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Abstract

AIM: To investigate the expression of matrix metallopr-
oteinase-2 and tissue inhibitor of metalloproteinase-1 in
hepatic fibrosis and the antifibrogenic role of exogenous
interleukin-10 (IL-10).

METHODS: Hepatic fibrosis was induced by CCl4
administration and 60 male Sprague-Dawley rats were
randomly divided into normal control group (group N, 8
rats), CCl4-induced group (group C, 28 rats) and IL-10-
treated group (group I, 24 rats). At the beginning of the
7th and 11th wk, rats in each group were routinely perfused
with pronase E and type IV collagenase through portal
vein catheter and the suspension was centrifuged by 11%
Nycodenz density gradient to isolate hepatic stellate cells
(HSCs). RT-PCR was used to analyze mRNA of MMP-2 and
TIMP-1 from freshly isolated cells. Densitometric data were
standardized with -actin signals. Immunocytochemistry was
performed to detect MMP-2 and TIMP-1 expression in
HSC cultured for 72 h.

RESULTS: Compared to group N in the 7th wk, MMP-2
and TIMP-1 mRNA increased in group C (P = 0.001/0.001)
and group I (P = 0.001/0.009). The level of MMP-2 and
TIMP-1 mRNA in group I was significantly lower than that
in group C (P = 0.001/0.001). In the 11th wk, MMP-2 mRNA
in group I was still lower than that in group C (P = 0.005),
but both dropped compared with that in the 7th week
(P = 0.001/0.004). TIMP-1 mRNA in group I was still lower
than that in group C (P = 0.001), and increased in group C
(P = 0.001) while decreased in group I (P = 0.042)
compared with that in the 7th wk. Same results were found
by immunocytochemistry.

CONCLUSION: Expression of MMP-2 and TIMP-1 is increased
in hepatic fibrosis. IL-10 exhibits an antifibrogenic effect
by suppressing MMP-2 and TIMP-1 expression.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Hepatic fibrosis is a common pathological change resulted
from various chronic hepatic injuries characterized by an
increase of extracelluar matrix (ECM) deposition in the
Disse’s space and the imbalance between synthesis and
degeneration of ECM[1,2]. There is an evidence that liver
fibrosis is a potentially reversible process involving effective
ECM degradation[3,4].

Hepatic stellate cells (HSCs) play a central role in the
pathogenesis of liver fibrosis, a key feature of which is
their ability to regulate matrix degradation in the liver[5].
Following liver injury, these cells proliferate and are activated
to a profibrogenic myofibroblastic phenotype. In addition
to increasing matrix protein synthesis, HSCs express a wide
range of matrix metalloproteinases (MMPs) and specific
tissue inhibitor of metalloproteinases (TIMPs). MMPs and
TIMPs may play a significant role in hepatic fibrosis[6].

In the present study, rat hepatic fibrosis model was
established, HSCs were isolated and the expression of MMP-2
and TIMP-1 in HSC was determined to investigate their possible
roles during CCl4-induced hepatic fibrogenesis in rats and
the effect of interleukin-10 (IL-10) on this change in vivo.

MATERIALS AND METHODS

Establishment of models
Sixty clean male Sprague-Dawley rats weighing 200-300 g
(provided by Shanghai Experimental Animal Center) were
divided randomly into three groups. The control group
(group N) included 8 rats, the CCl4 group (group C) included
28 rats and the IL-10 group (group I) included 24 rats,
respectively. All the rats were bred under routine conditions
(room temperature, 22±2 ℃; humidity, 55±5%; light, 12 h
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per day; free access to water and food). The rats of group
N were injected intraperitoneally with saline 2 mL/kg, twice
a week. The rats of group C and group I were injected
intraperitoneally with 50% CCl4 (dissolved in castor oil)
2 mL/kg, twice a week. From the third week, the rats of
group I were injected intraperitoneally with IL-10 4 g/kg
(dissolved in saline) 20 min before they were injected with
CCl4. All injections were given twice a week until the rats
were killed with their body weight determined before each
injection. At the beginning of the 7th and 11th wk, two rats
from each group were selected randomly for histological
examination, five rats from each group were selected
randomly for isolating HSCs.

Histological examination
In the 7th and 11th wk, two rats in each group were killed to
collect liver samples. The liver tissues were fixed in 40 g/L
formaldehyde and embedded with paraffin. Sections were
stained with HE and examined under a light microscope.

Hepatic stellate cell extraction
In the 7th and 11th wk, five rats in each group were used to
isolate HSCs. Isolation and identification of HSC were
described previously[7]. Briefly, the rat liver was perfused
via portal vein with 0.02% pronase E (Merck) and 0.025%
type IV collagenase (Sigma). Cell suspension was centrifuged
by 11% Nycodenz (Sigma) density gradient to isolate HSC.
The viability of  HSC was determined by trypan blue
exclusion staining. The purity of HSC was identified by the
expression of desmin (human anti-rat monoclonal antibody,
DAKO) using immunocytochemistry S-P method.

Hepatic stellate cell culture and S-P immunocytochemistry for

MMP-2 and TIMP-1
Preparations of HSC were seeded onto 96-well plastic tissue
culture plates at 1×106 cells/mL in DMEM containing 20%
fetal calf serum. HSCs were incubated at 37 ℃ in an
atmosphere of 50 mL/L CO2, most of HSCs attached to
the dishes 72 h after primary culture. Then the 96-well
plates were washed twice with 0.1 mol/L PBS and fixed
with poly-formaldehyde at 4 ℃ overnight. The following
procedures were performed according to the instructions
of streptavidin/peroxidase (S-P) kit (Beijing Zhongshan
Company). The dilution of goat anti-rat MMP-2 and TIMP-
1 monoclonal antibody (Beijing Zhongshan Company) was
1:300. Briefly, cells were washed with PBS, incubated with
bovine serum albumin in PBS, reacted with primary antibody
dissolved in PBS, washed again and incubated with
peroxidase-conjugated second antibody, washed again and
reacted for 20 min with S-P. A brown reaction product was
developed by incubation with a buffer containing 3,3-
diaminobenzidine tetrahydrochloride (DAB). In the negative
controls, the primary antibody was replaced by PBS. The
reactions were assessed according to their intensities and
percentage of the positive cells.

First strand cDNA synthesis
Total RNA was extracted from freshly isolated HSC
according to the RNA isolation kit (Jingmei Biotechnology

Company of Shenzhen) instructions. Then its quantity and
purity were assessed by measuring the optical density at
260 and 280 nm, the ratio of A260 and A280 ranged from
1.8 to 2.0. One microgram of total RNA was reverse
transcribed into complementary DNA (cDNA) according
to the instructions of first strand cDNA synthesis kit
(Fermentas Life Sciences Jingmei Biotechnology Company
of  Shenzhen). Twenty microliters of  reaction mixtures were
transcribed at 42 ℃ for 60 min, at 99 ℃ for 5 min.

Polymerase chain reaction for MMP-2 and TIMP-1
PCR system contained 2 L cDNA, 5 L 10×buffer, 5 L
25 mmol/L MgCl2, 1 L 10 mmol/L dNTP, 1 L 20 pmol/L
target gene sense and anti-sense primer, 1 L 20 pmol/L
-actin primer pair, 3 U Taq DNA polymerase. PCR was
carried out as follows: initial denaturation at 95 ℃ for 5 min,
30 amplification cycles (denaturation at 94 ℃ for 45 s,
annealing at 55 ℃ for 30 s, extension at 72 ℃ for 1 min) for
MMP-2 or 28 amplification cycles (denaturation at 94 ℃
for 30 s, annealing at 60 ℃ for 30 s, extension at 72 ℃ for
1 min) for TIMP-1, and final extension at 72 ℃ for 7 min.

Primer sequences were as follows: MMP-2: sense: 5’-
GTGCTGAAGGACACCCTCAAGAAGA-3’, antisense: 5’-
TTGCCGTCCTTCTCAAAGTTGTACG-3’; TIMP-1:
sense: 5’-GCCATGGAGAGCCTCTGTGG-3’, antisense:
5’-GCAGGCAGGCAAAGTGATCG-3’; Primers for -actin
were used as the internal control: sense: 5’-GAGCTATG
AGCTGCCTGACG-3’, antisense: 5’-AGCACTTGCGG
TCCACGATG-3’.

Electrophoresis and semi-quantitative analysis
The PCR products were run on 2% agarose gel electrophoresis
and visualized with ethidium bromide staining. The expected
product sizes were 604 bp of MMP-2, 310 bp of TIMP-1
and 410 bp of -actin. Bioimagine system was employed to
detect the density of bands of PCR products. The values
of MMP-2 and TIMP-1 expression were semi-quantified
by scanning densitometry using the ratios of MMP-2/-
actin and TIMP-1/-actin to assess the relative level. The
detection was analyzed five times. SPSS10.0 was used to
describe the difference between groups.

RESULTS

Results of histological examination and HSC isolation
Specimens from group N showed normal structure of
hepatic lobules (Figure 1A). Liver fibrosis became remarkable
during the treatment with CCl4. In the 7th wk, specimens
from group C showed that hepatic lobular structure was
destroyed completely, steatosis and ballooning degeneration
were obvious with lots of mononuclear cells and unusual
neutrophils surrounding the centrilobular veins and fibrotic
septa, the collagen fibers increased and began to extend to
the parenchyma (Figure 1B). Only a few inflammatory cells
infiltrated around centrilobular veins without evident changes
of lobular structure in group I (Figure 1C). In the 11th wk,
complete fibrous septa were seen and pseudolobular structures
were also present occasionally in group C (Figure 1D). In
group I, normal lobular structure was present and less fibrotic
septa and inflammatory infiltrates were seen (Figure 1E).
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The results illustrated that fibrogenesis of group I was much
less severe than that of group C.

A total of  2-4.5×107 cells per rat were harvested. Cell
vitality checked by trypan blue exclusion was higher than
95%. The mean purity of freshly isolated HSC was higher
than 95% identified by the expression of desmin (Figure 2).

Immunoreactivities of MMP-2 and TIMP-1 in three groups
MMP-2 and TIMP-1 positive expressions were localized in
cytoplasm and cell membrane of HSC in all groups by
immunocytochemistry. In group N, the expression signals
of MMP-2 and TIMP-1 were weak. In the 7th wk, the size
of HSC in group C and group I was a little larger than that
in group N. The number and length of pseudopodia, the
expression signals of MMP-2 and TIMP-1 in group C were
stronger than those in group I (Figure 3). In the 11th wk,
cell phenotype in group I was a little smaller than that in
the 7th wk. The expression signals of MMP-2 in group C
decreased obviously compared to those in the 7th wk, while
the expression signals of TIMP-1 in group C increased

compared to those in the 7th wk. Though limited by the
number of samples, the expression of TIMP-1 increased
obviously with the development of hepatic fibrosis, and
decreased after treatment with IL-10; however, the
expression of MMP-2 increased in the earlier phase of
hepatic fibrosis and decreased after treatment with IL-10.

Relative amount of MMP-2 and TIMP-1 mRNA in hepatic
stellate cells
In the 7th wk, MMP-2 and TIMP-1 mRNA increased
obviously in group C compared with that in group N (P<0.01),
and decreased significantly after treatment with IL-10
(P<0.01). In the 11th wk, MMP-2 mRNA in group I was
still lower than that in group C (P<0.01), but both dropped
compared with that in the 7th wk (P<0.01). TIMP-1 mRNA
in group I was still lower than that in group C (P<0.01) and
group I (P<0.05) compared with that in the 7th wk (Tables
1, 2 and Figure 4).

Table 1  Expression of MMP-2 mRNA in HSC (mean±SD)

Week n    Group N     Group C    Group I

    7 5 0.073±0.006 0.288±0.025b 0.145±0.004b,d

  11 5 0.083±0.004 0.116±0.006b,f 0.080±0.009d,f

bP<0.01 vs group N; dP<0.01 vs group C;  fP<0.01 vs 7 wk.

Table 2  Expression of TIMP-1 mRNA in HSC (mean±SD)

Week n     Group N      Group C     Group I

    7 5 0.968±0.026 1.517±0.050b 1.188±0.025b,d

  11 5 0.980±0.021 2.198±0.042b,f 0.964±0.026a,d

bP<0.01 vs group N; dP<0.01 vs group C; aP<0.05, fP<0.01 vs 7 wk.

Figure 1  Effect of IL-10 on liver histological change in rats with hepatic fibrosis (HE×100). A: Rat liver in group N; B: Rat liver in group C in the
7th wk; C: Rat liver in group I in the 7th wk; D: Rat liver in group C in the 11th wk; E: Rat liver in group I in the 11th wk.
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Figure 2  Desmin expression of HSC cultured for five days by immu-
nochemistry (SP×100).



DISCUSSION
Liver fibrosis is traditionally considered as a progressive
pathological process involving multiple cellular and
molecular events that lead to deposition of excess matrix
proteins in the extracellular space. When this process is
combined with ineffective regeneration and repair, there is
increasing distortion of  the normal liver architecture, and
the end result is cirrhosis[8,9].

Current evidence indicates that liver fibrosis is dynamic
and can be bidirectional (involving progression and

regression); this pathological process involves major changes
in the regulation of matrix degradation[10].

In the extracellular space, matrix degradation occurs
predominantly as a consequence of the action of a family
of enzymes known as MMPs. MMPs are secreted from
cells into the extracellular space as proenzymes, which
are then activated by a number of specific, usually cell
surface-associated cleavage mechanisms. The activated
enzymes are in turn inhibited by a family of tissue inhibitors
of metalloproteinases (TIMP-1 to -4). By this combination
of mechanisms, ECM degradation is closely regulated, which
prevents inadvertent tissue damage[11].

HSCs situated in the perisinusoidal Disse’s space play
an essential role in liver fibrosis. In normal liver, HSCs are
nonfibrogenic cells containing an abundant amount of
vitamin A. After chronic liver injury, HSCs proliferate, lose
their vitamin A, and transform to -SMA-positive
myofibroblastic cells that are the major source of collagens,
glycoproteins, and proteoglycans accumulated in the fibrotic
liver. A variety of growth factors and inflammatory cytokines
produced by Kupffer cells, hepatocytes, and infiltrating
leukocytes in injured livers induce HSC proliferation or
matrix synthesis[12,13].

When cultured for several days on plates, HSCs from
normal livers undergo activation remarkably similar to that
occurring in vivo after liver injury[14].

IL-10 is an important immunoregulatory cytokine
produced by many cell populations. Its main biological
function is to limit and terminate inflammatory responses
and regulate differentiation and proliferation of immune
cells such as T cells, B cells, natural killer cells, and
granulocytes[15-18]. IL-10 plays a role in inflammatory,
malignant and autoimmune diseases and recombinant human
IL-10 has been produced and tested in clinical trials, suggesting
that IL-10 may become a new therapeutic target[19].

Figure 3  Expression of MMP-2 (A, B) and TIMP-1 (C, D) of HSC in group C and group I during the 7th wk (SP×100).
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Figure 4  Agarose gel electrophoresis of RT-PCR product of MMP-2
gene (A) and TIMP-1 gene (B). Lanes 1–3: groups N, C and I in the 7th wk;
lanes 4–6: groups N, C and I in the 11th wk; M: 100-bp DNA ladder.
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The knock-out experiments (IL-10/mice) indicated
that endogenous IL-10 actually relieves CCl4-induced
fibrosis[20,21]. Similar results have been reported by Nelson[22],
but its mechanism remains obscure.

MMPs are able to degrade a wide variety ECM and
play a pivotal role in regulating ECM composition. MMP-2
plays an important role in regulating basement membranes
as it degrades several of its components including collagen
IV, laminin, and fibronectin[23,24]. Our studies showed that
compared with normal liver, expression of  MMP-2 mRNA
was increased several folds in CCl4-induced liver fibrosis in
rats. The change promoted further degradation of the
normal liver basement membranes, leading to increased
activation and proliferation of HSC and synthesis of type I
collagen. This positive feedback loop would theoretically
promote the progression of liver fibrosis. The regulation
of MMP-2 is not clear. Cytokine TGF-1 has variable
effects on MMP-2 expression and can promote synthesis
and activation of MMP-2[25,26], and inflammatory cytokines
upgrade the expression of MMP-2 during the earlier stage
of liver fibrosis[27,28].

Furthermore, the present study showed that the level
of MMP-2 decreased in the 11th wk compared with that in
the 7th wk in hepatic fibrosis model group. Possibly, the
metabolism of collagen could slow down in the later phase
of hepatic fibrosis, and the negative feedback loop could
degrade the expression of MMP-2. On the other hand,
with the development of hepatic fibrosis, the increased
TIMPs inhibit the secretion and activation of MMPs
including MMP-2. In contrast to the other authors[29], our
study showed weak expression in HSC isolated from normal
group. Zhang et al, established CCl4-induced hepatic fibrosis
model and IL-10 intervention model and reported that IL-
10 can down-regulate the level of cytokines like TGF-1,
TNF- and IL-6. Chen et al[30], investigated rat HSC cultured
in vitro and found that IL-10 inhibits the expression of TGF-
1 and FGF, suggesting that IL-10 might inhibit the
expression of MMP-2 indirectly by suppressing the
expression of cytokines and growth factors.

The activities of  MMPs are inhibited by TIMPs[31]. Four
members of the TIMP family have been characterized so
far, and designated as TIMP-1, TIMP-2, TIMP-3 and
TIMP-4. TIMP-1 and TIMP-2 are capable of inhibiting
the activities of all known MMPs and play a key role in
maintaining the balance between ECM deposition and
degradation in different physiological processes, including
liver fibrosis development[32]. In the liver, TIMP-1 and
TIMP-2 have been identified and TIMP-1 plays a more
important role in the pathological process of liver fibrosis
than TIMP-2[12,33,34].

In the present study, TIMP-1 expression in HSC was
markedly up-regulated in group C and correlated with the
histological degree of liver fibrosis. Because the expression
of MMP-1 remains unchanged in liver at any stage of
fibrosis[35], the strong expression of TIMP-1 inhibits the
degeneration of collagen by MMP-1, thus promoting the
deposition of ECM. The continuous deposition of collagen
fibers in the liver finally results in hepatic fibrosis. The result
suggests that TIMP-1 plays a pivotal role in liver fibrosis
development. Whether TIMP-1 has other pathways to

promote hepatic fibrosis is still unknown; further studies
are needed to elucidate the mechanism.

Antifibrotics can be used to inhibit TIMP-1 expression.
In the present study, we observed the effect of  recombinant
IL-10 on HSC expression of TIMP-1 in vivo. Our results
indicate that IL-10 reduces collagen deposition, which
may result from a decrease in TIMP-1 synthesis by HSCs.
Because TIMP-1 and MMP-2 have a similar source, IL-10
might inhibit the expression of TIMP-1 indirectly also by
suppressing the expression of cytokines and growth factors
such as TGF-1, TNF- and IL-6.

In summary, MMP-2 expression increases in the early
stage of hepatic fibrosis and TIMP-1 expression increases
in the whole process of hepatic fibrosis. MMP-2 and TIMP-
1 play an important role in liver fibrosis, IL-10 exhibits an
antifibrogenic effect by suppressing MMP-2 and TIMP-1
expression.
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