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Abstract
AIM: To investigate the inhibition effects on the production
of collagen type I, III secreted by activated rat hepatic stellate
cells (rHSCs) by antisense tissue inhibitors of metalloproteinase
1 (TIMP-1) recombinant plasmid through elevating interstitial
collagenase activity.

METHODS: rHSCs were extracted from normal rat liver
by pronase and collagenase digestion and purified by
centrifugal elutriation, and were cultured on plastic dishes
until they were activated to a myofibroblastic phenotype
after 7-10 days. RT-Nest-PCR and gene recombinant
techniques were used to construct the rat antisense TIMP-
1 recombinant plasmids which can express in eucaryotic
cells. The recombinant plasmid and the pcDNA3 empty
plasmid were transfected in rHSCs by Effectene (QIAGEN)
separately. Cells were selected after growing in DMEM
containing 400 µg/ml G418 for 2-3 weeks. Expression of
exogenous gene was assessed by Northern blot, and
expression of TIMP-1 in rHSCs was determined by Northern
blot and Western blot. We tested the interstitial collagenase
activity with FITC-labled type I collagen as substrate.
Ultimately, we quantified the type I, III collagen by
Western blot.

RESULTS: The exogenous antisense TIMP-1 recombinant
plasmid could be expressed in rHSCs well, which could
block the expression of TIMP-1 greatly, the ratio of TIMP-
1/GAPDH was 0.67, 2.41, and 2.97 separately at mRNA
level (P<0.05); the ratio of TIMP-1/β-actin was 0.31, 0.98
and 1.32 separately at protein level (P<0.05); It might
elevate active and latent interstitial collagenase activity,
the collagenase activity was 0.3049, 0.1411 and 0.1196
respectively. (P<0.05), which led to promotion the
degradation of type I, III collagen, the ratio of collagen I/
β-actin was 0.63, 1.78 and 1.92 separately (P<0.05); and
the ratio of collagen III/β-actin was 0.59, 1.81 and 1.98
separately (P<0.05).

CONCLUSION: These data shows that the antisense TIMP-
1 recombinant plasmid has the inhibitory effects on the
production of type I, III collagens secreted by activated
rHSCs in vitro.  It could be a novel method to reverse hepatic
fibrosis in the future.
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INTRODUCTION
The incidence of liver fibrosis and cirrhosis is still high in
China[1-4], and fibrosis is the common pathological basis of
chronic hepatic disease[5]. Many factors inducing liver injury
and inflammation may lead to hepatic fibrosis[6, 7]. At present,
the common sense is that hepatic fibrosis could be reversed
effectively when the right therapeutic strategy was applied[8].
    Recently, studies on the role of tissue inhibitors of
metalloproteinases (TIMPs) in the process of hepatic fibrosis
have attracted more attentions[9-14]. Roeb et al[15] reported that
there were no expression of TIMP-3, 4 mRNA in normal and
fibrotic liver tissues; the expression of TIMP-1, 2 mRNA could
be detected in normal liver tissue at lower level[15,16]. The
expression of TIMP-1 increased greatly in liver tissues of
experimental rat hepatic fibrosis models induced by CCl4 or
bile compared to TIMP-2[15].
      Hepatic stellate cells (HSCs) represent up to 15 % of the
resident cells of the liver and play a pivotal role in hepatic
fibrosis[17]. In response to liver injury of any etiology, the
normally quiescent HSC undergoes a progressive process of
trans-differentiation into a proliferating myofibroblast-like
activated HSC[17]. Through increased secretion of extracellular
matrix proteins and the tissue inhibitor of metalloproteinases
(TIMP)-1, activated HSCs are responsible for deposition and
accumulation of the majority of the excess extracellular matrix
in the fibrotic liver[18]. Furthermore, activated HSCs can
contribute to the fibrogenic process through their ability to
secrete and respond to a wide range of cytokines and growth
factors[19].
      It had been considered that the antisense technique was
used to inhibit the target genes and proteins expressed in
experimental rat hepatic fibrosis. The main aim of our study is
to try to block the gene and protein expression of TIMP-1 in
rHSCs in vitro and investigate the effects of antisense-TIMP-
1 recombinant plasmid on the production of collagen type I,
III  of activated rHSCs, so as to find out the possible mechanism
of reversing hepatic fibrosis.

MATERIALS AND METHODS
Isolation and culture of rat hepatic stellate cells
rHSCs were isolated from normal male Sprague-Dawley rats
(300±30 g) by sequential perfusion with Pronase and
collagenase as previously described[20]. rHSCs were separated
and purified from the cell suspension by single-step density
gradient centrifugation with gradient buffer (Ficoll and glycan
1.053, Pharmacia). The purity of cell was assessed by light
microscopic appearance and vitamin A autofluorescence at
295nm. rHSCs were activated at day 7 after seeding on the
plastic surface and became myofibroblast (MFB) phenotype.



The cells were cultured in Dulbecco’s modified Eagle medium
(DMEM, GIBCO U.S.A) containing 4 mM L-glutamine and
10 % fetal calf serum (GIBCO U.S.A). Additionally, all culture
media were supplemented with penicillin (100 IU/ml) and
streptomycin (100 µg/ml) respectively. They were maintained
at 37   in an atmosphere of 5 % CO2.

Transfection of rat hepatic myofibroblast cells
rHSCs were transfected 8 days after seeding with pcDNA3/
antisense-TIMP-1 recombinant plasmid. Briefly, total RNAs
were extracted from rat liver with Trizol (Life Tech, U.S.A)
reagent. According to the full-length cDNA sequence that
encoded rat TIMP-1, we designed special sense and antisense
primers and obtained target sequence with the RT-NEST- PCR
technique, which were linked into T4 vector with T4 DNA
ligase. After transformation, selection, and appraisal with
restriction enzymes EcolRI and XhoI, the resulting insert was
subcloned into the plasmid pcDNA3 (Invitrogen CA) and
sequenced (PE377 Auto sequencer).  One day before
transfection, cells were dispersed with trypsin-EDTA solution
and counted, then the cells were pipetted into 6 -well dishes at
a density of 1×104 cells per well so they would attain 70 %
confluence the next day. Transfection was performed with the
commercially available cationic liposome reagents Effectene
(Qiagen, Germany), using pcDNA3/antisense-TIMP-1
recombinant plasmid (1.0 µg/well) and pcDNA3 empty
plasmid, following essentially the instructions of the
manufacturers. Transfecting cells were selected after growing
in DMEM containing 400 µg/ml G418 for 2-3 weeks.
Following selection, 10 drug-resistant (neo+) clones of pcDNA3
/antisense-TIMP-1 recombinant plasmid transfecting cells were
picked randomly from different plates and studied after
expansion; in the meantime, eight neo+ clones were picked
from rMFB transfected with the pcDNA3 vector lacking the
antisense sequences and eight non-transfected rMFB were
studied as controls.

RNA isolation and Northern analysis for TIMP-1 and
exogenous gene
The cells were rinsed with ice cold HBSS, the total RNAs were
extracted from rMFBs with Trizol (Life Tech,Grand Island, NY)
reagent. The concentration of RNA was determined by absorbance
at 260 nm. For Northern analysis, 30 µg of total cellular RNAs
were separated by electrophoresis in a 1 % denaturing agarose
gel, transferred to a Hybond-N membrane (Amersham,UK) and
fixed by baking for 2 h at 80 . The probe for pcDNA3 according
to the special T7 promoter sequence (the probe sequence 5’-
CAGAGGGATATCACTCAGCATAAT-3’) and TIMP-1
cDNA probes were labeled with [α-32P] dCTP (Amersham,
UK) by random primer labeling method to detect exogenous
gene and TIMP-1 expression. Blots were pre- hybridized for
at least 3 h, and then hybridized for 20 h at 37  in a buffer
containing 50 % formamide, 6×SSC, 5×Denhardt’s solution
[0.1 % Ficoll 400, 0.1 % BSA, 0.1 % polyvinyl- pyrrolidone],
5 mM EDTA, 0.5 % SDS, and 100 µg/ml sheared denatured
herring sperm DNA (Roche, Germany). The filters were
washed once at 55  for 20 minutes in a solution containing
2×SSC, 1 mM EDTA, and 0.1 % SDS, then twice at 50  for
20 minutes in a solution containing 0.4×SSC, 1 mM EDTA,
and 0.1 % SDS. Autoradiographs were exposed to indicated
times to Kodak films at -70  for 7 days. As an internal
standard (loading control) the blots were re-hybridized with a
GAPDH specific cDNA.

Western blotting for TIMP-1 and type collagen I, III
Rat TIMP-1 and collagen type I, III proteins in total cell extracts
of transfected and non-transfected rMFBs were subjected to

Western-blot analyses. rMFB cells (1×106) were pelleted by
centrifugation, washed twice with ice-cold PBS, and lysed on
ice in RIPA buffer [30 mM HEPES, 150 mM NaCl, 1 % Triton
X-100, 0.1 % SDS and 1 % deoxycholic acid  (pH 7.6)], with
added proteinase inhibitors, pepstatin A (1.0 µg/ml), aprotinin
(3.5 µg/ml), leupeptin (10 µg/ml) and 0.2 mM PMSF. Cell
lysates were centrifuged at 3 000 g for 10 min at 4 , and BCA
protein assay was performed. Protein samples (100 µg) were
heated for 5 min at 100  and were separated on 12 % SDS-
PAGE and transferred to PVDF membranes (Schleicher&Schuell
Germany) in Tris-glycine buffer (pH 8.5) plus 20 % methanol.
The membranes were blocked overnight in 5 % non-fat dried
milk in Tris-buffer containing 0.1 % Tween-20 and then washed
with Tris-buffer. The blots were incubated for 2 h at room
temperature with mouse TIMP-1 monoclonal IgG (Oncogene)
and rabbit anti-collagen type I, III diluted 1:500 in Tris-buffer.
The blots were washed and then incubated with AP-conjugated
secondary antibodies (Santcruz California U.S.A) at 1:2 000
dilution. The protein bands were visualized with BCIP/NBT
(Wuhan, China) system. β-actin as the internal control.

Sample preparation and Enzyme assays
After transfection and selection, rMFBs were seeded into 6-
well plates with 105 cells/well and incubated for 2 weeks; the
medium was changed twice a week. The media were harvested.
Prior to assays, 225 µl of each medium was treated with 25 µl
DTT(100mM) to give a final concentration of 10 mM for 30
min at 35  to inactivate endogenous collagenase inhibitors.
Collagenase activity was determined by Type I Collagenase
Activity Assay (Chemicon, Temecula CA). Briefly, the
medium had been preincubated at room temperature for 30
min with APMA to obtain 1 mM final concentration to activate
latent collagenase. The reaction mixture contained 50 µl
(1 µg/µl) FITC-labeled type I collagen in a final volume of
100 µl, was further incubated at 37  for 3 h. The reaction
was terminated by adding 200 µl enzyme stop reagent/
extraction (0.05 M Tris-HCl pH9.5, ethanol containing NaCl,
o-phenanthroline). After centrifugation at 4 000 rpm for 10 min,
fluorescence in the supernatant was measured by Fluorometer
(Hitachi Japan) at an excitation wavelength of 490 nm and an
emission wavelength of 530nm. These experiments were
performed in triplicate for each tissue sample.
      One unit (U) of collagenase was defined as the amount of
enzyme that hydrolyzed 1 µg of collagen substrate per min.
The results shown in the figures were expressed as the mean
with standard deviations of collagenase activity of samples.

Statistics
All values were expressed as mean ±SD, ANOVA was used to
determined the significance of differences among the three
groups. A values of P<0.05 was considered statistically
significant.

RESULTS

Expression level of exogenous gene and TIMP-1 gene in rMFB
The exogenous gene expression could be detected in
transfection groups (pcDNA3/antisense-TIMP-1 recombinant
group and pcDNA3 empty vector group) by Northern blot,
but not in non-transfected rMFB (Figure 1); the expression of
TIMP-1 was much higher in pcDNA3 empty vector group and
non-transfected rMFB control group than pcDNA3/antisense-
TIMP-1 recombinant group at mRNA level (Figure 2), the
ratio of TIMP-1/GAPDH was 0.67, 2.41, and 2.97 separately
(P<0.05); There was no significant difference (P>0.05)
between pcDNA3 empty vector group and non-transfected
rMFB control group.
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Figure 1  The expression of exogenous gene in rMFB detected
by Northern blot after transfection and selection.  1: pcDNA3/
antisense-TIMP-1 transfecting group; 2: pcDNA3 vector con-
trol group; 3: non-transfecting rMFB control group.

Figure 2  The expression of TIMP-1 mRNA in rMFB detected
by Northern blot after transfection and selection.  1: pcDNA3/
antisense-TIMP-1 transfecting group; 2: pcDNA3 vector con-
trol group; 3: non-transfecting rMFB control group.

Figure 3  The expression of TIMP-1 protein level in rMFB de-
tected by Western blot after transfection and selection. 1:
pcDNA3/ antisense-TIMP-1 transfecting group; 2: pcDNA3
vector control group; 3: non-transfecting rMFB control group.

Figure 4  The expression of type I, III collagen in rMFB de-
tected by Western blot after transfection and selection.  1:
pcDNA3/antisense-TIMP-1 transfecting group; 2: pcDNA3
vector control group; 3: non-transfecting rMFB control group.

Antisense-TIMP-1 recombinant plasmid treated rMFB have
reduced the content of TIMP-1 protein and type I, III collagen
The content of TIMP-1 protein and collagen type I, III in
recombinant transfection group was lower than those of the

control groups (P<0.05) as shown by the SDS-PAGE. (Figure
3,4). the ratio of TIMP-1/β-actin was 0.31, 0.98 and 1.32
separately at protein level (P<0.05); the ratio of collagen I /β-
actin was 0.63, 1.78 and 1.92 (P<0.05); and the ratio of collagen
III /β-actin was 0.59, 1.81 and 1.98 (P<0.05). Moreover, there
was no significant difference (P>0.05) between pcDNA3
empty vector group and non- transfected control group.

Collagenase activity of rMFB in response to antisense-TIMP-
1 recombinant plasmid
The collagenolytic results were shown in Figure 5. Conditioned
media from control groups showed  low levels of collagenolytic
activity;on the contrary, collagen degradation activity of the recom-
binant plasmid transfection group was significantly elevated, the
collagenase activity was 0.3049, 0.1411and 0.1196 respectively.
(P<0.05). Experiments were repeated twice separately.

Figure 5  The enzymatic activity of MMP-1 in conditioned
media from rMFB detected by Type I Collagenase Activity.
Assay after transfection and selection. A: pcDNA3/antisense-
TIMP-1 transfecting group; B: pcDNA3 vector control group;
C: non-transfecting rMFB control group.

DISCUSSION
Liver fibrosis represents the final common pathological
outcome for the majority of chronic liver insults[21]. Pathological
accumulation of extracellular matrix (ECM) in cases of liver
fibrosis reflects imbalance of production and degradation of
matrix proteins. At present, the common sense is that it is a
reversible process. Matrix metalloproteinases (MMPs) are a
family of secreted zinc proteases capable of degrading collagen
and other ECM components. Recent studies suggest that MMPs
may participate in pathological responses involved in liver
fibrosis. Especially, interstitial collagenase (MMP-1) plays a
key role in degrading collagen type I, III. (the main component
of ECM). MMP-1 is tightly regulated by tissue inhibitors of
matrix metalloproteinases1 (TIMP-1).
      Current evidence indicates that the central mediator of liver
fibrosis is the hepatic stellate cell (HSC)[18]. During fibrotic
injury, these retinoid-rich perisinusoidal cells proliferate and
undergo a phenotypic transformation to myofibroblast (MFB)-
like cells, a process termed activation[22]. Previous work has
demonstrated that activated HSC can express TIMP-1, leading
to the hypothesis that matrix degradation is inhibited during
progressive fibrosis[23]. This hypothesis is supported by
findings that overexpression of TIMP-1 enhances experimental
fibrosis[24] and that spontaneous recovery from liver fibrosis is
associated with a diminution of TIMP-1 expression and an
increase in collagenase activity with consequent matrix
degradation[25]. Nucleic acid complemented with DNA/RNA
of genome is called antisense nucleic acid, including antisense
DNA, antisense RNA, and ribozyme[26] According to these
theories, we designed a special antisense sequence which may
complement with the mRNA of TIMP-1, constructing the rat
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pcDNA3/antisense-TIMP-1 recombinant plasmid which can
express in eucaryotic cells. After transfection and selection,
we observed that the exogenous antisense-TIMP-1 recombinant
plasmid could be expressed in rMFB well by Northern blot
analysis. In order to evaluate the intervening or blocking effects on
the expression of TIMP-1, Northern and Western blots were used.
The results showed that antisense-TIMP-1 recombinant plasmid
could block the expression of TIMP-1 greatly in rMFB compared
to that of the control groups (P<0.05); though the expression of
TIMP-1 could not be blocked thoroughly, there maybe existed other
factors which regulated the expression of TIMP-1.
      We have chosen TIMP-1 as the target gene so as to elevate
latent and active interstitial collagenase (MMP-1) activity in
rMFB. In our study, we found that the enzymatic activity of
MMP-1 in the pcDNA3/antisense-TIMP-1 recombinant
transfecting group was 2-3 times higher than that in the control
groups. However, the enzymatic activity was lower in the
control groups (P>0.05). These results were proven by FITC-
labeled type I collagenase Activity Assay.
      In healthy human liver, the collagen type I, III account for
about 80 % of the total collagen of liver, while it rises up to
more than 95 % in fibrotic livers. The collagen type I covers
about 60-70 % of the total collagen of fibrotic liver, and type
III was 20-30 %[27-29]. Collagen I, III are the main target of MMP-
1. MMP-1 has similar capacity of degrading collagen I, III.
Therefore, collagen I, III are regarded as the important parameters
to reflect the metabolism of collagen, and thus we can judge the
therapeutic effect of the anti-fibrotic strategies of the liver[30-32].
      The content of collagen I, III was lower in the pcDNA3/
antisense-TIMP-1 recombinant transfecting group than that in
control groups (P<0.05) determined by Western blotting. These
data showed that this recombinant plasmid had stronger effects
on increasing the degradating capacity of collagen I, III, decreasing
the deposition of ECM, and reversing probably the hepatic fibrosis.
      In conclusion, our experiment results have demonstrated that
the pcDNA3/antisense-TIMP-1 recombinant has anti-hepatic
fibrosis effect in vitro strongly through inhibiting the TIMP-1.
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