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Abstract: Matrix metalloproteinases (MMPs) belong to a family of zinc-dependent endopepti-
dases belonging to the metzincin superfamily of metalloproteinases. MMPs can degrade most of
the constituents of the extracellular matrix, basement membrane, and inflammatory mediators.
Most of the MMPs are not expressed in normal tissue, but their expression and activity increase
dramatically during wound healing as a result of a change in matrix composition, inflammation,
and repair. Pancreatitis refers to inflammation of the pancreas resulting in an imbalance in its
normal function. MMPs are involved in events like chronic inflammation, fibrosis, and resolu-
tion of the disease. There have been substantial advances in understanding the pathogenesis of
acute and chronic pancreatitis, because of the recent scientific progress in the underlying genetic,
cellular, and molecular pathophysiology. This study will provide an evidence-based review of
the importance of MMPs in pancreatitis.

Keywords: pancreatic stellate cells, acinar cells, extracellular matrix, inflammation, matrix
remodeling

Introduction

The extracellular matrix (ECM), a noncellular component, is present in all tissues and
organs providing vital somatic scaffolding for the cellular components. In addition,
ECM is crucial to initiate biochemical and biomechanical signals that are essential
for tissue morphogenesis, differentiation, and homeostasis."? The biochemical and
mechanical properties of an organ are characterized by the physical and biochemical
characteristics of the ECM. The ECM in the normal pancreas is distributed throughout
the gland but is modest in volume. The ECM is a complex mixture of diverse macromol-
ecules whose structural integrity and functional composition are important to maintain
normal tissue architecture and development.? The ECM consists of two main classes of
macromolecules: fibrous proteins and proteoglycans.** The main fibrous proteins are
collagens, elastins, fibronectins, and laminins.® Collagen, the most abundant fibrous
protein within the ECM of the pancreas, constitutes up to 30% of the total protein
mass. The main and interlobular ducts of the pancreas have thick dense collagenous
walls. The pancreatic stroma that surrounds acini and ducts has both a noncellular
component composed of ECM proteins and a cellular component containing different
cells, such as neurons, endothelial cells, resident macrophages, adipocytes, fibroblasts,
and pancreatic stellate cells (PSCs). PSCs have cytoplasmic lipid droplets rich in
vitamin A and are a rare cell population discovered in close proximity to pancreatic
acini.”® Interstitial collagen and other structural components of the ECM are secreted
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by pancreatic fibroblasts. New evidence suggests that PSCs
are present sparsely in a healthy adult pancreas where they
are considered “quiescent”, and their normal function in the
healthy organ is still a matter of examination. The basement
membrane of the pancreas, a noncellular component which
surrounds acini and ducts, as well as local blood vessels, plays
an important role to support the architecture of these epi-
thelial cells by separating them from the interstitial stroma.’
Thus the pancreatic ECM is composed mainly of collagen
fibers and to a lesser extent elastic fibers.

The tissue microenvironment can be reshaped by degrad-
ing the ECM by extracellular proteases which can also cleave
and activate signaling molecules such as growth factors and
their receptors. ECM remodeling is a crucial process for any
normal physiological tissue development and repair. On the
flip side, many pathological conditions are characterized by
irregular extracellular proteolysis resulting in the tissue mal-
function and destruction. In particular, most of the chronic
inflammatory disorders are a result of extensive extracellular
proteolytic processes. Matrix metalloproteinases (MMPs)
are an important family of metal ion-dependent enzymes
that represent a major class of endopeptidases respon-
sible for degradation and remodeling of ECM components.
MMPs are structurally related and they are divided accord-
ing to their primary substrate specificities: collagenases
(MMPI1, -8, -13, -18), gelatinases (MMP2, -9), stromely-
sins (MMP3, -7, -10, -11), elastase (MMP12), membrane
types (MMP14, -15,-16,-17, -24, -25), and others (MMP19,
-20, -23, -26, -27, -28) based on their putative substrate
specificity and internal homologies.!® Various epithelial and
stromal cells, such as T cells, neutrophils, mesenchymal cells,
macrophages, monocytes, neutrophils, myofibroblasts, kera-
tinocytes, etc., secrete MMPs as latent, inactive zymogens.
Activation of the MMPs usually occurs in the extracellular
space. The ECM proteolysis by MMPs results in pericel-
lular space into which cells can migrate, produce specific
fragments of ECM proteins with independent biological
activity, regulate tissue architecture, activate, deactivate, and
modify the activity of signaling molecules.!! The destruc-
tion of the ECM not only plays a crucial role in pancreatic
diseases but also has been seen in disease progression and
severity in other complex disorders, such as atherosclerosis,
cardiomyopathies, rheumatoid arthritis, kidney disorders,
brain stroke, skin disorders, pulmonary disorders, different
types of cancers, etc.'?

Pancreatitis is inflammation of the pancreas which is a
serious condition that establishes in either acute or chronic
form. Acute pancreatitis (AP) is a short-term inflammation

of the pancreas where the normal function is usually resolved
when the primary causes or factors are eliminated, whereas
chronic pancreatitis (CP) gradually develops over time, result-
ing in permanent pancreatic damage." In modern paradigms
of pathogenesis, AP is a necessary first step to developing
into CP. It is most accurate to think that AP which is a dis-
tinguishable event from that of CP are two distinct entities of
the same pole.'* Fibroinflammatory changes to the pancreatic
tissue are a characteristic feature of pancreatitis, which may
develop in association with alcohol abuse, smoking, gene
mutations, autoimmune syndromes, metabolic disturbances,
environmental conditions, and anatomical abnormalities. The
regenerative response of the damaged pancreas is assumed
to be determined by a balance between newly synthesized
and deposited ECM and degradation of ECM. The major
contributor to the pathogenesis of pancreatitis, especially CP
is pancreatic fibrosis which is the deposition of excess connec-
tive tissue. The role of MMPs in fibrosis is both inhibitory and
stimulating, as some MMPs act to degrade ECM and others
aid in the accumulation of ECM in fibrosis. The end result
would be the accumulation of ECM in fibrosis, which would
be, in part, a condition of deficient proteolysis which would
differ from organ to organ because of different composition of
ECM." The present review aims at highlighting the importance
of matrix metalloproteinases in acute and chronic pancreatitis.

Origin of pancreatitis
What do we really know about the cause of pancreatitis? First,
an injury to the pancreatic acinar, ductal, or mesenchymal
cells in a person causes a normal pancreas to progressively
deteriorate into an end-stage, sclerotic pancreatic remnant
over some period of time. Which of the pancreatic cells are
affected depends on the type of etiological factor. The change
of resident fibroblasts/PSCs into myofibroblasts is caused by
the damage to any one of these tissue compartments of the
pancreas, which is associated with subsequent production
and deposition of ECM, mainly consisting of collagen types
I and 1T and fibronectin.'¢

Alcoholism tops the list of different etiological factors
causing pancreatitis (both AP and CP) in developed coun-
tries!! but several studies suggest that alcohol per se may
not cause pancreatitis. There is a marked heterogeneity in
susceptibility to alcoholic CP (ACP) and clinically signifi-
cant pancreatic disease occurs only in 10% of heavy alcohol
users.??? Ethanol feeding to most animal species (in particu-
lar, rats and mice) even for a long time, with either liquid
diet or continuous intragastric infusion**** does not result
in a noticeable injury to the pancreas.?>?’ Although alcohol
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consumption and tobacco smoking are clearly associated with
CP, the likelihood of an average person developing pancre-
atitis after exposure to either factor is very low. Therefore,
it can be conclusive to say that alcohol is a cofactor in the
development of ACP in susceptible humans.'*?'-23 Therefore
other genetic or environmental factors may contribute to the
development of alcoholic pancreatitis.

Hereditary pancreatitis is a result of germ-line mutations
in the cationic trypsinogen gene, also known as protease,
serinel (PRSST) which is one of the most abundant molecules
produced by pancreatic acinar cells. The most common
mutation in PRSS/ results due to an arginine-to-histidine
substitution, which removes the key site crucial for the rapid
self-destruction of trypsin in solutions. Therefore, trypsin
becomes resistant to inactivation, and the abnormally active
trypsin in the acinar cells results in the progression of AP
and its relapse can lead to CP? The serine protease inhibitor
Kazal type 1 (SPINK1; also known as pancreatic secretory
trypsin inhibitor, PSTT), as the name suggests, inhibits any
abnormal activation of trypsin. The mutation of the SPINK
gene results in loss of this inhibitory function which in turn
escalates the risk of recurrent AP and CP.® Therefore, the
abnormal early activation of trypsinogen within the acinar
cell initiates the zymogen activation cascade resulting in pan-
creatic autodigestion and pancreatitis. Another mechanism by
which bicarbonate secretion in the pancreas may be impaired
is a defect in the cystic fibrosis gene product. Cystic fibrosis
is caused by mutations in the cystic fibrosis transmembrane
conductance regulator (CFTR) gene. CFTR is a key mol-
ecule expressed in the pancreatic ducts in the pathway of
bicarbonate secretion wherein mutations in CF7R gene may
impair this secretion in the ducts which may lead to obstruc-
tion resulting in recurrent AP and CP.* Ductal obstruction
is the primary event and another etiological factor causing
idiopathic CP and cystic fibrosis. Protein precipitation due
to abnormal bicarbonate secretion leads to plugs within the
interlobular and intralobular ducts and are one of the earliest
findings in pancreatitis. If not the initiating event, protein
plugs at least perpetuate inflammation of the gland through
repeated obstruction of the pancreatic duct system. Plugs are
also the nidus for calcification.’! Their clinical importance
is highlighted by the fact that endoscopic removal of plugs
transiently improves the pain in patients with CP.*

A variety of causes can be related to pancreatic inflam-
mation in AP and CP, such as chronic ethanol consumption,
tobacco smoking, duct obstruction, mutations in genes
namely trypsinogen, SPINK, CFTR, chymotrypsin C, and
other genes. If any of the various etiological factors stimuli

are sufficiently strong, an inflammatory response results in
loss of acinar cells and activation and recruitment of PSCs
resulting in the formation of histological CP. Several reitera-
tions of this cycle lead to full-blown clinical CP.¥
Depending upon the morphological characteristics, like
the pattern of fibrosis and the composition of the inflamma-
tory infiltrate, we may try to identify or correlate the etiol-
ogy. For example, the development of interlobular fibrosis or
intralobular fibrosis is determined by the initial site of injury
in the pancreas which in turn is strongly correlated to the
etiological factor.?® Taken together, a number of mechanisms
that are not mutually exclusive may lead to perturbations in
acinar cell function which predispose the gland to autodi-
gestive injury and acute necroinflammation. These changes
sensitize the cell such that in the presence of an appropriate
trigger/cofactor, the overt injury is initiated which in turn
activates PSCs. Pancreatitis whether acute or chronic is an
individualized disease that although driven by the same eti-
ology, may progress rapidly in one patient while developing
slowly and being clinically insignificant in another patient,
presenting the complexities involved in the disease.

PSCs, MMPs, and pancreatitis

PSCs are resident cells of the pancreas, located at the baso-
lateral part of acinar cells. The steps involved in pancreatic
damage, activation of PSCs, and progression to pancreatic
fibrosis have been termed as a necroinflammatory response.
There are three basic mechanisms by which acinar injury
might activate PSCs: mechanical stress, cytokine produc-
tion, and matrix changes. The position of PSCs suggests
that they will be predisposed to mechanical stress if there is
any injury to acinar cells like swelling or deformity of the
acinus. Biochemical response to stretch (mechanotransduc-
tion) is a widely distributed cellular phenomenon®® and has
been described in skeletal, vascular, hepatic, and pulmonary
tissue. Stretch modifies transforming growth factor beta
(TGF-B) production in hepatic stellate cells** and PSCs
have been shown to trigger and proliferate in response to a
change in pressure in vitro.>* PSCs in vitro are activated by a
varied range of proinflammatory cytokines including TGF-j3,
platelet-derived growth factor (PDGF), tumor necrosis fac-
tor alpha (TNF-a), interleukin 1, and interleukin 6. Injured
acinar cells, therefore, have the capacity to activate PSCs both
directly and indirectly, via inflammatory cell recruitment. It
is interesting to find that acinar cells in CP (but not in the
normal pancreas) express death domain receptors for TNF-
related apoptosis-inducing ligand (TRAIL) and activated
PSCs express TRAIL. So it can be hypothesized that TRAIL
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binds to the receptors on acinar cells in the process of inflam-
mation and thus induces them to apoptosis, thereby reducing
their number in areas of pancreatic fibrosis. Conversely, PSCs
also express the death domain receptor P75, the ligand for
which, nerve growth factor, is expressed in acinar cells in CP.
There is, therefore, evidence of extensive crosstalk between
the injured acinar cells and activated PSCs.*

PSCs are sensitive to subtle matrix changes. The release
of digestive enzymes due to the disruption of acinar cells
disturbs the normal matrix as a result of exposure of colla-
gen fibers, which effectively triggers the activation of PSCs.
They assume a myofibroblast-like appearance in response to
stimulation by a plethora of inflammatory infiltrates, such as
pro- and anti-inflammatory cytokines, growth factors (TGF-3
and PDGF), angiotensin II, and reactive oxygen species,
which are released by damaged acinar and ductal cells and
recruited leukocytes.?” Further, activated PSCs in turn pro-
duce autocrine factors, such as TGF-B, PDGF, TRAIL, and
proinflammatory molecules (e.g., cyclooxygenase2).*® Thus
PSCs are adept at performing several biological functions,
such as proliferation, synthesis, migration, and secretion of
ECM, as well as synthesis and secretion of matrix-degrading
enzymes and their inhibitors.

PSCs are particularly important in the remodeling of
the ECM as they are not only involved in the synthesis of
ECM but also in the degradation of its components as well,
thus, implying their key role in the sustenance of the normal
architecture of the healthy pancreas.’® PSCs secrete different
types of MMPs, which aid in ECM degradation.®’ Especially,
MMP1, MMP2, MMP3, MMP9, and MMP13 are shown
to be secreted by PSCs.*'** MMPs have different substrate
specificities; MMP2 and MMP9 primarily degrade gelatin
(type IV collagen), the main collagen present in the basement
membrane, whereas MMP1 and MMP13 degrade type-1 col-
lagen. The secretion of MMP?2 is far greater than MMP13
when induced by ethanol and acetaldehyde. PSCs have also
been shown to secrete tissue inhibitors of metalloproteinases
(TIMPs) that inhibit the activity of MMPs. MMP2 in the
pancreas is primarily inhibited by TIMP2. However, during
inflammation the increase in TIMP2 was considerably less
than the increase in MMP2, resulting in the net increase in
MMP2 activity.* Thus, the amassing fibrotic type 1 collagen
in pancreatitis could be due to these changes in MMPs secre-
tion and inhibition by PSCs.

Types of MMPs

All MMPs have related modular architecture having a
prodomain which is involved in latency, a catalytic domain

important for proteolytic activity, a linker or hinge region
which helps in better flexibility of catalytic region, and a
C-terminal hemopexin-like domain which helps in further
interactions of MMPs with molecules like fibronectin.**
Different MMPs vary structurally in small variations in
these regions resulting in distinct individual functions,
according to which they are categorized into collagenases
(MMP1, MMP8, MMP13, MMP18), gelatinases (MMP2,
MMP9), stromelysins (MMP3, MMP10, MMP11), matri-
lysins (MMP7, MMP26), membrane type MMPs (MMP14,
MMP15, MMP16, MMP17, MMP24, MMP25), and others
(MMP12, MMP19, MMP20, MMP21, MMP23, MMP27,
MMP28). These MMPs are naturally inhibited by the
TIMPs.* Although collagenases and stromelysins have simi-
lar domain arrangements, stromelysins do not cleave intersti-
tial collagens. Matrilysin lacks the linker and hemopexin-like
domain. Furthermore, gelatinases possess an additional
domain with homology similar to that of the gelatin-binding
domain of fibronectin and membrane type-matrix metallo-
proteinases (MT-MMPs) have a furin recognition sequence
at the C-terminus of the pro-peptide.*® Although the primary
structures of MMPs regions have little homology among the
families, the general protein folds are analogous.

Collagenases (MMP |, MMPS8,
MMPI13, MMP18) in pancreatitis

The major component of ECM in interstitial tissue is
fibrillar type I collagen. The major content of connective
tissue is type I collagen, the archetypal fibrillar collagen
which constitutes ~90% of the protein. Collagenases are
characterized for their abilities to cleave triple-helical
regions of interstitial collagens (types I, II, and III) at a
site approximately three-fourths away from the N-terminus.
Four MMPs belong to this subgroup: MMPI1 (interstitial
collagenase/collagenase I), MMP8 (neutrophil collagenase/
collagenase 1), MMP13 (collagenase III), and MMP18
(collagenase IV).*

MMP1, degrades types I and III collagens, and is
one of the vital enzymes in fibrolysis, a process closely
linked to tissue remodeling. In a study by Tang et al in
rat pancreas, MMP1 positive fibroblasts were observed
in the connective tissues surrounding interlobular ducts,
but few of the positive cells could be observed elsewhere
in connective tissues.”* The pancreatic acini and islets
are believed to originate from common ductal precur-
sors. The cells around ducts with MMP1 positive staining
indicated that they could release MMP and dissolve ECM.
Therefore, they may play a central role in the development
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Figure | Matrix metalloproteinases in pancreatitis.

Abbreviations: CFTR, cystic fibrosis transmembrane conductance regulator; MMP, matrix metalloproteinase; MT|-MMP, membrane type-1 matrix metalloproteinase;
PRSSI, protease, serinel; TIMPs, tissue inhibitors of metalloproteinases; SPINK, serine protease inhibitor Kazal.

and differentiation of pancreatic acini. Additionally, the
expression of MMP1 was found in some acinar cells of the
exocrine gland, especially in those of the peripheral areas
of pancreatic lobules. In view of the MMP1 expressing
cells localizing in the peripheral area pancreatic lobules, it
could be inferred that the MMP1 expression in these cells
is related to proliferation and remodeling of the pancreas.
During these processes, the acinar cells may dissolve the
fibers of ECM through synthesis and release of MMP1,
thereby promoting acinar proliferation and remodeling of
pancreatic lobules (Figure 1).

Tasaki et al investigated MMP1 secretion from human
pancreatic periacinar myofibroblasts in response to proinflam-
matory cytokines IL-1[3 and TNF-o and found to be regulated
by the proinflammatory cytokines via the mitogen-activated
protein/extracellular signal-regulated kinase cascade.”® A
study by Li et al on the effect of pancreatic-associated protein
on human PSCs showed an inhibitory effect of MMP1.# In
an experimental rat model of AP study by Miiller-Pillasch
et al, the level of MMP1 remained constant before and after
induction of AP.*° A study by Nakae et al found a significant
association of MMP1 levels in AP. Higher levels of MMP1
were found in patients with more severity.’! However,
our studies in CP patients revealed not only significantly
increased levels of MMP1, but also a higher expressive 2G
genotype at position —1607 of the MMP1 gene promoter.>

A study by Giachino et al revealed high circulating levels
of MMPS in very few patients with pancreatitis.> Another
study by Phillips et al showed MMP13 expression in cultured
PSCs in the medium containing TNF-o and ethanol. MMP13
is known to degrade fibrillar collagen.**

The available information concerning the role of these
collagenases MMP1, MMPS8, and MMP13 in pancreatitis is,
however, limited and would require further studies to under-
stand their functions in the disease pathogenesis.

Stromelysins (MMP3, MMP10,

MMPI1 1) in pancreatitis

MMP3 (stromelysin 1), MMP10 (stromelysin 2), and MMP11
(stromelysin 3) are assigned to this subgroup which degrades
proteoglycans and glycoproteins. MMP3 and MMP10 have
a domain organization analogous to that of collagenases,
but they do not cleave fibrillar collagens. Both enzymes are
secreted from the cell as inactive zymogens and participate
in proMMP activation and digestion of a number of ECM
molecules. MMP11 has a very weak activity towards ECM
molecules.

An increased MMP3 level was found in the earlier stages
of the disease in a rat model of cerulein-induced pancreatitis
compared to later stage onset in a study by Gress et al, in the
later stages, it was found that MMP3 levels were decreased.>
Treiber et al showed MMP10 as one potential protective
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factor attenuating fibrosis on the transcriptional and posttran-
scriptional level in CP by using microarray gene expression
analysis.”” Yet further analyses are needed to identify the
exact role of MMP3 and MMP10 in pancreatic fibrogenesis.

Matrilysins (MMP7, MMP26) in

pancreatitis

The name matrilysin denotes lysis of (ECM) matrix. Matrily-
sin-1 enzyme is the smallest member of the MMP family that
is encoded by MMP7 gene (matrilysin). Previous studies in
CP highlighted the role of MMP7 based on expression data
and immunohistochemical analyses.!! MMP7 is exclusively
expressed in the metaplastic ductal epithelium of CP patients
and has been shown to control acinar cell apoptosis (Figure 1)
through proteolytic release of its pro-apoptotic molecule
Fas ligand.*® Sires et al have reported that MMP7 efficiently
cleaves the basement membrane protein entactin, which
bridges laminin and collagen type IV, thereby proposing the
disruption of basement membranes by inflammatory cells
by the potentially imperative MMP7 during inflammation.®
Crawford et al tested the effects of MMP7 in a mouse model
of human CP and suggested that CP phenotype requires
MMP7 for the transition to pancreatic ductal adenocarci-
noma.*® In a preliminary study, we did not find any significant
difference in the serum levels of MMP7 in CP patients from
that of controls, though we found an association with the
higher expressive GG genotype of the —181 (A/G) promoter
polymorphism of MMP7.% No studies were found which
reported empirical data regarding MMP26/Matrilysin-2 to
be associated with AP or CP.

Gelatinases (MMP2, MMP9) in

pancreatitis

MMP2 (gelatinase A) and MMP9 (gelatinase B) belong to
this subgroup. MMP2 (72 kDa type IV collagenase) is known
to cleave type IV collagen and fibronectin as well as types
V, VII, and XI collagen, and it also degrades gelatin and
laminin. MMP2 is well-documented in most of the studies
till now in pancreatitis. The prime MMP secreted by PSCs
is latent MMP2 which may be profibrogenic in two ways.
First, increased MMP2 would result in abnormal degradation
of normal basement membrane collagen (type IV) which in
turn would enable the deposition of pathological fibrillar
collagen in the acinar gland (Figure 1). Second, at the site
of injury MMP2 may activate quiescent PSCs leading to
abnormal collagen synthesis.** Trypsin which is secreted
by acinar cells has been shown to be an efficient activator of
most proMMPs in vitro.*62

In an experimental model of acute necrotizing pancreati-
tis using arginine in rats, Kihara et al observed that MMP2
mRNA was deposited around disrupted acinar cells and
interstitial spaces during regeneration of acinar cells and not
observed in the regenerated acinar cells after healing, which
was followed by the disappearance of fibronectin. MMP1
mRNA expression did not change throughout the regenera-
tion period.®* An immunolocalization study by Ishihara et al
in surgical specimens of the fibrotic pancreas from patients
with CP showed that MMP2 decomposed type IV collagen
of the basement membrane of the pancreatic ducts in CP.
Release and activation of MMP2 may result in degradation
of the normal basement membrane. However, this may sim-
ply reflect a response to injury as a phase of regeneration
and repair process, as cells responding to injury may need
to degrade the ECM to migrate. In CP, the expression of
MMP2 in ductal epithelia may also reflect the response of
injury. However, repeated injury and prolonged inflammatory
response may lead to aggravation of the injuries of pancre-
atic ducts in CP. Histologically, the basement membrane of
the pancreas exists between the interstitium and the duct,
is mainly composed of type IV collagen and laminin. Any
abnormal disturbances in the basement membrane result in
increased permeability, which stimulates diffusion of active
enzymes into the interstitial spaces and diffusion of calcium
into the ducts. As a result of which protein plugs are formed
within pancreatic ducts which are eventually calcified,
thereby obstructing the pancreatic ducts leading to periductal
inflammation and fibrosis.®

In another study by Choi et al, the intensity of MMP2
staining tended to be lower in the pancreatic ductal epithelial
cells in autoimmune pancreatitis (AIP) than in ACP, which
may lead to the relatively preserved collagen type IV of the
basement membrane in AIP, which may lead to regression
of pancreatic fibrosis after steroid therapy in an earlier stage
of the disease.®® The results of a study by Yamaguchi et al
suggest that long-term increase of gelatinolytic activity of
active MMP2 cause continuous disorganization of type IV
collagen in basement membrane during progressive atrophy
of the pancreatic gland in oleic acid-induced pancreatitis,
and that membrane type 1 (MT1)-MMP and TIMP2 act as
activators during proMMP2 activation.*

MMP9 (92 kDa type IV collagenase) is also known to
cleave Col-IV. The study by Chen et al found that serum
MMP9 levels were significantly increased in patients with
severe AP when compared to those with mild AP and control
subjects, immediately after admission to the hospital. The
MMP9 levels decreased after 2 days after admission.”’ In
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the study by Ishihara et al in CP model, MMP9 seemed to
be less involved in the degradation of Col-IV and laminin
than MMP2.%

Serine proteases such as chymase and trypsin stimulate
both MMP2 and MMP9 in vivo thereby revealing a biological
significance. In mice with AP, trypsin induced the activation
of proMMP2 and proMMP9. ProMMP9, when activated by
endogenous trypsin, was reported to be a permissive factor for
insulin degradation and diabetes.*® Keck et al have revealed
that MMP9 levels correlated with the severity of AP% The
elevated MMP9 may reflect a neutrophilic inflammatory
response in the pancreas, as the major source of MMP9 are
neutrophils.”

MT-MMPs (MMP14,MMPI5,MMPI6,
and MMP24) in pancreatitis

MT-MMPs are membrane associated proteases that majorly
result in recruitment of receptors to the site of injury.
There are six members that belong to this subgroup. Four
of them (MMP14, MMP15, MMP16, and MMP24) are
type I transmembrane proteins whereas the other two are
glycosylphosphatidylinositol-anchored proteins (MMP17
and MMP25). Among them, MT1-MMP (MMP14) is the
most extensively studied and plays a key role in cell migra-
tion and matrix invasion and angiogenesis. MT1 and TIMP2
work as activating factors during proMMP2 activation
(Figure 1), which was shown in a study by Yamaguchi et
al in oleic acid-induced pancreatitis in rats. The formation
of trimolecular complex, MT1-MMP/TIMP2/proMMP2,
was important for cell-mediated activation of proMMP2,
thereby suggesting a unique role of regulation of MMP2 in
cell-matrix interactions.

TIMPs in pancreatitis

Although TIMPs are mainly characterized as inhibitors
of MMPs, they are also known to have a wide range of
activities. TIMP1 is a 28.5 kDa glycoprotein that binds
with all activated MMPs and with the proenzyme form of
MMP9.7"2 TIMP2 is a 21 kDa protein consisting of 194
amino acids and it binds to proMMP2 and proMMP9, to
active MMP2. TIMP2 is considered to play a key role in
controlling the activity of MMP2 in pancreatitis than does
TIMP1. Both TIMPI and TIMP2 bind stoichiometrically
with the activated form of the MMPs in a 1:1 ratio and any
small changes in their level may result in major biological
change in proteolytic activity. TIMPI binds to the activated
forms of MMP1, MMP3, and MMP9 whereas TIMP2 binds
to activated proMMP2 (Figure 1).”*7* Bramhall et al tested

the immune reactivity of acinar and duct epithelial cells
for MMP2, MMP3, and TIMP1 in CP sections and showed
MMP2 and MMP3 to be moderately strong in three out of
five sections, whereas for TIMP1 the epithelial staining was
significant in only one out of five.” TIMP2 was evident in
only PSC secretions at the protein level. Ethanol and acetal-
dehyde also significantly increased the production of TIMP2
by PSCs as seen by Phillips et al.>*

Conclusion

Many studies have demonstrated that MMP-dependent func-
tions are not only limited to ECM turnover during pancreatic
fibrosis but can also stimulate the activation of PSCs, which
in turn results in increased inflammation by activating mul-
tiple cascades of other ECM molecules. Thus understanding
these complex pathways of MMPs in pancreatitis paves the
way to comprehend and analyze the quantitative variation of
MMPs with risk genotype identification in the predisposition
of the disease. This also helps in the correlation of genotypes
to the signals transduced in the regulation of apoptotic and
immune mechanisms. MMPs may thus help in the resolu-
tion of pancreatic fibrosis similar to that found in liver, thus
there is a potential importance in understanding the role of
MMPs in AP and CP.
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