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Matrix metalloproteinases and their inhibitors in non-
neoplastic otorhinolaryngological disease
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Abstract
Matrix metalloproteinases (MMPs) are a family of zinc and calcium-dependent endopeptidases that play
a key role in extracellular matrix (ECM) degradation. MMPs are known to be important in normal
remodelling processes. Overexpression and activation of MMPs or an imbalance of active MMPs and
tissue inhibitors of metalloproteinases (TIMPs) has been linked with a number of specific disease states
associated with the breakdown and remodelling of the extracellular matrix. MMPs and TIMPs play a role
in the development and progression of conditions such as acute and chronic otitis media, nasal polyposis
and Sjogren’s disease of salivary glands. Their role in allergic rhinitis has not been proven although they
do appear to have a role in asthma, a condition closely linked to rhinitis. The use of a broad spectrum
MMP inhibitor has been shown to alter the outcome of acute otitis media and otitis media with effusion.
Therapeutic strategies with anti-MMP molecules are currently being developed and may play a role in
modulating the course of non-neoplastic otorhinolaryngological disease in the future.
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Introduction
Matrix metalloproteinases (MMPs) are a family of
zinc and calcium-dependent endopeptidases that
play a key role in extracellular matrix (ECM)
degradation.1 They are capable of breaking down all
the constituents of ECM including collagen, elastin,
proteoglycans, laminin and fibronectin. They are
produced by a range of stromal cells, macrophages
and neutrophils.2

MMPs are known to be important in normal
remodelling processes. Overexpression and
activation of MMPs or an imbalance of active MMPs
and tissue inhibitors of metalloproteinases (TIMPs),
has been linked with a number of specific disease
states associated with the breakdown and
remodelling of the extracellular matrix, such as
rheumatoid arthritis, periodontal disease, tumour
invasion and metastasis, and vascular processes such
as atherosclerosis, angiogenesis and aneurysms.3–5

There is increasing evidence that MMPs do more
than degrade extracellular matrix. They also act
upon non-matrix proteins, such as cytokines,
chemokines, surface receptors and antimicrobial
peptides, often potentiating the activity of these
proteins.6

There is strong evidence that at least some
members of the MMP family play a crucial role in
the infiltrative growth process of squamous cell

carcinomas of the head and neck.7 It has been
demonstrated that activity and expression of MMPs
is increased in head and neck squamous cell
carcinoma and there is some evidence that elevated
levels of some MMPs correlate with more aggressive
tumour growth and poor prognosis.8–10

In this article, the role of MMPs and their
inhibitors in non-neoplastic otorhinolaryngological
disease is explored.

Matrix metalloproteinases
There are at least 26 known MMPs, which are
grouped according to their substrate specificity.11 The
collagenases include MMP-1, MMP-8 and MMP-13,
the stromolysins comprise MMP-3, MMP-10 and
MMP-11 while the gelatinases, MMP-2 and MMP-9
are the most widespread. However, there is some
crossover between these groups in terms of activity
upon the various substrates. For example, MMP-2,
which is primarily a gelatinolytic and type IV
collagen degrading enzyme is also effective against
fibrillar type I collagen.12

MMPs are secreted as inactive pro-enzymes. They
have three distinct domains: a zinc-containing
catalytic domain, an amino-terminal pro-peptide
domain containing a cysteine residue that chelates
the zinc ion in the catalytic domain and holds the
enzyme in a latent pro- form, and a carboxy-terminal
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haemapexin-like domain that contributes to
substrate recognition. They require proteolytic
cleavage of the N-terminal peptide for activation.13

Regulation of synthesis, secretion and activity
MMPs are regulated at multiple levels including gene
transcription, activation of the latent enzyme and
inactivation by specific inhibitors, the tissue inhibitors
of metalloproteinases (TIMPs).Deregulation of MMPs
has been implicated in the abnormal matrix
degradation leading to tissue damage in tumour
invasion and metastasis, rheumatoid arthritis and other
inflammatory disorders.

Gene transcription
Most MMPs are expressed by many different cell types.
Expression of the MMP gene is controlled at the
transcriptional or post-transcriptional level. The
expression of MMP genes can be modified by a variety
of physiological and pharmacological signals including
bacterial endotoxin, hormones, cytokines and growth
factors.14

In general, MMP expression is up-regulated by
interleukin-1 (IL-1), tumour necrosis factor-� (TNF-�),
transforming growth factor-� (TGF-�), epidermal
growth factor (EGF) and platelet derived growth
factor (PDGF). On the other hand, expression of
MMPs is down-regulated by interferon-�, (IFN-�),
transforming growth factor-� (TGF-�), and
glucocorticoids.15 There are differences, however,
between the MMPs in terms of their inducibility by
cytokines and growth factors.

All MMPs are synthesized as quite large
pre-pro-enzymes inside the cell.Most are secreted from
the cells as inactive pro-enzymes. These pro-enzymes
require activation before they can become fully active.

Pro-enzyme activation
Latency of MMPs is maintained by the link between
the cysteine residue in the pro-peptide domain to the
zinc atom of the active site. Activation occurs by
dissociation of this cysteine-zinc bond, allowing a water
molecule to complex with the zinc atom enabling the
enzyme to become catalytically active.16

In vitro, this activation can occur by using a variety of
proteinases such as plasmin trypsin and neutrophil
elastase. Chemical dissociation can also be brought
about by some organomercury compounds and
reagents such as sodium dodecylsulphate.3

Many enzymes have been suggested to play a role in
MMP activation, for example mast cell proteinases. As
well as this, some MMPs are able to initiate activation
of other latent MMPs.

Tissue inhibitors of metalloproteinases 
Tissue inhibitors of metalloproteinases, or TIMPs, are
low-molecular-weight endogenous inhibitors of the
protease activity of MMPs.17 They are locally active and
widely distributed. They neutralize MMP activity via
interaction of their N-terminal domain with the
catalytic site of the MMP. Four mammalian TIMPs
have been cloned, purified and characterized.

Individual members of the TIMP family may possess
selective affinities for different members of the
matrix metalloproteinase family. For example,
TIMP-2 is 10-fold more effective than TIMP-1 at
inhibiting activated MMP-2.18

The regulatory role of TIMPs is more intricate
than just blocking the active site of activated MMPs.
Most MMPs only interact with TIMPs after
activation. However, MMP-2 and MMP-9 can be
secreted as bimolecular complexes with TIMP-2 and
TIMP-1 respectively and hence TIMPs may also
influence pro-MMP activation.11

Role of MMPs
Extracellular matrix degradation
The main recognized role of MMPs is in the
degradation of extracellular matrix components.
MMPs can act upon a variety of protein substrates
and may indeed act upon different substrates under
different circumstances. This activity is important in
the inflammatory response to trauma, infection, toxic
or autoimmune conditions. Degradation of the
basement membrane allows cell migration which is
an integral component of inflammation.

It is becoming increasingly clear, however, that
MMPs also influence the inflammatory response by
their actions on chemokines, cytokines and other
receptors.

MMPs and chemokines
Chemokines are a group of chemotactic molecules
that specifically attract and recruit populations of
immune effector cells to the sites of inflammation.
Many studies have demonstrated that specific MMPs
control chemokine activity. This may either be a
direct interaction between the MMP and the
chemokine molecule or indirectly via its effect upon
other substrates that influence chemokine activity.6

An example of a direct interaction is that of
monocyte chemoattractant protein-3 (MCP-3). This
has been identified as a physiological substrate of
MMP-2. Cleaved MCP-3 binds to the same CC-
chemokine receptors as uncleaved MCP-3 but it no
longer promotes chemotaxis; instead it acts as a
chemokine antagonist that dampens inflammation.
This suggests that matrix metalloproteinases are
both effectors and regulators of the inflammatory
response.19

In contrast, MMPs can act indirectly  by regulating
the formation of chemokine gradients. This is by
binding to subtrates that would normally be bound
by chemokines. The net result of this type of
interaction is often the opposite of the direct effect.

MMPs and cytokines
Cytokines function in mediating inflammation and
repair processes. As already mentioned, the
production and activation of MMPs can be affected
by various cytokines. In addition, MMPs have a role
in modulating cytokine activity. The various groups
of MMPs including their specific substrates and
activity are described below.
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Collagenases
Of the three MMPs (MMPs 1, 8 and 13) known to
break down type I collagen, MMP-1 appears to be
the most widespread. It is known to be expressed by
many different tissues including fibroblasts,
keratinocytes, endothelial cells, macrophages and
others.15

MMP-1
MMP-1 (collagenase 1) is produced by synthesis in
response to specific stimuli. It is not stored
intracellularly, but is secreted as the pro-enzyme,
which then undergoes extracellular activation. In its
activated state it occurs both as a 42 kDa and a
glycosylated 46 kDa form.3 It is fairly widespread
and degrades collagens I, II, III, VII, VIII, X and
gelatin. It also activates pro-MMP-9.

MMP-8 
MMP-8 (collagenase 2, neutrophil collagenase) has
substrate specificity for native collagens including
types I, II and III.20 MMP-8 was originally thought to
be confined to polymorphonuclear leucocytes
(neutrophils, PMN), stored in granules and secreted
upon activation.21 Recent studies showed that MMP-
8 is also expressed in other cells, such as
osteoarthritic chondrocytes,22 synovial fibroblasts
and endothelial cells.23 MMP-8, like other members
of this gene family, is secreted as the precursor form.
MMP-8 activity is inhibited by the binding of TIMP-
1 or TIMP-2 in a 1:1 molar ratio.

MMP-13
MMP-13 (also known as collagenase-3) has a more
restricted pattern of expression within connective
tissue, and is usually produced only by cartilage and
bone during development, and by chondrocytes in
osteoarthritis.24

Gelatinases
MMP-2
MMP-2 (Gelatinase A, 72 kDa Gelatinase,
Collagenase Type IV-A) is probably the most widely
distributed MMP and is expressed by many cell types
including fibroblasts, lymphocytes and numerous
tumour cell lines.15 It is also secreted from
endothelial cells, neutrophils and macrophages. It
specifically cleaves type IV collagen, the major
structural component of basement membranes.

The 72 kDa form is inactive and is secreted as a
latent pro-enzyme, which may be complexed with
tissue inhibitor of metalloproteinase-2 (TIMP-2).
Like other members of the collagenase family, this
enzyme complex must be converted to a catalytically
active form for proteolytic remodelling of
extracellular matrix to occur.25 This occurs by
cleavage resulting in a 62 kDa activated enzyme.

MMP-2 acts upon pro-IL-1�, pro-TGF-�226 and
pro-TNF-�. It also acts upon pro-MMP-1, pro-MMP-
9, and inactivates substance P.

MMP-9
MMP-9 (Gelatinase B, 92 kDa Gelatinase) is
produced by macrophages and granulocytes as well
as T-cells, dendritic cells, epithelial cells, fibroblasts,
keratinocytes and osteoblasts. Activation of
neutrophils by IL-8 induces the release of MMP-9.27

Non-neutrophil pro-MMP-9 is secreted
complexed with TIMP-1, which binds via a C-
terminal domain.28 In neutrophils, pro-MMP-9 is
secreted as a non-complexed monomer. When pro-
MMP-9 is present in excess of TIMP-1, it can form a
TIMP-free homodimer but this complexing is
prevented when TIMP-1 is in excess.28

MMP-9 acts upon pro-IL-1�, pro-TGF-�226 and
pro-TNF-�. It truncates and potentiates IL-8 and
inactivates IL-1�.

Stromolysines, stromolysine-like MMPs and
membrane-type MMPs
Stromolysines comprise MMP-3 (stromelysin-1),
MMP-10 and MMP-11.14 They act upon substrates
such as fibronectin, laminin, collagens IV, V, IX, X,
elastin, pro-MMP-1 and pro-MMP-9. MMP-3 has
been studied in cholesteatoma.

Stromolysine-like MMPs consist of MMP-7
(matrilysin), MMP-12 (macrophage metalloelastase)
and MMP-26 (matrilysin-2).14 Membrane-type
MMPs include MMP-14, MMP-15, MMP-16, MMP-
17, MMP-24 and MMP-25. They are different from
the remaining MMPs in that they are membrane-
anchored and have a cytoplasmic tail. They activate
other MMPs, mainly MMP-2.29 They can regulate
pericellular proteolysis very efficiently by
concentrating proteolytic activities in the vicinity of
the cell surface. MMPs 7, 10, 11, 12 and membrane-
type MMPs have not been investigated with regard
to benign ear and nose disease.

MMPs and ear disease
Acute otitis media
Acute otitis media is characterized by bacterial or
viral inflammation of the middle-ear mucosa. Both
human and bacterial proteases are known to play a
role in the pathogenesis of otitis media.

MMPs are produced by Pseudomonas aeruginosa,
Staphylococcus aureus and other bacteria that are
implicated in the pathogenesis of acute otitis
media.30 In a study of the inhibitory effect of
ilomostat (a broad spectrum MMP-inhibitor), it was
shown that ilomostat led to greater protease
inhibition in samples of middle-ear otorrhoea when
the history was less than one week or when there was
isolated P. aeruginosa infection. Thus it was felt that
early on in the infective process when the host
inflammatory response is not so intense, bacterial
proteases were more likely to be active than human
ones.31

Bacterial endotoxin has been demonstrated to
cause a rise in MMP-9 but not MMP-2 expression in
the host cells.32 Leucocyte-derived proteases including
some MMPs may help to prevent or eradicate
bacterial infection but they may also contribute to
tissue damage leading to sequelae or persistence.31
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Otitis media with effusion
Otitis media with effusion is characterized by
persistence of fluid in the middle-ear cleft. Theories
abound as to its cause but it is most widely accepted
to be a sequela of infection.

In a study of MMPs in middle-ear effusions, it was
demonstrated that MMP-2 and MMP-9 activity was
higher in thick than in thin effusions.33 It was also
shown that MMP-2 concentration correlated with
the chronicity of disease as judged by the number of
ventilation tubes inserted previously while MMP-9
concentration did not. The authors surmised that the
digestion of basement membrane collagen mediated
by MMP-2 might contribute to the damage leading
to otitis media with effusion.

Local administration of MMP inhibitors has been
shown to improve outcomes in an animal model of
otitis media with effusion.34 In a recently published
study by Antonelli et al., significant levels of total
MMP activity were found in 52 per cent of middle-ear
effusions tested and ilomostat inhibited 64 per cent of
MMP activity.35 Thus, MMPs produced by cells within
the middle-ear mucosa as a result of a prolonged
inflammatory response, may affect the chronicity and
characteristics of middle-ear effusions.

Cholesteatoma
The matrix of cholesteatoma demonstrates
proteolytic activity that mediates the destructive
processes that characterize this condition. In a study
comparing gelatinolytic activity of cholesteatoma,
middle-ear granulations and deep meatal skin, there
was significantly higher activity at 45–47 kDa
corresponding to MMP-1 in the cholesteatoma and
middle-ear granulations than in controls (deep
meatal skin). All of the cholesteatoma and middle-
ear granulations were positive on Western blotting
for MMP-1.36 Zymographic analysis revealed a
highly heterogeneous expression of MMP-2 and
MMP-9 in cholesteatoma specimens. MMP-9, but not
MMP-2, was increased in cholesteatoma when
compared to deep meatal skin samples.37

By immunocytochemistry of cholesteatoma-
cryosections, the expression of MMP-2, MMP-9 , and
MMP-3 (stromelysin-1) was strictly confined to the
basal and suprabasal cell layer of the cholesteatoma
epithelium. The neutrophil collagenase (MMP-8)
showed a more disseminated expression in the
epithelium and the granulation tissue as well. The
tissue inhibitor of metalloproteases, TIMP-1, could
be detected only in very limited areas of the
granulation tissue in a quite random manner.38 It was
also demonstrated that there was no detectable
expression of metalloproteinase activity in normal
tympanic membrane or in middle-ear mucosa.

In another study of macrophage migration
inhibitory factor39 (MIF) in cholesteatoma, MMP-3
and MMP-9 expression were found to correlate with
MIF expression in infected cholesteatomas, while
MMP-2 expression did not. MMP-3 has the potential
to activate pro-MMP-9 into MMP-9.40 It is
interesting to note that while the activation of both
MMP-3 and MMP-9 is mediated by distinct

cytokines and the urokinase/plasminogen/plasmin
system, pro-MMP-2 activation is mediated by the
membrane-type MMPs (MT-MMPs) and not by
cytokines.41

It was felt by Wilmoth et al. that inflammatory
mediators produced by bacteria (i.e. endotoxin)
might stimulate a host response that includes
expression of cytokines (e.g. TNF-�) and ultimately,
MMPs. When they cultured gerbil tympanic
membranes with lipopolysaccharide (LPS, the active
component of bacterial endotoxin), they found TNF-
� and MMPs primarily in the culture media
supernatant, not in homogenized tympanic
membranes. This led them to surmise that TNF-�
and MMPs are secreted into surrounding tissues,
such as the extracellular matrix, after their
production. Localization of these inflammatory
mediators in the extracellular matrix could facilitate
destruction of the lamina propria and progression of
atelectasis.42

MMPs and nasal disease
Nasal polyps
The processes underlying the development of nasal
polyposis remain unclear. In most cases, the lamina
propria of nasal polyps demonstrates large numbers
of eosinophils and lymphocytes. The inflammation
leading to nasal polyposis is mediated by
neuropeptides, cytokines, and growth factors
produced by these cells. In addition, fibroblasts,
epithelial, and endothelial cells contribute to the
regulation of the inflammatory response in nasal
polyps.

It appears that MMPs also contribute towards this
process. In a study comparing nasal polyps with
normal nasal mucosa, zymography and quantitative
image analysis showed that MMP-9 active forms
were significantly increased (p < 0.05) in nasal
polyps compared to control nasal mucosal
specimens, while MMP-2 expression was similar in
both tissues.43 Concomitant studies of gelatinase
immunoexpression showed that MMP-9 expression
was enhanced (4- to 16-fold) in surface epithelium,
glands (p < 0.05), and submucosal inflammatory
cells (p < 0.05). In addition, MMP-9 positivity was
markedly increased in endothelial cells (p < 0.01).
These results suggest up-regulation of active 
MMP-9 in the glands and vessels characteristic of
nasal polyps.

MMP-9 up-regulation could be achieved by
various molecules, such as plasminogen activators or
TNF-�, already detected in nasal polyposis.44,45

Circulating eosinophils do not express detectable
MMP-9 while the eosinophils infiltrating nasal
polyps express MMP-9.46

It has been surmised that MMP-9 produced by
inflammatory cells in nasal polyps, by degrading
components of endothelial basement membrane,
could increase microvascular permeability, leading
to oedema and cell transmigration.46 MMP-9 could
also facilitate epithelial and endothelial cell
migration observed during polyp development and
growth.
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Allergic rhinitis 
Allergic reactions involve both early and late-phase
responses. The early phase of allergic rhinitis is
based upon interactions of allergen with membrane-
bound allergen-specific IgE on the surface of
mediator cells, i.e. basophils and mast cells, leading
to the release of allergic mediators (both performed
and newly synthesized) including histamine,
leukotrienes, and eosinophil cationic protein
(ECP).47 Further mediators include prostaglandins,
bradykinin and platelet activating factor (PAF).
There is good evidence that these agents mediate
the immediate allergic response. They cause
vasodilatation and increased vascular permeability,
stimulation of mucus secretion and stimulation of
afferent nerves.

Late-phase responses are characterized by T-
lymphocyte activation. When antigen is presented
to naïve Th0 cells, they may differentiate into Th1
or Th2 cells. Th1 cells regulate cell mediated
defence against tumours, mycobacterial and fungal
infections, and Th2 cells are involved in non-
phagocytic host responses such as the allergic
response. In the presence of IL-4, antigen
stimulated T-cells differentiate into Th2 cells. Th2
cells produce a range of cytokines including IL-3,
IL-4, IL-5, IL-6, IL-9, IL-10 and IL-13. This cytokine
profile attracts and activates eosinophils and mast
cells as well as inhibits the Th1 response.48 Th2
cytokines negatively regulate protease balance by
limiting the production of MMP-9 while enhancing
the production of TIMP-1.49

It has been shown that human mast cells produce
MMP-9.50 The levels of MMP-9 in nasal lavage fluid
have been shown to rise immediately in response to
nasal challenge with allergen extract.51 However, in
another study, there was no significant difference
between the expression of MMP-9 RNA in the nasal
mucosa in allergic and non-allergic participants who
were not subject to allergen challenge.52 Thus, it may
be that MMP-9 has a clear role in the early phase of
allergic rhinitis being degranulated along with other
mediators from mast cells, while in the late phase
there is a more complex interaction between MMP-
9, Th2 cytokines, mast cells and eosinophils.

There is more information available regarding the
role of MMP-9 in asthma, a condition with many
similarities to allergic rhinitis. MMP-9 is the
predominant MMP in the airway of asthmatics.13 In
comparison to normal controls, patients with stable
asthma have increased MMP-9 levels in sputum,
bronchoalveolar lavage fluid and in cultures of
alveolar macrophages.53 Studies performed during
asthma exacerbations have also shown enhanced
expression of MMP-9 with a return to lower levels
after therapy and disease stabilization. After
treatment with glucocorticoids, the MMP-9 levels
decreased but TIMP-1 levels increased resulting in a
net decrease in the MMP-9/TIMP-1 ratio.54,55

Further studies are required to improve our
understanding of the role that  MMPs play in allergic
rhinitis.

MMPs and benign salivary gland disease
Sjogren’s syndrome
It is thought that cytokines and growth factors effect
tissue destruction in autoimmune diseases via the
regulation of MMP levels. There is no significant
difference in levels of MMP-2 in salivary glands of
patients with Sjogren’s syndrome and controls.56

However, MMP-9 levels in saliva of patients with
Sjogren’s syndrome are higher than in normal
controls.57 The levels and presence of active forms of
MMP-9 increase with increasing severity of
disease.58

It is therefore felt that MMP-9 plays a crucial role
in the increased remodelling and/or structural
destruction of the basement membrane scaffolding
in salivary glands in Sjogren’s syndrome. Due to the
role of basal lamina as an important molecular sieve
and extracellular matrix-cell signal, these
pathological changes may contribute to the
pathogenesis of the syndrome.

Conclusions
These data indicate that MMPs and TIMPs play a
complex role in the development and progression of
conditions such as acute and chronic otitis media,
nasal polyposis and Sjogren’s disease of the salivary
glands. Future studies are required to further explain
the part that they play in the pathogenesis of
conditions such as allergic rhinitis.

It has also been demonstrated that the use of an
MMP inhibitor can alter the outcome of acute otitis
media and otitis media with effusion. As therapeutic
strategies with anti-MMP molecules are currently
being developed,59 local control of the release and/or
activation of MMPs may be another strategy for the
treatment of conditions in which disordered
activation of MMPs plays a role.
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