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Abstract

Most body tissues are found in a constant renovation process, modulated by a large number
of proteins that induce tissue synthesis and degradation over time. Matrix metalloproteinases
(MMPs) are a family of 25 zinc-dependent endopeptidases in charge of the cleavage of the
immediate components of the extracellular matrix. Certain MMPs, especially MMP-2 and
MMP-9, are related to the development of dental germ as well as odontogenic tumor
invasion and proliferation. They are a significant factor in tumor aggressiveness and possible
treatments. Moreover, both MMPs participate in the progression of dental caries and apical
periodontitis in patients with necrotic pulp. Several periodontal pathogens promote the
secretion of both MMP-2 and MMP-9, increasing the destruction of periodontal tissues,
which is closely linked to the progression of the disease. High levels of these MMPs are
found in patients undergoing orthodontic treatment, not only in the compression side
but also on the tension one. This establishes a connection between tooth movement and
tissue renovation. This review analyzes MMPs expression and usefulness in different areas
of dental science, emphasizing their potential as biomarkers.
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Introduction

Several types of cells that produce a wide
variety of macromolecules, among them,

the

development of dental germs. Some of

various proteins, are involved in
these proteins worth noting are matrix
metalloproteinases (MMPs), which play a role
in the degradation of the extracellular matrix
and whose functions are coordinated with
tissue inhibitors of metalloproteinases called
TIMPs. Certain MMPs have been linked
to the progression of tumor pathologies,
metastases and tumor aggressiveness, while
some have been used as markers to help in
the diagnosis and prognosis in various tumors
of epithelial origin. MMP-2 can degrade
enamel proteins such as amelogenin and,
consequently, promote a dental tissue that is
more prone to cariogenic attacks (1). Apical
lesions, caused after pulp necrosis, mark an
increase in the activity of MMP-2 and MMP-
9, which could contribute to the progression
of apical periodontitis (2). Since studies have
shown an increased expression and activity
of MMP-9 in patients with periodontitis, it
could be considered a predictive indicator of
the disease (3). Several MMPs, among them
MMP-2 and MMP-9, have been proven
to be in higher levels in compression and
tension sites of teeth subjected to orthodontic
movements (4). The aim of this paper is to
gather information on the expression of said
proteins in odontogenic tumors and in tooth
germs, as well as their role in restorative
dentistry, endodontics and periodontics.

Methodology used for collecting data

A computer search of the literature in
Spanish and English was carried out using the
Pubmed, SciELO, Science Direct and Timbé
(portal created by the National Research
and Innovation Agency of Uruguay that
provides access to literature) databases for

the 2005-2015 period, using keywords such
as: “metaloproteinasas, matriz extracelular,
odontologfa, matrix-metalloproteinases,
extracellular-matrix, dentistry”, and 29 papers
from the last 6 years were selected to guide
this literature review.

What are matrix metalloproteinases?

MMPs are integral proteins that are part
of the extracellular matrix (ECM) and
can activate growth factors, within their
immediate cell  surface
receptors and adhesion molecules (5). These
metalloproteinases constitute an important
family of zinc-dependent endopeptidases
and their activity is regulated by specific
inhibitors known as tissue inhibitors of
metalloproteinases (TIMPs) (5).

Twenty-five members of the MMP family
have been described and classified into five
subfamilies according to their function
and collagenases, gelatinases,
stromelysins, =~ membrane-type = matrix
metalloproteinases (MT-MMPs) and other
MMPs (5).

The structure of MMPs comprises several
domains shared by most of them, which are
necessary for the intracellular movement of
the enzyme to the membrane, and which
are eliminated after the protease is secreted,
as well as a domain with latent enzymatic
capacity (6).

environment,

structure:

Functions of the matrix metalloproteinases

MMPs are a group of enzymes in charge of
the cleavage of the components that make
up the ECM, which are involved in different
physiological and pathological processes that
occur in living tissues. According to their
function within tissues, they can be classified
as: Collagenases, comprising MMP-1, MMP-
8, MMP-13 and MMP-18; which can degrade
interstitial collagen I, II and III, resulting in
denatured collagen or gelatin. MMP-1, which
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is synthesized by macrophages, fibroblasts
and dendritic cells, is in charge of promoting
cell survival. MMP-8, which is synthesized
by neutrophils, shows antitumor and anti-
invasive properties due to its role in hormone
receptor regulation. MMP-13, in turn, is
only secreted by fibroblasts.

Gelatinase A (MMP-2) and B (MMP-9) are
two members of this group shown to, among
other things, degrade the type IV collagen
of the basement membrane (5). MMP-2,
which has a molecular weight of 72 kDa,
also digests collagen I, II and III, and, under
normal conditions, is expressed by the
stromal cells of most tissues (macrophages,
mast cells, fibroblasts, dendpritic, endothelial
and hematopoietic cells). MMP-9, with a
molecular weight of 92 kDa, is nearly absent
in normal tissues and is secreted by dendritic
and  hematopoietic  cells, neutrophils,
macrophages, cells, fibroblasts y
lymphocytes (6).

Stromelysins, which are MMP-3, MMP-10
and MMP-11, digest several components
of the ECM and the basement membrane.
MMP-3 indirectly controls cell migration
and is secreted by lymphocytes, endothelial
cells, dendritic cells and fibroblasts. MMP-
11, which is connected to adipogenesis
processes, is expressed in adipose tissue in
the immediate surroundings of a tumor
process, is a negative regulator of pre-
adipocyte differentiation and reverts mature
adipocyte differentiation, which leads to the
accumulation of peritumoral fibroblast-like
cells, which favors tumor progression (7).

In turn, matrilysins MMP-7 and MMP-26
are structurally the simplest because they lack
a hemopexin domain, which plays a role in
the binding to MMP-specific substrates and
endogenous inhibitors, act on cell surface
molecules and are specifically expressed
by tumor cells of epithelial origin. MMP-

7 is secreted by osteoclasts, macrophages

mast

and endothelial cells, and is involved in
angiogenesis, cell invasion and inflammation
processes.

Membrane-type metalloproteases
(MT-MMP) are part of basement membranes
and play a role in the proteolytic activity of
other MMPs. These can be divided into two
kinds: - Transmembrane proteins: bound to
it through a hydrophobic region, MMP-14,
MMP-15, MMP-16, MMP-24 - Proteins
with  glycophosphatidylinositol ~ (GPI):
MMP-17 and MMP-25. The most studied
of these is MMP-14, which is secreted by
macrophages, fibroblasts, endothelial and
hematopoietic cells, and is involved in the
processes of angiogenesis, adipogenesis and
cell growth.

Aside from the MMPs which are grouped
in families according to their function and
structural similarity, some are in a class of
their own: MMP-12, a metalloelastase that is
mainly expressed by macrophages and affects
their migratory capacity. Elastin is its main
substrate. MMP-20 or enamelysin, digests
the members of the amelogenin family,
extracellular matrix proteins. MMP-22,
whose function remains unknown. MMP-
23, predominantly expressed in reproductive
tissues and lacks a hemopexin domain.
MMP-28, expressed in keratinocytes, plays a
role in hemostasis and wound healing (6).
These functions are especially regulated by
TIMPs, which can be divided into three
kinds. TIMP-1 potentially inhibits the
activity of most MMPs, with the exception of
MT1-MMP and MMP-2, and is synthesized
by neutrophils, lymphocytes, mast cells (7).
TIMP-2 also inhibits the activity of most
MMPs, except MMP-9, and like TIMP-1 it
is synthesized by endothelial, dendritic and
hematopoietic cells. TIMP-3 inhibits the
activity of MMP-1, -2, -3, -9, and of MT1-
MMP (5). All of them are synthesized by

tissue macrophages and fibroblasts.

matrix
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The connection between metalloproteinases
and odontogenesis

There is evidence of the involvement of
MMPs in the process of odontogenesis.
The loss of proteins in the enamel matrix
is known to occur during the maturation
stage of the process, before tooth eruption.
It has been suggested that MMP-1, -2, -3
and -9 proteins contribute to early tooth
morphogenesis. In turn, TIMP-2 and the
gelatinases A (MMP-2) and B (MMP-9) are
co-expressed during tooth morphogenesis.
The balance between MMPs and TIMPs in
the pericellular environment will determine
the most significant proteolytic in tissue
remodeling.

MMP-9 is involved in bone resorption and
the degradation of the basement membrane of
the reduced enamel epithelium during tooth
development, and of the ECM, associated
with tooth eruption (8). Several studies
indicate that MMP-9 binds to amelogenin

CELL
MIGRATION:
MMP-1, 2, 3, 7.

ANGIOGENESIS:

MMP-1,2,7,9,
14,

or both are co-expressed in ameloblasts in
the development of the dental germ. Their
spatial distribution was co-localized in
preameloblasts, secretory ameloblasts, enamel
matrix and odontoblasts (9).

MMPs promote
through the hydrolysis of cadherins, which
intercellular  binding proteins. The
extracellular domain of E-cadherin is cleaved
by MMP-3, -7 and -9, promoting cell
migration, invasion and proliferation. MMP-
2, MMP-3, MMP-9 and MMP-8 (10), in
turn, can cleave several components of the
tissular junction (T]) complex, which favors
these processes. Thus, if ameloblasts were to
maintain the tight cell-cell attachment due
to MMP inactivation, this would result in
dysplasia during the enamel maturation stage
(amelogenesis imperfecta) (11) in the absence
of cell motility.

Therefore, we consider the functions of the
MMPs in the vast majority of the phases and
stages of tooth development (Fig. 1).

can cell movement

are

CELL GROWTH:
MMP-2, 3, 9, 14,

APOPTQSIS:
MMP-7,9, 11.

Fig. 1. The connection between metalloproteinases and odontogenesis We can see the influence of MMPs
on tooth development, and have found that MMP-2 or MMP-9 are involved in all stages. Developed by

the authors.
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The connection between metalloproteinases
and restorative dentistry

Functional polymorphisms in MMP and
TIMP genes can lead to an increase or
decrease in their activity, which would affect
enamel formation and the development of
caries. The development of dental caries is
linked to MMP-2 and -20, which can cleave
amelogenin, the major structural protein
component of the enamel matrix (1). MMP-
2 is not detected in healthy dentinal tubules,
but it is detected throughout the extension
of the carious lesion affecting said structures.
Odontoblasts are presumed to be responsible
for the secretion of MMP-2 in response to a
carious lesion (12).

Upon studying the materials used in dental
restoration, it was found that the hybrid layer
formed by contemporary adhesives is unstable
in aqueous media due to the hydrolytic
degradation of both the resin adhesive and
the collagen fibers. It has been shown that the
endogenous proteases of the dentin organic
matrix can degrade the exposed collagen
fibers together with the hybrid layers if they
are not protected with an adhesive monomer.
MMPs are deemed to be the cause of said
degradation, as that dentin contains MMP-
8, MMP-2, MMP-9, MMP-3, MMP-20
(these are covered by apatite nanocrystals
during the mineralization of dentin, which
makes them immobile and inactive). When
dentin is partially demineralized (whether by
a caries process or by an acid attack caused by
dental materials, lowering pH levels, creating
a favorable environment), the latent forms of
MMP-2 and MMP-9 are activated (13). The
application of synthetic MMP inhibitors on the
dentin surface after acid etching or its addition
to the adhesive system promotes the integrity
and stability of the restoration over time. The
application of 2 % and 0.2 % chlorhexidine
has been suggested for this purpose (14).

The connection between metalloproteinases
and endodontics

Apical lesions, caused after pulp necrosis,
mark an oxidative imbalance coupled with an
increase in the activity of MMP-2 and MMP-
9, which could contribute to the progression
of apical periodontitis (AP). This is also
seen in the gingival crevicular fluid of teeth
with PA, and is resolved to normal levels
with an adequate endodontic treatment (2).
Variations in the levels of MMP-2, -3 and
-9 are associated with untreated periapical
lesions, but root canal therapy has been found
to reduce their expression. A lack of a positive
response to the endodontic treatment is due
to an infection in the root canal system,
remain; microbial

apical lesions

components then induce the production of

where

proinflammatory cytokines, playing a key
role in the destruction of tissue through

MMPs (15).

The connection between metalloproteinases
and periodontics

Certain proteases produced by Treponema
denticola, regarded as a periodontal pathogen
of Socransky’s red complex, are in charge
of activating pro-MMP-2, secreted in their
inactive form by cells in the periodontal
ligament. MMP-2 will cause the fragmentation
of fibronectin, inducing apoptosis or a
suppression of osteoblast differentiation, thus
giving the process a destructive phenotype.
Several  studies suggested  that
Porphyromonas gingivalis could also activate
MMP-2 (16) through its gingipains, also
increasing the migration of monocytes by
increasing the activation and expression of
MMP-9 (17), which indirectly causes tissue
lesions.

have

Since studies have shown an increased
expression and activity of MMP-9 in patients
with periodontitis, in comparison with MMP-

2, it could be considered a predictive indicator

Metalloproteinases (MMPs) of the extracellular matrix in Dentistry

23



of the disease activity (3). A decrease in the levels
of MMP-1, -8, -9, -12 and -13 in the gingival
crevicular fluid has been observed after treating
localized aggressive periodontitis with scaling
and planing, and with systemic antibiotic
therapy, which establishes a correlation with
healthy periodontal tissues. Therefore, it can be
deduced that the presence of said proteases is
detrimental to the periodontium since it favors
a destructive microenvironment (18, 19).
While reviewing the situation of peri-implant
tissue, we found that a connection has been
established between the presence of MMP-
1, -8 and -13 in peri-implant sulcular fluid
and active periods of annual vertical bone
loss. In these cases, MMP-8 is considered as
a possible marker for progressive bone loss in
implants (20).

Upon  studying  patients  undergoing
orthodontic treatment, we found that the
application of orthodontic forces to a tooth
generates tension and compression  sites
in the periodontal ligament, which affects

remodeling of the alveolar bone and gingival
tissue. MMP-1, -8, -2 and -9 have been proven
to be in higher levels in compression and
tension sites. Chemical inhibition of MMP-
9 reduces orthodontic dental movements
(4). Gingival hypertrophy without signs of
inflammation can be caused by a reaction of
the gingival tissue to the mechanical stress
induced by orthodontic forces, triggering
MMP-9 activity, which makes it a marker in
gingival crevicular fluid and gingival tissue for
this situation. MMP-9 levels are higher in case
of chronic gingivitis, but lower than in the
presence of active periodontal disease (21).

The connection between metalloproteinases
and tumors

The presence of these proteases in tooth
development suggests that they participate
in the embryonic development of the dental
organ, which is why various authors have
studied their expression in odontogenic
tumors, as well as in other dysplasias and
pathological processes (5, 6).

EVASION OF
APOPTOSIS:
MMP-7, 9, 11.

METASTASIS:

TUMOR

MMP-3, 9, 10.

CELL
PROLIFERATION:
MMP- 2, 3,9, 14.

INVASION: MMP-

ANGIOGENESIS:
MMP-1, 2,7, 9,
14.

Fig. 2. The connection between metalloproteinases and tumors. We can see the specific functions of each
MMP on tumor development, and have found that MMP-2 or MMP-9 are involved in all stages. Developed

by the authors.
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MMPs are the main mediators in alterations
observed in the tumor microenvironment
during cancer progression. They have a
fundamental role in tumor growth, through
the degradation of connective tissue and the
basement membrane components, and also
through the activation of growth factors,
cell surface receptors for adhesion molecules
and chemokines. This interaction alters the
cellular response, which in turn makes tumor
cells less adhesive and, therefore, more likely
to migrate and result in metastases. MMPs can
play different roles during cancer progression,
depending on the tumor stage (Fig. 2).

In early tumor stages, the MMP-3 and
MMP-7-mediated proteolysis of specific
proteins that bind growth factors contributes
to cell proliferation. MMP-7, in turn, causes
the cleavage of FAS (apoptosis antigen 1)
receptor ligands, thus suspending cellular
apoptotic activity (7). MMP-7 indirectly
modulates the activity of diverse molecules by
cleaving syndecan-1 (transmembrane protein
that contributes to tumor suppression) from
the cell surface. This MMP is expressed by
osteoclasts at the tumor-bone interface,
inducing osteolysis and the resulting bone
metastasis (7).

Afterwards, the cleavage of E-cadherin and
CD44 adhesion molecules by MMP-3
activates tumor cell motility, and facilitates the
formation of metastases. Cell migration and

invasion are very much linked to the presence
of MMP-14 in the cell membrane, and to
the binding of MMP-2 to mesenchymal cell
integrins (22)

The differentiation and accumulation
of peritumoral adipose tissue favors the
progression and survival of cancer cells.
MMP-14 contributes to the coordination of
adipocyte differentiation. On the other hand,
MMP-11, which is expressed in adipose
tissue during tumor invasion, negatively
regulates adipogenesis, thus promoting tumor
progression (7).

The angiogenesis process, which involves the
formation of new blood vessels from pre-
existing ones, enables tumor growth and
is essential for the dissemination of tumor
cells. Most MMPs are involved in tumor
angiogenesis, mostly MMP-2, -9, and -14,
and to a lesser extent MMP-1 and -7. MMP-9
is in charge of regulating the bioavailability of
vascular endothelial growth factor (VEGF), a
potent inducer of tumor angiogenesis, and is
also connected to vasculogenesis (7).
Lymphatic and lymph node
metastases are associated with an increased
expression of MMP-1, -2 and -3 (7).

Fig. 3 summarizes the connection between
the disciplines considered and the MMP
that have a more prominent role. MMP-2 or
MMP-9 were found to be involved in all of
the areas considered in the study.

invasion

DISCIPLINE CONSIDERED
ODONTOGENESIS
CARIOLOGY MMP-2, MMP-20
RESTORATIVE DENTISTRY
ENDODONTICS
PERIODONTICS

ORTHODONTICS RELATED TO
PERIODONTAL CONDITION

ODONTOGENIC TUMORS

RELATED BIOMARKER
MMP-1, MMP-2, MMP-3, MMP-7, MMP-9, MMP-11, MMP-14

MMP-2, MMP-3, MMP-8, MMP-9, MMP-20
MMP-2, MMP-3, MMP-9
MMP-1, MMP-2, MMP-8, MMP-9, MMP-12, MMP-13

MMP-1, MMP-2, MMP-8, MMP-9

MMP-1, MMP-2, MMP-3, MMP-7, MMP-9, MMP-10, MMP-11, MMP-14

Fig. 3. Developed by the authors.
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Conclusion

It is concluded that MMP-2 and MMP-
9 are involved in all of the pathological
processes mentioned above, both during
the development of the dental germ and
through their influence on the proliferation
and invasion of odontogenic tumors, their
participation in the degradation of dental
and periodontal tissues by promoting the
formation of a carious lesion, gingivitis and
periodontitis; confirming that this family
of proteins can play a major role in various
oral biological processes. Moreover, this
means that MMPs are currently considered
significant biomarkers for research in the
different areas of specialization of dentistry.
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