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a b s t r a c t

Matrix metalloproteinase (MMP) plays an important role in homeostatic regulation of the extracellular
environment and degradation of matrix. During liver fibrosis, several MMPs, including MMP-2, are up-
regulated in activated hepatic stellate cells, which are responsible for exacerbation of liver cirrhosis.
However, it remains unclear how loss of MMP-2 influences molecular dynamics associated with fibrogen-
esis in the liver. To explore the role of MMP-2 in hepatic fibrogenesis, we employed two fibrosis models in
mice; toxin (carbon tetrachloride, CCl4)-induced and cholestasis-induced fibrosis. In the chronic CCl4
administration model, MMP-2 deficient mice exhibited extensive liver fibrosis as compared with wild-
type mice. Several molecules related to activation of hepatic stellate cells were up-regulated in MMP-2
deficient liver, suggesting that myofibroblastic change of hepatic stellate cells was promoted in MMP-
2 deficient liver. In the cholestasis model, fibrosis in MMP-2 deficient liver was also accelerated as
compared with wild type liver. Production of tissue inhibitor of metalloproteinase 1 increased in
MMP-2 deficient liver in both models, while transforming growth factor b, platelet-derived growth factor
receptor and MMP-14 were up-regulated only in the CCl4 model. Our study demonstrated, using 2
experimental murine models, that loss of MMP-2 exacerbates liver fibrosis, and suggested that MMP-2
suppresses tissue inhibitor of metalloproteinase 1 up-regulation during liver fibrosis.

� 2011 Elsevier Inc. All rights reserved.
1. Introduction

The incidence of liver cirrhosis and cirrhosis-related cancer has
steadily increased. Insight into the pathophysiology of hepatic
fibrogenesis and fibrolysis is of particular importance. Accumulat-
ing evidences has indicated that matrix metalloproteinases
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(MMPs) play an essential role in hepatic fibrogenesis [1]. Tradi-
tional substrates of MMPs are components of the extracellular ma-
trix (ECM), such as collagen, laminin, and fibronectin [2]. More
than 20 enzymes have been identified as MMPs in mammals. In
healthy liver, homeostasis of the ECM is maintained by precisely
regulated turnover controlled by MMPs and tissue inhibitors of
metalloproteinases (TIMPs) [1]. Hepatic stellate cells activated in
chronically damaged liver disrupt this regulation by synthesizing
a large amount of ECM, including collagen and proteoglycan, fol-
lowed by production of MMPs and TIMPs [3]. It has been reported
that the hepatic expression of MMP-1, -2, -7 and -14 is steadily in-
creased with disease progression, and that the expression of MMP-
9, -11 and -13 is transiently elevated in hepatitis C virus-induced
cirrhosis [4]. Up-regulation of MMPs and TIMPs during liver fibrog-
ensis has been observed in rodent models of liver fibrosis. In
chronic toxin (carbon tetrachloride, CCl4)-induced rat liver fibrosis,
production of MMP-2, -9, and -14 is increased during the accumu-
lation of fibrotic scarring in the liver, and hepatic stellate cells
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appear to be the predominant source [5–7]. MMPs degrade the
ECM, and yet loss of MMP activity does not always induce fiboro-
genesis in vivo, because MMP functions are associated with regula-
tion of several inflammatory cytokines [8].

MMP-2 is a 72-kDa zinc-dependent type IV collagenase, and the
activation of proMMP-2 is controlled by MMP-14 and TIMP2 [9]. In
the rat CCl4-induced fibrosis model, expression of MMP-2 increase
up to 7–12 times as compared with that of controls, with the
expression rate being maximal at an intermediate stage of fibrosis
[5]. During the aggressive phase of CCl4-induced liver fibrosis,
MMP-2 is predominantly produced from myofibroblasts derived
from hepatic stellate cells [7]. MMP-2 expression has been shown
to increase during spontaneous recovery from cirrhosis in a rat tox-
in-induced fibrosis model [10]. The proteolytic activity of MMP-2 is
increased in cholestasis-induced liver fibrosis models in rats and
mice [6,11]. These studies indicate that MMP-2 regulates both liver
fibrogensis and fibrolysis. However, it remains unclear how MMP-2
functions during hepatic fibrogenesis in the liver in vivo, and the
functional correlations between MMP and TIMP expression with li-
ver fibrogenesis has not yet been fully elucidated.

In this study, to clarify the pivotal role of MMP-2 during liver
fibrosis, we studied fibrotic changes in the liver of MMP-2 deficient
(MMP-2 KO) mice using two types of fibrosis models; toxin (CCl4)-
induced fibrosis and cholestasis-induced fibrosis. In both models,
liver fibrosis was accelerated in MMP-2 KO mice as compared with
wild type (WT) littermates. Type I collagen expression and TIMP1
production were up-regulated in MMP-2 KO livers in both models.
Our data indicated that MMP-2 plays an essential role in suppress-
ing fibrotic changes in the liver arising from chemical or cholestatic
damage.
2. Materials and methods

2.1. Animals

MMP-2 deficient (MMP-2 KO) mice on C57BL/6J background
were originally generated by Itoh et al. [12]. MMP-2 KO mice and
wild type (WT) littermates were produced by crossbreeding
MMP-2 heterozygous mice. All animals were treated under the
guidelines of the Institute of Medical Science, University of Tokyo
and those of Tokyo Medical and Dental University.

2.2. Liver fibrosis induced by chronic CCl4 administration

To induce hepatic fibrosis in mice, 6-week-old female MMP-2
KO and WT mice (n = 4 per group) were intraperitoneally injected
with 10% CCl4 (2 ml/kg body weight, Wako Pure Chemical Indus-
tries, Osaka, Japan) dissolved in olive oil (Wako) twice weekly for
12 weeks. Negative control mice were injected with 100% olive
oil alone twice weekly for 12 weeks.

2.3. Liver fibrosis induced by bile duct ligation (BDL)

To induce fibrosis by cholestasis, 8-week-old female MMP-2 KO
and WT mice (n = 4 per group) underwent common bile duct liga-
tion under anesthesia as previously described [13]. Mice were sac-
rificed 2 weeks after the operation.

2.4. Blood biochemical tests

Peripheral blood of MMP-2 KO and WT mice in the BDL group was
collected and assayed for total bilirubin (T-Bil), alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST), and c-glutamyl-
transpeptidase (GGT) using a Fuji DRI-Chem 3000 system (Fujifilm,
Tokyo, Japan).
2.5. Immunohistological analysis

Fresh livers were snap-frozen in OCT compound and sectioned
8-lm thick. The protocols for immunostaining has been described
previously [14]. Immunohistological analysis was performed using
mouse anti-a smooth muscle actin (aSMA) antibody (Sigma, St.
Louis, MO, USA). For each analysis, addition of an appropriate im-
mune serum provided a negative control.
2.6. Western blot analyses

Samples of liver tissue were homogenized in RIPA buffer. The
protocols for western blot analyses have been described previously
[15]. Western blot analyses were performed with liver homoge-
nates (50 lg protein) using anti-aSMA Ab (Sigma, 1:2000 dilution),
anti-MMP9 antibody (Chemicon, Billerica, MA, USA, 1:1000 dilu-
tion), anti-MMP14 antibody (Abcam, Cambridge, MA, USA, 1:500
dilution), anti-TIMP1 antibody (Abcam, 1:1000 dilution), anti-
TIMP2 antibody (Cell Signaling, Danvers, MA, USA, 1:500 dilution),
or anti-b-actin antibody. Membrane pictures of immunoblots were
quantified using ImageJ software (http://rsb.info.nih.gov/ij/).

Supplementary materials and methods are described in supple-
mentary file.
3. Results

3.1. CCl4-induced hepatic fibrosis in MMP-2 KO mice

We initially studied liver fibrosis induced by chronic CCl4
administration in WT and MMP-2 KO mice. To induce extensive li-
ver fibrosis, CCl4 was injected twice weekly for 12 weeks. Damage
of hepatocytes in MMP-2 KO livers was very severe (Fig. S1). Sirius
red staining of KO livers demonstrated that CCl4-induced fibrosis
was severe in comparison with WT livers (Fig. 1A). Marked por-
to-central and porto-portal fibrosis was observed in the liver of
MMP-2 KO mice treated with CCl4. The fibrosis areas, quantified
using an image analysis system, were significantly increased in
MMP-2 KO livers as compared with WT livers (Fig. 1B). Following
chronic CCl4 administration, a 2-fold increase in fibrosis area was
observed in MMP-2 KO livers as compared with WT livers.
3.2. Increased hepatic production of aSMA in MMP-2 KO mice treated
with CCl4

To assess whether the activation of hepatic stellate cells is pro-
moted in MMP-2 KO mice with CCl4-induced liver fibrosis, we
examined hepatic aSMA production, which is a representative
marker for myofibroblasts. Immunohistological analysis showed
that aSMA-positive areas in the liver were much larger in CC14-
treated MMP-2 KO mice than in CC14-treated WT mice (Fig. 1C).
aSMA-positive areas quantified using an image analysis system
were significantly increased in MMP-2 KO livers (Fig. 1D). Immu-
noblot analysis indicated that aSMA production was markedly in-
creased in the livers of CCl4-treated WT and MMP-2 KO mice as
compared with vehicle (olive oil)-treated WT and MMP-2 KO mice,
respectively. Hepatic aSMA production was higher in CCl4-treated
MMP-2 KO mice as compared with CCl4-treated WT mice (Fig. 1E).
Quantitative analysis using densitometry demonstrated that hepa-
tic level of aSMA protein was significantly higher in CCl4-treated
MMP-2 KO mice than in CCl4-treated WT mice (Fig. 1F). These data
suggest that the activation of hepatic stellate cells was promoted in
MMP-2 KO liver as compared with WT liver during liver fibrosis in-
duced by chronic CCl4 administration.

http://rsb.info.nih.gov/ij/


Fig. 1. CCl4-induced liver fibrosis is promoted in MMP-2 deficient (KO) mice. (A) Representative photographs of Sirius red staining in the livers of CCl4-treated mice. (B) Ratio
of overall fibrosis area (red areas in Sirius red staining) relative to olive oil-treated WT mice. Data represent means ± SD. (C) Representative images of aSMA immunostaining
in the livers of CCl4-treated mice. (D) Areas immunostained with aSMA antibody, quantified using an image analysis system, were significantly increased in CCl4-treated
MMP-2 KO mice as compared with WT mice. Values represent the ratio relative to the mean for CCl4-treated WT mice. Bars represent means ± SEM. (E) Immunoblot analysis
of aSMA in the liver of MMP-2 KO and WT mice. Mice 1, 2, 3, and 4 were CCl4-treated WT. Mice 5, 6, 7, and 8 were CCl4-treated MMP-2 KOs. (F) Hepatic aSMA protein
quantified using densitometry was significantly increased in CCl4-treated MMP-2 KO mice as compared with WT mice. Values represent the ratio relative to the mean for
CCl4-treated WT mice. Bars represent means ± SEM.
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3.3. Hepatic expression of fibrosis-related molecules in CCl4-treated
MMP-2 KO mice

To explore the molecular mechanism underlying the differences
between WT and MMP-2 KO mice in response to CCl4-induced
fibrosis, we analyzed the expression of molecules related to the
promotion of liver fibrosis. Quantitative RT-PCR analysis showed
that the hepatic expression of type I collagen in CCl4-treated
MMP-2 KO mice was 4-fold higher than that in CCl4-treated WT
mice (Fig. 2A). In addition, hepatic expression of transforming
growth factor (TGF) b1 and platelet-derived growth factor (PDGF)
receptor was up-regulated in CCl4-treated MMP-2 KO mice,
whereas that of TGFb receptor was comparable between CCl4-trea-
ted MMP-2 KO mice and CCl4-treated WT mice (Fig. 2A).

Immunoblot analysis showed that hepatic levels of MMP-9,
MMP-14, TIMP1, and TIMP2 protein were increased in CCl4-treated
WT mice relative to vehicle-treated mice, indicating that produc-
tion of fibrosis-related molecules was up-regulated in our experi-
mental model (Fig. 2B). Production of MMP-9, MMP-14, TIMP1
and TIMP2 in the liver was comparable between vehicle-treated
WT mice and vehicle-treated KO mice (Fig. 2B). Quantitative anal-
ysis using densitometry also showed that hepatic production of
MMP-14 and TIMP1 was significantly higher in CCl4-treated
MMP-2 KO mice than in CCl4-treated WT mice (Fig. 2C). Hepatic



Fig. 2. Analysis of fibrosis-related molecules in the liver of CCl4-treated MMP-2 KO and WT mice. (A) Relative expression of type I collagen (Col1A1), TGFb1, PDGF receptor
(PDGFR), and TGFb receptor 1 (TGFbR1). Test samples were normalized to the copy number for b-actin, with equal copies applied as templates. Col1A1, TGFb1, and PDGFR
were significantly up-regulated in MMP-2 KO liver as compared with WT liver. ⁄P = 0.008. ⁄⁄P = 0.02. ⁄⁄⁄P = 0.006. (B) Immunoblot assays of MMP-9, MMP-14, TIMP1, and
TIMP2. (C) Quantitative analysis using densitometry. Production of MMP-14 and TIMP1 in the liver was increased in CCl4-treated MMP-2 KO mice as compared with CCl4-
treated WT mice. #P = 0.01. ##P = 0.03. Values represent the ratio relative to the mean for CCl4-treated WT mice. Bars represent means ± SEM. The result is representative of 3
independent experiments.
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production of MMP-9 and TIMP2 in CCl4-treated KO mice was al-
most equal to that in CCl4-treated WT mice (Fig. 2C). These data
indicated that molecules related to stellate cell activation and
fibrosis were up-regulated in CCl4-treated MMP-2 KO livers as
compared with CCl4-treated WT livers, suggesting that loss of
MMP-2 promoted the activation of hepatic stellate cells during
CCl4-induced liver fibrosis.
3.4. Enhanced cholestatic fibrosis in MMP-2 KO mouse liver

Cholestatic fibrosis induced by BDL in MMP-2 KO and WT mice
was analyzed at 2-weeks post-induction. Blood biochemical testing
showed severe hyperbilirubinemia in mice treated with BDL
(Table S2). The serum level of GGT was significantly higher in
BDL-treated MMP-2 KO mice as compared with BDL-treated WT
mice, whereas no significant change in T-Bil, AST, and ALT was
found in either group (Table S2). Microscopic analysis of liver spec-
imens showed extensive bile ductule proliferation and peribiliary
fibrosis in BDL-treated mice (Fig. 3A). Bile ductule proliferation
was more severe in BDL-treated MMP-2 KO mice than in BDL-trea-
ted WT mice (Fig. 3A). Sirius red staining analysis demonstrated
more severe BDL-induced peribiliary fibrosis in KO mice than in
WT mice (Fig. 3B). The fibrosis areas, quantified using an image
analysis system, were significantly increased in BDL-treated KO
mice as compared with BDL-treated WT mice (Fig. 3C). There
was no difference in hepatic fibrosis area between WT and MMP-
2 KO sham-operated mice (Fig. S2). This data indicated that
cholestasis-induced liver fibrosis was exacerbated in MMP-2 KO
mice as compared with WT mice.

3.5. Hepatic aSMA production in MMP-2 KO mice with BDL-induced
fibrosis

Hepatic aSMA production was assessed to determine changes
in hepatic myofibroblasts associated with cholestasis-induced
fibrosis. The size of aSMA-positive areas in the liver did not differ
significantly between WT and MMP-2 KO sham-operated mice
(Fig. S3A). Hepatic aSMA in BDL-treated mice was detected in per-
iportal regions only. The aSMA-positive area in the liver of BDL-
treated MMP-2 KO mice was almost equal to that of BDL-treated
WT mice (Fig. S3A). As well as immunostaining analysis, immuno-
blot analysis showed that hepatic aSMA production in BDL-treated
MMP-2 KO mice was almost equal to that in BDL-treated WT mice
(Fig. 3D). Quantitative analyses using an image analysis system and
densitometry also showed that hepatic aSMA production in BDL-
treated MMP-2 KO mice was not significantly increased relative
to WT mice (Figs. S3B and 3E).

3.6. Expression of fibrosis-related molecules in MMP-2 KO mice with
cholestasis-induced fibrosis

The hepatic expression of molecules related to the promotion of
liver fibrosis was studied in MMP-2 KO and WT mice with BDL-
treated fibrosis. Quantitative RT-PCR analysis showed that hepatic



Fig. 3. Cholestasis-induced liver fibrosis is accelerated in MMP-2 KO mice. MMP-2 KO mice and WT littermates (n = 4 per group) were subjected to bile duct ligation (BDL).
Negative control mice were sham operated (Sham). (A) Hematoxylin eosin staining of liver specimens of BDL-treated mice. (B) Representative photographs of Sirius red
staining in the liver of BDL-treated mice. (C) Ratio of overall fibrosis area relative to sham-operated WT mice. Data represent means ± SD. (D) Immunoblot analysis of aSMA in
the liver of MMP-2 KO and WT mice. (E) Quantitative analysis of aSMA using densitometry. The aSMA protein in the immunoblot analysis was unchanged. Values represent
the ratio relative to the mean for BDL-treated WT mice. Bars represent means ± SEM.
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expression of type I collagen, TIMP1, MMP-9, MMP-14, PDGF
receptor, and TGFb was up-regulated in BDL-treated mice as com-
pared with sham-operated mice (Figs. 4A and S4). Hepatic expres-
sion of type I collagen in BDL-treated KO mice was 2-fold higher
than that in BDL-treated WT mice (Fig. 4A). The hepatic expression
of TIMP1 was also up-regulated in BDL-treated KO mice (Fig. 4A).
However, there was no significant difference in the hepatic expres-
sion of MMP-9, MMP-14, TGFb, TGFb receptor, or PDGF receptor
between BDL-treated KO and BDL-treated WT mice (Figs. 4A and
S4).

Immunoblot analysis showed that the levels of MMP-9, MMP-
14, TIMP1 and TIMP2 protein in the liver were higher in BDL-
treated mice as compared with sham-operated mice, indicating
that production of fibrosis-related molecules was up-regulated in
our experimental model (Fig. 4B). Quantitative analysis using den-
sitometry showed that hepatic TIMP1 production was significantly
higher in BDL-treated KO mice than BDL-treated WT mice (Fig. 4C).
There was no significant difference in the production of MMP-9,
MMP-14, or TIMP2 between BDL-treated KO mice and BDL-treated
WT mice. Our data indicated that type I collagen and TIMP1 was
up-regulated in BDL-treated MMP-2 KO mice as compared with
WT mice, suggesting that TIMP1 production is related to accelera-
tion of cholestasis-induced fibrosis in the liver of MMP-2 KO mice.
4. Discussion

In the present study, we analyzed liver fibrosis and fibrosis-
related molecules in MMP-2 KO mice in models of toxin- and
cholestasis-induced fibrosis. This is the first study to show that
BDL-induced hepatic fibrosis is accelerated in MMP-2 KO mice,
and that the expression of type I collagen is increased (Figs. 3C
and 4A). BDL duplicates the hepatocytic damage, activation of he-
patic stellate cells, and liver fibrosis observed in human liver dis-
ease. In the early phase of BDL, there is a marked and transient
proliferation of bile duct epithelial cells associated with prolifera-
tion of portal periductular fibroblasts which rapidly express aSMA
[16]. This supports the hypothesis that portal myofibroblasts play
an important role in BDL-induced fibrogenesis. Myofibroblastic dif-
ferentiation of portal fibroblasts is mediated by several signaling
pathways including the TGFb [17] and PDGF [18] pathways. Our
data indicate that these molecules were up-regulated in the liver
of BDL-treated mice as compared with sham-operated mice, in
consistent with previous reports. Hepatic aSMA production in
MMP-2 KO mice was almost equal to that of WT mice (Fig. 3E),
and the hepatic expression of TGFb1, TGFb receptor, and PDGF
receptor in BDL-treated MMP-2 KO liver was unchanged in com-
parison with BDL-treated WT liver (Figs. 4A and S4). Taken to-
gether, our data suggest that the myofibroblastic differentiation
of portal fibroblasts in KO liver was almost equal to that of WT
liver.

Hepatic TIMP1 was up-regulated in BDL-treated MMP-2 KO
mice as compared with BDL-treated WT mice (Figs. 4A and 4C),
indicating that loss of MMP-2 in cholestatic liver induces the
TIMP1 production. In BDL-induced liver fibrosis, TIMP1 is ex-
pressed in myofibroblasts. However, loss of TIMP1 activity does
not result in improvement of liver fibrosis as indicated by a previ-
ous study in TIMP1/TIMP2 double-KO mice, which showed that
TIMP1 and TIMP2 do not play an essential role in experimental he-
patic fibrogenesis by schistosomiasis [19]. The mechanism of
TIMP1 up-regulation in MMP-2 KO liver remains unclear; however,
it is possible that the ability of MMP-2-deficient portal fibroblasts
to suppress TIMP1 production is impaired due to lack of MMP-
2-mediated signaling. Further study is necessary to address this
issue.

Previous studies have indicated that hepatic stellate cells un-
dergo an activation process, acquire a fibroblastic phenotype,
express aSMA, and play a major role in collagen deposition in
CCl4-induced liver fibrosis [1,20]. TGFb induces the production of
type I collagen in activated hepatic stellate cells. PDGF receptor is
up-regulated in activated hepatic stellate cells proliferating in
response to PDGF. Progression of CCl4-induced liver fibrosis is



Fig. 4. Analysis of fibrosis-related molecules in the liver of BDL-treated mice. (A) Relative expression of Col1A1, TIMP1, TGFb1, and PDGFR. Test samples were normalized to
the copy number for b-actin, with equal copies applied as templates. Hepatic expression of Col1A1 and TIMP1 was significantly up-regulated in BDL-treated MMP-2 KO mice
as compared with BDL-treated WT mice. Values represent the ratio relative to the mean for sham-operated WT mice. (B) Immunoblot assays of MMP-9, MMP-14, TIMP1, and
TIMP2. (C) Quantitative analysis using densitometry. Hepatic production of TIMP1 in BDL-treated MMP-2 KO mice was increased as compared with BDL-treated WT mice.
Values represent the ratio relative to the mean for BDL-treated WT mice. Bars represent means ± SEM. ⁄P = 0.02. ⁄⁄P = 0.003. ⁄⁄⁄P = 0.04. The result is representative of 3
independent experiments.
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mediated by these molecules. Our data suggest that activation of
hepatic stellate cells was promoted in MMP-2 KO mice as com-
pared with WT mice. This is supported by the observation that
the production of aSMA and TIMP1 was increased in MMP-2 KO li-
ver (Figs. 1 and 2), because the activated hepatic stellate cells
(myofibroblasts) are a major source of TIMP1 [21]. Thus, our data
suggest the activation of hepatic stellate cells was promoted by
loss of MMP-2 activity in vivo. Previous research has shown that
loss of MMP-2 amplifies CCl4-induced liver fibrosis, but no in-
crease was seen in the in vivo levels of several molecules related
to activation of hepatic stellate cells [22]. This discrepancy may
be due to the duration of chronic CCl4 administration, which was
twice as long in our study. Increased hepatic levels of MMP-14 pro-
tein in CCl4-treated MMP-2 KO mice may be due to a compensa-
tory effect for MMP-2 deficiency, which is generally activated by
MMP-14.

Classical substrates of MMPs are components of the ECM; how-
ever, the list of substrates has been extended to include various
receptors, ligands and adhesion molecules [2]. Several studies have
demonstrated changes in the hepatic fibrotic response in MMP-
deficient mice. Madala et al. reported that chronic helminth-
induced liver fibrosis was attenuated in MMP-12 deficient mice.
MMP-12 deficiency is associated with up-regulation of ECM-
degrading enzymes such as MMP-2, -9, and -13 in Th2 cytokine-
driven fibrosis [23]. Furthermore, loss of ECM-degrading MMPs
does not always lead to progression of liver fibrosis. MMP-13 is
one of the representative ECM-degrading enzymes in mice. In the
liver of BDL-treated MMP-13 KO mice, activation of hepatic stellate
cells was paradoxically suppressed in comparison with WT mice
[8], suggesting that MMP-13 probably contributes to accelerating
fibrogenesis in cholestatic livers by mediating inflammation rather
than promoting fibrolysis. On the other hand, our data showed that
MMP-2 contributes to suppression of fibrogenesis in both toxin-
and cholestasis-induced liver damage. One possible interpretation
is that MMP-2-mediated signaling is associated with the suppres-
sion of inflammation or fibrosis, which influence the production of
type I collagen and TIMP1 derived from myofibroblasts. Another is
that MMP-2 simply contributes to acceleration of fibrolysis. Radbill
et al. showed that the expression of type I collagen in cultured he-
patic stellate cells was decreased by knockdown of MMP-2 [22],
suggesting that MMP-2-mediated signals directly regulate the
expression of type I collagen. Thus, development of specific activa-
tors of MMP-2, but not of other ECM-degrading enzymes, could be
promising as a new therapeutic strategy for the treatment of liver
cirrhosis.
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