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Abstract

AIM  To study the effects of hypoxia, hyperoxia on
the regulation of expression and activity of matrix

metalloproteinase-2 (MMP-2) in hepatic stellate cells

(HSC).

METHODS  The expressions of MMP-2, tissue inhibitor

of matrix metalloproteinase-2 (TIMP-2) and membrane
type matrix metalloproteinase-1 (MT1-MMP) in cultured

rat HSC were detected by immunocytochemistry (ICC)

and in situ hybridization (ISH). The contents of MMP-

2 and TIMP-2 in culture supernatant were detected

with ELISA and the activity of MMP-2 in supernatant

was revealed by zymography.

RESULTS In the situation of hypoxia for 12 h, the

expression of MMP-2 protein was enhanced (hypoxia

group positive indexes: 5.7±2.0, n = 10; control:

3.2±1.0, n = 7; P<0.05), while TIMP-2 protein was

decreased in HSC (hypoxia group positive indexes:
2.5±0.7, n = 10; control: 3.6±1.0, n = 7; P<0.05),

and the activity (total A) of MMP-2 in supernatant

declined obviously (hypoxia group: 7.334±1.922, n = 9;

control: 17.277±7.424, n = 11; P<0.01). Compared

the varied duration of hypoxia, the changes of

expressions including mRNA and protein level as well
as activity of MMP-2 were most notable in 6 h group.

The highest value (A hypoxia-Acontrol) of the protein

and the most intense signal of mRNA were in the period

of hypoxia for 6 h, along with the lowest activity of

MMP-2. In the situation of hyperoxia for 12 h, the

contents (A450) of MMP-2 and TIMP-2 in supernatant
were both higher than those in the control, especially

the TIMP-2 (hyperoxia group: 0.0499±0.0144, n = 16;

control: 0.0219±0.0098, n = 14; P<0.01), and so was

the activity of MMP-2 (hyperoxia group: 5.252±0.771,

n = 14; control: 4.304±1.083, n = 12; P<0.05), and the

expression of MT1-MMP was increased.

CONCLUSION  HSC is sensitive to the oxygen, hypoxia

enhances the expression of MMP-2 and the effect is

more marked at the early stage; hyperoxia mainly raises
the activity of MMP-2.
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INTRODUCTION
It is well known that the key event in the hepatic fibrogenesis is
the activation of hepatic stellate cells (HSC) due to the altered
circumstances and the activated cells are the main source of
MMP-2 which may promote the activation of HSC owing to
degradation of the basement membrane matrix rich in collagen
type IV around the cells[1-23]. We also know that liver fibrosis
may be induced or worsened by hypoxia and reperfusion[24-27].
However, it has not been reported that the effects of oxygen on
the expression and the activity regulation of MMP-2 in HSC. In
this paper, the regulation of the expression and the activity of
MMP-2 in rat HSC was investigated in vitro under the
conditions of hypoxia or hyperoxia.

MATERIALS AND METHODS
Isolation and culture of HSC
HSC were isolated from adult Sprague Dawley rats weighing
380 g to 420 g (bought from the Experimental Animals Center of
Shanghai Medical University, China) according to the method
of Di Sario et al[28,29]. The cells (105·mL-1) were inoculated in
culture flasks and dishes with cover-glasses, and then cultured
at 37  in a humidified atmosphere with 5% CO2. The medium
(DMEM, Sigma Co.) was changed 24 h later and thereafter every
2 d to 3 d. After 7 d culturing, the medium was replaced with
serum-free medium (DMEM/F12, V/V = 1:1). Meanwhile, some of
the dishes were cultured under the condition of hypoxia or
hyperoxia, as previously described[30]. Briefly, the dishes were
put in a sealed container with two holes (for the gas in and out),
through which 100% N2 or O2 (Shanghai Biouxi Gas Co. Ltd,
China) was inflated for 30 min, and then with the holes shut the
dishes were incubated in hypoxia or hyperoxia continually for 12 h.
The culture supernatant was collected and centrifuged, and
preserved  at  -20 .  The  cells  on  the  cover-glasses  were
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rinsed in phosphate-buffered saline (PBS) for three times, fixed
in 40 g·L-1 paraformaldehyde/PBS, and preserved in 700 mL·L-1

ethanol at 4 [31]. In another experiment for observing the
differences among the varied durations of hypoxia, the dishes
were cultured with hypoxia for 6 h, 12 h and 24 h, 12 dishes for
each group, along with three dishes as parallel controls for
each group.

ELISA
Sandwich technique was used to detect the relative contents
of MMP-2, TIMP-2 in the culture supernatant with polyclonal
antibody against human MMP-2 (present of Dr. Stetler-
Stevenson; 1:20 00), polyclonal antibody against human
TIMP-2 (1:800), goat anti rabbit IgG-HRP (Huamei Co. Shanghai,
China. 1:1 000) and the colorific tetramethyl benzidine (TMB)
(Huamei Co. Shanghai, China). Fresh serum-free medium served
as negative control. The O.D.values(A450 values) measured with
the Vmax Kinetic Microplate Reader (Molecular Devices
Corporation, Sunnyvale, California, USA) at 450 nm represented
the relative contents of the protein.

Detection of the MMP-2 activity with zymography[10]

The activity of MMP-2 was detected by gelatin zymography
using 80 g·L-1 polyacrylamide gels co-polymerized with 1 g·L-1

gelatin which served as the substrate of MMP-2. Culture
supernatant (15 µL) was mixed with 2×sample buffer (1:1) and
electrophor ised (80V-150V) for 4 h-5 h. Subsequently, SDS
was extracted with Triton X-100 from the gels, which were then
incubated for 48 h at 37  in 50 mmol·L-1 Tris/HCl, pH 7.4,
containing 5 mmol·L-1CaCl2 and 5 mmol·L-1 ZnCl2. Gels were
stained in 300 mL·L -1 methanol/100 mL·L-1 acetic acid containing
5 g·L-1 Coomassie brilliant blue G250 and decolorized. The clear
band against a blue background representing the activity of
MMP-2 was measured by using Gel Image System (Image master
1D analysis software, Pharmacia)and recorded with the total A
(area of clear band times mean A).

Immunocytochemistry (ICC)
Labeled streptavidin biotin method with HRP/DAB (Dako Co.)
was used in ICC for detecting the expression of MMP-2, TIMP-2,
MT1-MMP and desmin in the cells on the cover-glasses. The
specific antibodies were: monoclonal antibody against the
human MMP-2 (CalBiochem; 1:100), polyclonal antibody
against human TIMP -2 (present of Dr. Stetler-Stevenson;
1:300), monoclonal antibody against the human MT1-MMP
(CalBiochem; 1:10), polyclonal antibody against chicken desmin
(made by the Department of Pathology, Shanghai Medical
University; 1:200). According to the stain intensity, the positive
result was recorded as the value of 1 (mild), 2 (middle), 3 (intense),
and the positive indexes were given by the average values of
the positive cells in 9 HP (×400) fields per slide.

In situ hybridization (ISH)
Recombinant plasmids of human MMP-2, TIMP-2 cDNA were
gifts from professor Marmer (Medical Center of Washington
University, USA). And that of MT1-MMP was presented by
Dr. Xiao. Expansion, extraction and purification of the
recombinant plasmids were performed as routine. Three cRNA
probes were transcripted in vitro according to the protocol of
the kit (Boehringer Mannheim Co., Germany). ISH was
performed as previuosly described[32,33] with immuno
histochemical detection using an alkaline phosphatase
(AKP)-conjugated anti-digoxigenin monoclonal antibody
(Boehringer Mannheim Co., Germany). Hybridization signal was
visualized through the substrate of AKP (NBT and BCIP).

Statistical methods
t or t’test was used for statistical analysis.

RESULTS
Morphology and growing state of HSC
The HSC isolated freshly appeared round in shape and rich in
cytoplasmic lipid droplets. The cells stretched the cytoplasmic
processes and numerous lipid droplets were still seen around
nuclei on the third day after seeding. Thereafter the cells
became stellate with several long processes, grew in clumps,
and took about 7 d to 10 d to cover all over the flasks or dishes.
More than 95% of the cells showed expression of desmin. It
was noticed that the morp hology and the number of HSC did
not change obviously after treated with hypoxia or hyperoxia,
as compared with control.

Relative content of MMP-2, TIMP-2 proteins in supernatant
Relative contents of MMP-2 protein in each of three hypoxia
periods were higher than those in the control. The highest
increase in the value (Ahypoxia- Acontrol) of the protein was in the
period of hypoxia for 6 h, and the lowest was in 12 h. The
relative content of TIMP-2 was higher in 12 h, while it lowered
in both 6 h and 24 h, compared with the control; but there were
no significant differences among them (Table 1). The contents
of both MMP-2 and TIMP-2 in supernatants of the hyperoxia
group (12 h) were higher than those of the control, especially
the TIMP-2 (P<0.01, Table 2).

Activity of MMP-2 in supernatant
Activity of MMP-2 in hypoxia group (7.334±1.922, n = 9)
was lower than that in control (17.277±7.424, n = 11; P<0.01,
Figure 1). Compared the varied periods of hypoxia, the activity
came down obviously in 6 h and 24 h, but slightly in 12 h
(Table 1). On the contrary, the activity of MMP-2 in supernatant
rose remarkably as the cells were cultured in hyperoxia for 12 h
(P<0.05,Figure 1, Table 2).

Table 1    Increased values of MMP-2, TIMP-2 proteins and activity of MMP-2 in supernatants in three hypoxia periods

MMP-2     TIMP-2         MMP-2 activity
t/h

n          x±s  n           x±s n         x±s

  6                     12 0.0264±0.0168b 12 -0.0042±0.0100                           9 -1.110±2.612
12 12 0.0026±0.0111 12  0.0023±0.0181 11 -0.392±1.543
24 10 0.0100±0.0136a 10 -0.0012±0.0140 10 -1.323±2.194

aP<0.05 vs 6 h; bP<0.01 vs 12 h.
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Figure 1 Zymographic analyses.
Lane1: hypoxia group; Lane 2: control; Lane 3-5: hyperoxia group;
Lane 6-8: control.

Expression of MMP-2, TIMP-2, MT1-MMP proteins In cell
situ
The positive stain of MMP-2, TIMP-2 and MT1-MMP appeared
brown and yellow and located in cytoplasm. The expression of
MMP-2 in hypoxia was more intense (positive indexes: 5.7±2.0,
n = 10) than that in control (3.2±1.0, n = 7, P<0.05, Figures 2,3).
The expression of TIMP-2 in hypoxia(positive indexes: 2.5±0.7,

n = 10) was weaker (control, 3.6±1.0, n = 7, P<0.05, Figures 4,5).
No significant statistical difference was found between
hyperoxia and control for the expression of MMP-2. The
expression of MT1-MMP was slightly more intense in hyperoxia
than that in control (Figures 6,7).

Expression of MMP-2, TIMP-2 and MT1-MMP mRNA
The hybridization signal of MMP-2 in HSC was found in each
of three periods of hypoxia. It was most intense in the 6 h
group, milder in the 24 h group (Figures 8-10). The signal of
TIMP-2 was weak and there was no difference among three
periods. The expression of MT1-MMP mRNA was up regulated
(Figure 11), TIMP-2 and MMP-2 were slightly elevated in HSC
cultured in hyperoxia for 12 h.

Table 2    Changes of MMP-2, TIMP-2 contents and activity in supernatant in hyperoxia group

 MMP-2         TIMP-2        MMP-2 activity
Group

 n          x±s  n          x±s   n        x±s

Hyperoxia 16 0.1958±0.0448 16 0.0499±0.0144b 14 5.252±0.771a

Control 15 0.1729±0.0409 14 0.0219±0.0098 12 4.304±1.083

aP<0.05, bP<0.01 vs control.

Figure 2   MMP-2 protein in HSC presented intense positive in hypoxia group. LSAB (DAB),×200
Figure 3   MMP-2 protein in HSC presented positive in hypoxia control. LSAB(DAB),×200
Figure 4   TIMP-2 protein in HSC presented weak positive in hypoxia group. LSAB(DAB),×200
Figure 5   TIMP-2 protein in HSC presented intense positive in hypoxia control. LSAB(DAB), ×200
Figure 6   MT1-MMP protein in HSC presented positive in hyperoxia group. LSAB(DAB), ×200
Figure 7   MT1-MMP protein in HSC presented weak positive in hyperoxia control. LSAB(DAB), ×200
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DISCUSSION
It is known to all that oxygen is essential for cell living, and
hypoxia will lead to cell dysfunction, or even death.
Unfortunately, hypoxia always happens during the liver
damage or inflammation, in which swelling of the hepatocytes,
constriction of vessels, capillarization of sinusoids, increasing
of ECMs in Space of Disse, construction of hepatocytes
regenerating nodules and fibrotic septa, abnormal vessels
network, increasing endothelin promoted by enterogenous
endotoxin, and others may result in liver cell hypoxia[34- 37]. In
other words, tissue hypoxia occurs in the whole course of the
liver fibrogenesis including the initiation and development.
Meanwhile, ischemia-reperfusion is not rare in liver injury, and
counterpulsation and hyperbaric oxygen therapy are suggested
to treat some chronic liver diseases recently[38]. However, there
are only a few reports about the effects of hypoxia or hyperoxia
in liver fibrogenesis. Avila et al reported that methionine
adenosyltransferase (MAT) mRNA level was down-regulated
by hypoxia, the synthes is of glutathione (GSH) decreased
because of a drop of MAT, the free radicals could not be
eliminated timely, and the antioxidation ability of the liver came
down[39]. Blanc et al found that hypoxia-reoxygenation had
direct toxic effects on sinusoidal endothelial cells with an
increase in xanthine oxidase activity and lipid peroxidation[40].
Up to now, apart from our work[11,14], we have not found any
report about the effects of hypoxia or hyperoxia on the
expression and the activity regulation of MMP-2 in HSC.
      In our in vitro experiments, the expression of MMP-2 in
HSC in hypoxia was increased, among the three different
hypoxia periods, the changes of expression and activity of
MMP-2 were most remarkable in the 6h group, suggesting that
the harmful effects of the hypoxia were more serious at the
early stage of the liver damage. In the meanwhile, the activity

of the enzyme went down, this might be related to the
regulation of the enzyme activity[41-46]. As we know, the activation
of MMP-2 from HSC not only requires interactions with
hepatocytes[47], but also is regulated by MT1-MMP and
TIMP-2 which directly mediates the binding of pro-MMP-2 to
the cell surface. The cell surface-localized complex is then
promoted by MT1-MMP to generate a cell surface-bound active
MMP-2: TIMP-2 complex. Upon dissociation of the complex,
the active site is exposed, and TIMP-2 binds MMP-2, thereby
suppressing its activity[48-54]. Apparently a lack of cooperation
with hepatocytes and low expression of TIMP-2 in this
experiment may contribute to a drop in the enzyme activity.
The change of MMP-2 was opposite to that of TIMP-2 in the
different hypoxia periods, suggesting that the former might
induce the expression of the latter in the negative direction. It
is clear that cell function in vitro is not all the same as it is
in vivo, so the activity of MMP-2 in the liver tissue under
hypoxia is worthy of further study. The mechanism in detail of
the MMP-2 and TIMP-2 expression variations induced by
hypoxia remains to be clarified. It may be the reason why HSC
under hypoxia produced transcription factors, such as nuclear
factor kappa B (NF-κB) and activator protein 1 (AP-1) which
up-regulate the level of transforming growth factor beta 1
(TGF-β1) gene expression. TGF-β1 promotes the production of
MMP-2 and inhibits that of TIMP-2[55].
      The expression of MMP-2 and its regulation in HSC in the
state of hyperoxia have not been reported. We found that the
content of MMP-2 in supernatant was increased, and the
activity of MMP-2 rose obviously in hyperoxia group. This
suggests that the regulation of MMP-2 activation is stronger
than that of the enzyme expression in hyperoxia. As hyperoxia
promotes the expression of MT1-MMP in HSC and also that of
TIMP-2, the elevated activity of MMP-2 in hyperoxia may be
related to a combined action of MT1-MMP and TIMP-2.

Figure 8 Signal of MMP-2 mRNA in HSC was intense in hypoxia for 6h. ISH(NBT/BCIP), ×400
Figure 9 Signal of MMP-2 mRNA in HSC was weak in hypoxia for 12h. ISH(NBT/BCIP), ×400
Figure 10 Signal of MMP-2 mRNA in HSC was intense in hypoxia for 24h. ISH(NBT/BCIP), ×400
Figure 11 Signal of MT1-MMP mRNA in HSC was intense in hyperoxia group. ISH(NBT/BCIP), ×100
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