-1, the substrates present in it are col-1,2,3,6,8,10 
and gelatin, its specific role is over expression in 
the liver effectively attenuates fibrosis and causes 
hepatocyte proliferation. MMP-8, the col-1,2,3,7,8,10 
and aggrecan, its specific role is promoted leukocyte 
infiltration in TNF- induced acute hepatitis. MMP-13, 
the substrate used are col-1,2,3,4,9,10 and gelatin, its 
specific role in liver diseases are acute liver injury and 
accelerates liver fibrosis. MMP-2, the substrates are 
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gelatin, col-1,2,3,4,7,10, its specific role is expressed 
during liver ischemia. MMP-9 , the substrates used 
were col-4,5 and gelatin, their role is expressed during 
Ischemia. Stromelysins are MMP-3, the substrate used 
are col-2,4,9,10 and gelatin, its specific role is expressed 
in hepatocellular carcinoma. MMP-10, the substrates are 
col-4,laminin, fibronectin and elastin, its specific role 
are hepatocellular carcinoma, MMP-11, the substrates 
are col-4, fibronectin, laminin, its specific functions 
are expressed in normothermic ischemia injury. MMP-
19 the specific role of it is promoting TGF-p signalling 
in development of liver fibrosis. Matrilysins contains 
MMP-26 and MMP-7, its substrates are fibronectin, 
laminin, Col-4, gelatin and its function is expressed in 
biliary atresia fibrosis. Membrane type MMPs contain 
MMP-14, which has Gelatin and fibronectin as substrates 
and its role is shown in highly invasive hepatocellular 
carcinoma and MMP-15 and MMP-16 also contain the 
same substrates as MMP-14 but their role is expressed 
only on partial hepatectomy, MMP-17, MMP-24, MMP 
-25 are some of the membrane type MMPs. Other MMPs 
are MMP-12, MMP-20, MMP-22 and MMP 28. 

STRUCTURE OF MMPS

MMPs are structurally similar but differ in substrate 
specifically. The following features are seen in the 
structure18, they are single peptide, propeptide, Furin-
cleavage site insert, catalytic domain, Fibronectin like 
repeats, hinge region, hemopexin domain and membrane 
insertion extension. While primary structures of these 
metalloproteinases domains have little homology among 
families, the overall protein folds are similar. A typical 
MMP consists of a propeptide of about 80 amino acids, 
a catalytic metalloproteinase domain of about 170 amino 
acids, a linker peptide of variable lengths (also called 
the ‘hinge region’) and a hemopexin (Hpx) domain of 
about 200 amino acids. Exceptions to this are MMP-7 
(matrilysin 1), MMP-26 (matrilysin 2) and MMP-23; 
they lack the linker peptide and the Hpx domain and 
MMP-23 has a unique cysteine-rich domain and an 
immunoglobulin-like domain after the metalloproteinase 
domain. While the primary structures of these 
metalloproteinase domains have little homology among 
the families, the overall protein folds are similar. In 1994 
3D structures of the catalytic domain of collagenases 
(MMP-1 and MMP-8) were determined by X-ray 
crystallography by several groups and subsequently 

crystal structures of proMMP-3 lacking the hemopexin 
domain and the active full-length MMP-1 in 1995. Since 
then, a large number of 3D structures of MMPs have 
been determined both by X-ray crystallography and by 
NMR spectroscopy including full-length proMMP-1, 
proMMP-2 and the proMMP-2–TIMP-2 complex. 

MODE OF ACTION

Mode of action of MMPs are as follows 18,19 

●	 MMPs may affect cell migration by changing 
the cells from an adhesive to non-adhesive phenotype 
and by degrading the ECM.

●	 MMPs may enter and alter the ECM 
microenvironment leading to cell proliferation, apoptosis 
or morphogenesis.

●	 MMPs may modulate the activity of biologically 
active molecules such as growth factor receptors by 
cleaving them or releasing them from the ECM 20.

●	 MMPs may alter the balance of protease activity 
by cleaving the enzymes or their inhibitors. 

REGULAGION OF MMP ACTIVITY

The activity of MMP against extracellular matrix 
substrates is regulated at 4 gates 21

1)	 Transcriptional regulation of MMP genes

2)	 Precursor activation 

3)	 Differences in substrate specificity 

4)	 MMP inhibitors 

Alpha-2-macroglobulins, they capture the active 
MMP by a unique venus-fly trap mechanism activated 
by cleavage of a bond in the ”bait“ region. This cleavage 
leads to hydrolysis of a liable internal thio-ester bond and 
covalent cross-linking of a nascent glutamyl residue to 
lysyl side chains exposed on the surface of the attacking 
proteinase 22

The first TIMP was described in 1975 as a protein, in 
the culture medium of human fibroblasts and in human 
serum, which was able to inhibit collagenase activity. 
The molecular weight of this protein was later shown 
to be 28.5kDa. Since then, three new TIMPs have been 
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discovered in different species, and have been designated 
TIMP-2,-3,-4, respectively 

MATRIX METALLOPROTEINASES AND 
BONE RESORPTION:

The role of MMPs during bone resorption is not 
totally clear but new insights suggest that MMPs also 
play a key role during this event. Osteoclasts are unable to 
attach to the bone surface if the mineralised bone matrix 
is covered by an osteoid layer. Osteoid is composed of 
type 1 collagen, proteoglycans, glycoproteins and native 
types 4 and 9 collagens.

Osteoblast-derived collagenase (nMP-13) seems 
to be mainly responsible for degradation of non 
mineralised osteoid layers covering bone surfaces. 
MMP-13 is expressed in human breast carcinomas23, 
articular cartilage from arthritic patients. Osteoblasts, 
periosteal cells and fibroblasts during human foetal bone 
development 24,25 and postnatally in bone remodelling26. 
MMP-13 is as efficient as MMP-1 and MMP-8 in 
digestion of type 1 collagenase 27,28. Cleavage of collagen 
1 by MMP-13 seems to be the initial step of the entire 
bone resorption process. Subsequent, denatured collagen 
fragments are also degraded by gelatinases MMP-2 and 
MMP-9, it cleaves acid insoluble type 1 collagen at 37 
degree celsius and presents strong proteolytic activity 
against denatured type 1 collagen and type 4 collagen27. 
Other direct evidence of the inhibition of MMPs by 
chemically modified tetracyclines can prevent bone loss 
29,30. 

MMP IN PERIODONTAL DISEASES:

In periodontal disease, MMPs play a key role 
in degradation of ECM, basement membrane and 
protective serpins as well as in the modification of 
cytokine action and activation of attachments apparatus 
is the hallmark of periodontal diseases 31,32. Organisms 
like porphyromonas gingivalis and aggregatibacter 
actinomycetemcomitans do produce collagenases for 
the breakdown of ECM but they do not help much in 
periodontal collagen degradation and resident gingival 
and periodontal ligament fibroblasts produce collagenases 
that are thought to be involved in normal tissue turnover. 
The inflammatory reaction associated with periodontitis 
may damage the surrounding cells and connective 
tissue structures, including alveolar bone, causing 

tooth loss32,33. Inflammatory cells such as neutrophils 
and macrophages produce MMPs, with neutrophils 
being the major source of collagenase and gelatinase in 
inflammatory diseases such as periodontitis31. MMP-3 
is effective at degrading proteoglycans and fibronectin. 
Epithelial cells can also produce elevated levels of these 
enzymes, which may facilitate the apical migration 
and lateral extension of the junctional epithelium and 
the subsequent loss of connective tissues attachment. 
Inflammatory cells, particularly neutrophils, are thought 
to play a particularly important role in MMP- mediated 
PDL destruction 34,35. Epithelial cells can also produce 
elevated levels of these enzymes, which may facilitate the 
apical and lateral extension of junctional epithelium36. 

ESTIMATION OF MMP IN PERIODONTAL 
DISEASES:

Matrix metalloproteinases can also process 
various bioactive non matrix substrates, such as 
cytokines, chemokines, growth factors and immune 
mediation, thereby mediating both anti and pro-
inflammatory processes. Therefore, the levels of matrix 
metalloproteinases should not be interpreted solely as 
surrogate markers of time destruction but also as part 
of physiological or anti-inflammatory defence37. Based 
on these biochemical or immunological findings, the 
oral fluids have been a target for extensive research 
on diagnostic utilisation of MMPs and their regulators 
as potential candidates for PDL diseases. Various 
proteomic techniques are being used to estimate the 
levels of these MMPs. 

ROLE OF MMP INHIBITORS IN 
PERIODONTAL DISEASES:

Inhibiting MMPs can be an effective adjunctive 
treatment in the management of periodontitis as they are 
important mediators in the connective tissue breakdown 
in periodontitis. Inhibitors fall into three categories: 

1)	 Collagen peptidomimetics and 
nonpeptidomentics- a. Peptidomimetic MMP inhibitors, 
b. Batimastat, C .Marimastat, d. Non peptidic MMP 
inhibitors. E. BAY 12-9566, f. AG3340, g. BMS-27529, 
h.CGS-27023A.

2)	 Tetracycline derivatives - a. Doxycycline, b. 
Col-3(metastat)
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3)	  Bisphosphonate. 

A disturbed balance between MMPs and TIMPs 
might contribute to the disease process in degenerative 
diseases. In some cases, the occurrence of MMPs and 
TIMPs in body fluids such as saliva, gingival cervical 
fluid(GCF) or serum provides additional information 
about the progression of the disease. In health periodontal 
tissue, TIMP levels are generally higher than in inflamed 
periodontal tissues, in which MMP levels exceed TIMP 
levels. The more severe the information the higher 
the concentration of MMP. The inhibition of MMP 
expression or activity, or increased TIMP expression 
might reduce tissue destruction in periodontitis.

Different inhibitors include

a.	 Alpha -2- macroglobulins

b.	 Tissue inhibitors of metalloproteinases 

c.	 Inhibiting antibodies 

d.	 Synthetic inhibitors 

During inflammation, however, the later high 
molecular weight protein may escape the vasculature 
and also function in the extracellular matrix. Multiple 
synthetic peptides have been formulated in an attempt to 
synthesise more specific chelators including hydroxyzine 
acid derivatives. 

Conclusion

MMPs are important components in many biological 
pathological processes because of their ability to degrade 
ECM compounds. The use of a host modulatory agent 
such as MMP inhibitor can assist with conventional 
treatment for periodontitis and, when used adjunctively, 
can enhance and make clinical therapeutic responses 
more predictable in more susceptible patients.
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