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Matrix metalloproteinases (MMPs) are proteinases capable of degrading components of the extracellular

matrix and numerous nonmatrix proteins. MMPs along with tissue inhibitors of MMPs, have been implicated

in the pathogenesis of liver diseases. Although, the precise mechanism-of-actions of MMPs in various liver

related disorders is largely unknown, however, data from diverse experimental models indicate that these

proteinases influence cellular activities including proliferation and survival, gene expression, as well as

multiple aspects of inflammation. Hence, MMP's are likely key players in the outcomes related to liver

disease. (J Cuin Exp HepaToL 2017;7:367-372)

he liver is one of the vital organs of human body,
which supports nearly every other organ at some
level. Liver is mainly involved in the metabolism
process, including metabolism of macromolecules and
micro molecules, immune response and blood purifica-
tion."? Due to the involvement of liver in metabolic
processes, liver is also exposed to many insults which lead
to an inflammatory response. Liver or hepatic diseases
include a wide range of complex conditions like hepatic
inflammation, fatty liver, hepatitis, liver cirrhosis, fibrosis
and hepatocellular carcinoma (HCC).” Among the major
liver ailments, cirrhosis is the late stage liver disease, which
is caused when healthy liver tissues are replaced by scar
tissue (fibrosis),” further leading to hepatic cancer. Liver is
also known for its regenerative potential, which has been
observed post hepatectomy and also during recovery, post-
ischemic or acute liver injury.S‘G
Matrix metalloproteinases (MMPs) are zinc-dependent
endopeptidases, which are involved in remodeling of
extracellular matrix (ECM) under normal physiological
and pathologic conditions.”®* MMPs are also involved in
the process of liver regeneration along with many liver
diseases including hepatic inflammation, fatty liver,
hepatitis, liver cirrhosis, fibrosis and HCC.” MMPs are
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responsible for the turnover of matrix proteins, including
collagen, gelatin, elastin and fibronectin, as well as non-
matrix substrates like growth factors, chemokines and
adhesion molecules.'’ Although MMPs are well known
for their anti-fibrotic effect due to their ability to degrade
ECM proteins, it has been recognized that MMPs can also
exert pro-fibrotic effect under various pathological con-
ditions. This review aims to explore the canonical and
non-canonical roles of MMPs in liver diseases.

MATRIX METALLOPROTEINASES AND
TISSUE INHIBITORS OF
METALLOPROTEINASES

MMPs are secreted as latent zymogen form and are acti-
vated by proteolytic cleavage by various factors.'' Their
activities and expressions are regulated at different phases
like gene transcription, zymogen activation, enzyme secre-
tion and by their endogenous inhibitors, namely tissue
inhibitor of metalloproteinases (TIMPs).' >

TIMPs is an ancient family with structural and func-
tional diversity. Any disruption in the activity of MMPs
could lead to the development of diseases discussed above.
An imbalance in the expression levels of MMP and TIMP
has been reported to be the cause of various medical
conditions, like tumor invasion, rheumatoid arthritis,
atherosclerosis, aneurysms, nephritis, tissue ulcers, fibro-
sis and endometriosis.”

So far, 28 MMPs have been discovered in vertebrates,
including 23 in humen'® and have been classified on
number basis, MMP1-MMP28.'° MMPs are expressed
in a wide variety of cells like connective tissue, including
fibroblasts, but also in neutrophils, monocytes, macro-
phages, and endothelial cells. The biological activity of
MMPs is mainly regulated at the level of gene transcrip-
tion."” Their essential role in many fundamental physio-
logical events has been observed in tissue remodeling, such
as angiogenesis, bone development, wound healing
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and mammary involution.'®'” Besides degradation of
collagen, MMPs also target several components of
ECM, including degradation of basement membrane cor-
relating its role in cancer and angiogenesis.”’

ECM is composed of macromolecules required for the
purpose of cell adhesion, intercellular interaction, cell
migration, proliferation, and survival. ECM maintains the
cellular infrastructure by scaffolding the cellular compo-
nents and is also responsible for regulating the cell behavior.
Collagen fibers are an integral part of ECM, which provide
the basis for cell adhesion and restrict cell movement. As a
consequence of ECM degradation cells start migrating”'
which is one of the mechanisms followed in cancer cells
invasion and progression. Different MMPs are involved in
the process of ECM degradation, like MMP1, which targets
collagen and MMP9, which targets gelatin.”**’ Different
MMPs use different substrates for their activity; therefore,
substrate specificity has been used as a basis of classification
for MMPs which has been summarized in Table 1.

Recent studies have added new dimensions to the role
of MMPs, which have now shown to have a role in regu-
lating extracellular tissue signaling networks as well as in
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maintaining the homeostasis of several tissues. They have
also shown to contribute to many physiological processes
like bone remodeling, angiogenesis, immunity and wound

healing.”

DIVERSE ROLES OF MATRIX
METALLOPROTEINASES IN LIVER DISEASE

The liver is the central vital organ involved in many
important biological functions like the metabolism of
macromolecules including carbohydrates, proteins, and
lipids. MMPs play a key role in regulating the immune
response via responding to various pathological condi-
tions including alcoholic and non-alcoholic fatty liver
disease (NAFLD), steatosis, cirrhosis, and infection. In
addition to its role in regulating metabolic homeostasis,
liver is also known to have regenerative potential as
observed post-hepatectomy, hepatic injury or infection.
ECM degradation and its remodeling have been
reported to be a major factor for several diseases including
liver cirrhosis and hepatic cancer. MMPs are widely
involved as master regulators in many diseases, cellular

Table 1 Substrate Based Classification of MMPs and the Associated Liver Pathology.

Classification Substrate

of MMPs

Type of
MMPs

Specific role of MMP in liver diseases

MMP8 Col I, 11, NI, VII, VIII, X, aggrecan, gelatin  Promoted leukocyte infiltration in TNF-induced acute hepatitis.?*

MMP2 Expressed during Liver ischemia/reperfusion (IR) injury.>’

Gelatinases Gelatin, Col I, II, I, IV, VII, X

MMP3 Col I, IV, IX, X, XI, gelatin Expressed in hepatocellular carcinoma.”®

Stromelysins

MMP11  Col IV, fibronectin, laminin, aggrecan Expressed in normothermic ischemia injury.?®

49-51

MMP7 Fibronectin, laminin, Col IV, gelatin Expressed in biliary atresia fibrosis.

Matrilysins

MMP14  Gelatin, fibronectin Expressed in highly invasive hepatocellular carcinoma and

expressed in liver fibrosis.>®

Membrane
Type-MMPs

MMP16  Gelatin, fibronectin, laminin Expressed in hepatitis, cirrhosis and hepatocellular carcinoma.>*

MMP24  # Expressed post partial hepatectomy.>®
Others MMP12  Elastin, fibronectin, Col IV #
MMP22  # #
MMP28  # #
#: not reported.
368 © 2017 INASL.
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invasion, and attachment, as well as immune responses
and regeneration.36 Primarily, all MMPs are involved in
ECM degradation in a canonical manner. However, stud-
ies performed by different groups provide evidence that
MMPs are also involved in many other biological processes
in a non-canonical fashion, for instance, activation of
human hepatic stellate cells (HSCs).”*

The non-canonical role of different MMPs has been
described in the next section, which implicates MMPs
versatile characteristic nature.

Collagenases

Matrix metalloproteinase-1 (MMP-1) also known as inter-
stitial collagenase or fibroblast collagenase has a role in the
regression of liver fibrosis in rodents. However, in humans
MMP-1 is known to enhance tissue fibrosis in non-
alcoholic steatohepatitis (NASH), which suggests that
MMP-1 might contribute to the repair and regeneration
of liver. Matrix metalloproteinase-8 (MMP-8), also known
as collagenase-2, is considered to be a hallmark for liver
cirrhosis in alcoholics. MMP-8 activity and concentrations,
along with MMP-2 and MMP-9 have been reported to be
high in patients with Liver cirrhosis (stage C).”” Studies
performed on MMP8 knockout mice suggest that the
MMP8 deficient mice were unaffected against TNF-
induced acute hepatitis.”® Matrix metalloproteinase-13
(MMP-13) also known as collagenase-3, is expressed in
acute liver injury. It has also shown to have an anti-fibrotic
effect due to persistent fibrosis observed in Mmp13—/—
double knockout mice. It also plays a role in supporting
hepatocyte proliferation and repair as reported by Endo
and co-workers.””

Gelatinases

Matrix metalloproteinase-2 (MMP-2), also known as gelat-
inase A, is involved in ECM remodeling.27 MMP2 is
secreted as a proenzyme and activated by membrane
type-MMPs (MT-MMP), such as MT1-MMP. In liver fibro-
sis, MMP-2 is highly expressed in myofibroblasts and
believed to have a profibrogenic role.”® Matrix metallopro-
teinase-9 (MMP-9), also known as Gelatinase-B is expressed
by leukocytes in liver ischemia and reperfusion injury (IRI).
MMP-9 is a multi-faceted metalloproteinase having a role
in impairing liver regeneration, post liver IRL* The activity
of MMP-2, a member of gelatinase family of MMPs, is
inversely proportional to the MMP-9 activity. Lack of
MMP-2 also leads to spontaneous leukocyte infiltration
in naive livers, and amplified MMP-9-dependent transmi-
gration of leukocytes in vitro and after hepatic IRL.*"

Stromelysins

Matrix metalloproteinase-3 (MMP-3), also termed as stro-
melysin-1, is known for its degrading activity against
collagens, proteoglycans, fibronectin, laminin, and elastin,

hence regulating matrix remodeling. MMP-3 plays a vital
role in activating MMP-1, MMP-7, and MMP-9 explaining
its involvement in connective tissue remodeling.

MMP3 expression regulates the induction of liver cir-
rhosis in rats.®! It has been suggested that MMP3 is also
involved in the hepatocyte growth factor-induced invasion
of human HCC cells.**

Membrane-Type Matrix Metalloproteinases

Matrix metalloproteinase-14 (MMP-14) also known as
Membrane Type-1 MMP is associated with leukocyte
recruitment in liver IR.>> MMP-14 is also noticed to be
expressed in highly invasive HCC. Matrix metalloprotei-
nase-15 (MMP-15) also known as Membrane Type-2 MMP
is downregulated after partial hepatectomy. Matrix metal-
loproteinase-16 (MMP-16) also known as Membrane
Type-3 MMP is mainly expressed in hepatitis as well as
in cirrhosis and HCC. MMP25—matrix metalloproteinase-
25 (MMP-25) is a membrane-type MMP (MT-MMP)
attached to the plasma membrane via a glycosylphospha-
tidyl inositol bond. MMP-25 has also been found to
be involved in tumor invasion and metastasis through
activation of MMP.**?° As a response to inflammation,
MMP-25 attenuates alpha-1 proteinase inhibitor, a major
tissue protectant against proteolytic enzymes released by
activated neutrophils, facilitating the trans-endothelial
migration of neutrophils to inflammatory sites.”” %7

Matrilysin

MMP7—matrix metalloproteinase-7 (MMP-7), also known
as matrilysin, is primarily associated with tissue remodel-
ing during biliary atresia associated liver fibrosis.*>*'
MMP?7 expression has been observed to be upregulated
in many human primary cancers like breast, lung, prostate
and ovarian cancer. Upregulation of MMP7 has also been
observed in benign and malignant colorectal tumors.” "

Metalloelastase

MMP12—matrix metalloproteinase-12 (MMP-12,) also
known as metalloelastase, is primarily expressed in nor-
mothermic ischemia injury. MMP12 is involved in the
degradation of elastin in hepatic fibrosis and liver
injury.** *® Ratio of MMP-12 to its inhibitor (TIMP-1)
also regulates elastin turnover. MMP12 also regulates
inflammation and IL-13 induced hepatic fibrosis.””*®

Other Matrix Metalloproteinases

Matrix metalloproteinase-19 (MMP-19), also known as
MMP-RASI, is considered to be pro-fibrotic in the initial
phase of post-injury and anti-fibrotic in the late phase.
MMP-19 has been reported to promote TGF-[3 signaling
in the development of liver fibrosis. However, Mmp19—/—
mice were shown to have reduced liver fibrosis as com-
pared to the controls.”
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Figure 1 Role of MMPs in different liver relate diseases.

Studies performed on zebrafish suggest that Matrix
metalloproteinase-23 (MMP-23) has a role in the develop-
ment of liver and hepatocyte proliferation via activating
TNF pathway.so’51

Matrix  metalloproteinase-28  (MMP-28)  activity
increases with alcohol-mediated hepatocyte damage and
up-regulates further with inflammation progression and
liver diseases.’®>° An increase in MMP-9 activity has been
noticed in the alcohol induced liver damage, due to the
production of oxidative stress and inflammatory
response.‘%’57 Alcohol also leads to increased nuclear
translocation of nuclear factor kappa-B (NFkB) and
increases degradation of NFkB in hepatocytes.”®”” AP-1
mediated signaling network also gets activated under
chronic alcoholic conditions which as a consequence lead
to the regulation of MMPs at the transcriptional level 0

CONCLUSION

MMPs are not only restricted to ECM degradation but are
also found to possess a non-canonical role in multiple
biological activities including diseases like angiogenesis,
cirrhosis, wound repair and cancer. For example, MMP1
and MMP?7 roles have been investigated during injury, and
found to support re-epithelialization, facilitating wound

370

repair by breaking down different ECM components.
MMP1 has also been found to have a role in regulating
smooth muscle cells de-differentiation through protease-
activated receptor-1 (PAR-1).°" Similarly, MMPS8 has been
reported to play role in the activation of HSCs in a non-
canonical fashion.*’Recently, MMP13 have been reported
to work as an agonist for PAR1. Studies performed in the
area of cardiovascular development showed that inhibi-
tion of MMP13 could avoid harmful cardiac effects.

On the other hand, MMPs like MMP2, 9 and MT1-
MMP have been found to regulate bone development and
cellular homeostasis. The imbalance between MMPs
expression and their endogenous inhibitors could be mas-
ter regulators in some of the diseases and therefore MMPs
expression should be properly balanced.
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