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Background/Aims: Fibrotic liver remodelling was studied in culture of precision-cut liver slices (PCLS) derived from
fibrotic liver.

Methods: Fibrosis was induced in rats by carbon tetrachloride (CCl,) treatment or bile duct ligation. Human fibrotic
livers were also used. PCLS were cultured for 6, 24, 48, or 72 h, and the expression of a-smooth muscle (SM) actin, plate-
let-derived growth factor (PDGF) receptor-p, and active caspase 3 was studied by immunohistochemistry.

Results: Before culture, in CCly-treated or bile duct ligated animals, fibrosis was observed around centrolobular veins, or
in portal zones, respectively. In PCLS derived from CCl -treated animals, a-SM actin expression disappeared after 24 h in
culture while PDGF receptor-p expression decreased progressively after 48 h. These changes were observed in absence of
massive apoptosis. In PCLS derived from bile duct ligated animals, both a-SM actin and PDGF receptor-p expression
decreased after 48 h in culture with a massive apoptosis. In PCLS derived from human fibrotic livers, a-SM actin expres-
sion was dramatically reduced after 48 h in culture.

Conclusions: After CCl, treatment, a proportion of myofibroblasts derived from hepatic stellate cells seems to dediffer-
entiate while in bile duct ligation model, myofibroblasts derived from portal fibroblasts disappear by apoptosis, underlining

the relevance of this model to evaluate the mechanisms involved in fibrotic liver remodelling.
© 2006 European Association for the Study of the Liver. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Fibrosis is defined as the excessive deposition of extra-
cellular matrix in an organ, and is the main complication
of chronic liver damage. Its endpoint is cirrhosis, which is
responsible for significant morbidity and mortality. The
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accumulation of extracellular matrix observed in fibrosis
and cirrhosis is due to the activation of fibrogenic cells,
which acquire a myofibroblastic phenotype. Myofibro-
blasts are absent from normal liver. They are produced
by the activation of precursor cells, such as hepatic stellate
cells and portal fibroblasts (for review, see [1]). These fibr-
ogenic cells are distributed differently in the hepatic lob-
ule: hepatic stellate cells resemble pericytes and are
located along the sinusoids, in the Disse space between
the endothelium and the hepatocytes (for review, see
[2]), whereas portal fibroblasts are embedded in the portal
tract connective tissue around portal structures (vessels
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and biliary structures) [3]. Differences have been reported
between these two fibrogenic cell populations, in the
mechanisms leading to myofibroblastic differentiation,
activation and “deactivation’”, but confirmation is
required (for review, see [1]). It is now accepted that liver
fibrosis is reversible, whereas cirrhosis seems generally
irreversible [4-6]. However, the mechanisms involved in
fibrosis reversibility are poorly understood.

Precision-cut liver slices (PCLS) have been used for
metabolic and toxicological studies on various liver cell
types [7,8]. The PCLS culture model allows the mainte-
nance of normal lobular architecture and of cell—cell
interactions within their original matrix. It has been
recently applied to the study of hepatic stellate cell acti-
vation [9,10], and we have used this model to study the
effects of bile acids on biliary epithelial cell proliferation
and portal fibroblast activation [11].

In this study, we took advantage of the PCLS model,
using a reduced number of animals, to analyse the
remodelling of rat fibrotic liver in which fibrosis was
induced in vivo by carbon tetrachloride (CCly) treatment
or bile duct ligation; in addition, we have also studied
fibrotic liver remodelling in cultured PCLS derived from
human fibrotic livers.

2. Materials and methods

2.1. Experimental animals and liver removal

Male Wistar rats (Charles River, St. Aubin-les-Elbeuf, France)
were used. Six animals were used in each experimental group. In the
first group, animals were given CCly (Sigma, St. Quentin-Fallavier,
France) three times per week (375 pl/kg of body weight in olive oil
per os) [12] and sacrificed three weeks after the first CCly treatment.
In the second group, animals were subjected to common bile duct liga-
tion [3] and sacrificed one week after bile duct ligation. Control ani-
mals were used in each case. All experiments were performed using
accepted ethical guidelines.

Liver was perfused in situ with preoxygenated ice-cold Hanks’ bal-
anced salt solution (HBSS) (Invitrogen, Cergy Pontoise, France), sup-
plemented with 5 mM glucose and 50 pg/ml gentamycin, via a plastic
catheter placed in the portal vein. After 5 min perfusion, the liver
was excised.

2.2. Human liver tissues

Large non-tumoral liver specimens were obtained from four
patients (Table 1). After washing in preoxygenated ice-cold HBSS,
containing glucose and gentamycin, tissue was processed for PCLS
preparation. The procedures were in accordance with the European
Guidelines for the use of human tissues.

2.3. Rat and human precision-cut liver slices (PCLS)
preparation, culture, and processing

PCLS were prepared as previously described [11]. Briefly, tissue
cores were performed using a motor-driven coring tool (8 mm
diameter). Consecutive PCLS (250 um-thick) were obtained using
a Krumdieck tissue slicer (Alabama Corporation, Munford, AL,
USA). PCLS were placed on a stainless-steel insert (Alabama Cor-
poration) in an incubation vial containing culture medium. Vials
were set on a roller platform, and gently agitated in a humidified
incubator (Sanyo, Osaka, Japan) at 37 °C, with 5% CO, and 40%
O,. Slices were firstly incubated in Williams® E medium (Invitro-
gen) supplemented with 0.35 uM insulin (Sigma), 0.1 uM dexameth-
asone (Sigma) and 5% fetal calf serum (FCS; Dutscher, Brumath,
France). After 2 h, this medium was replaced by Williams’ E medi-
um supplemented with insulin, dexamethasone and 1% FCS. PCLS
were cultured for 6, 24, 48, or 72 h.

After culture, PCLS were routinely formalin-fixed and paraffin-em-
bedded. Sections (4 pm-thick) were stained with hematoxylin-eosin for
routine histology, with Sirius red to allow visualization of fibrosis, or
processed for immunohistochemistry. Some PCLS were frozen in
liquid nitrogen to study by gelatin zymography, the enzymatic activity
of matrix metalloproteinase (MMP)-2 and MMP-9 [13]. In addition,
small fragments (approximately 1 mm?) of PCLS were fixed in 1.5%
glutaraldehyde in 0.1 M Sérensen phosphate buffer (pH 7.4) and rou-
tinely processed for transmission electron microscopy. Ultra-thin sec-
tions were double-contrasted and observed under a Tecnai 12
biotwin transmission electron microscope (Philips, Heindhoven, The
Netherlands).

2.4. Antibodies and immunohistochemistry

For immunohistochemistry, primary antibodies were used
according to Table 2. Platelet-derived growth factor (PDGF)
receptor-B is a well-known early marker of fibroblastic cell acti-
vation [18-20]. a-Smooth muscle (SM) actin is the typical marker
of fully differentiated myofibroblastic cells [21]. Active caspase 3
has been extensively used to detect cell apoptosis. Vimentin is
present in mesenchymal cells [22] and in proliferating ductular
cells [23]. Osteopontin is expressed by biliary epithelial cells
[24]. All these antibodies have been extensively used and
their specificity has been clearly documented (see references in
Table 2).

Table 1
Human pathological specimens
Patient Sex/age Actiology Histology of the non-tumoral liver
1 M/57 Transplantation for a decompensated alcoholic cirrhosis Micro/macronodular cirrhosis with moderate
with hepatocellular carcinomas inflammation
2 F/46 Transplantation for a decompensated alcoholic cirrhosis Micronodular cirrhosis with mild inflammation
without hepatocellular carcinoma
3 F/63 Right hepatectomy for a gallbladder adenocarcinoma Chronic obstructive cholestasis with secondary biliary
fibrosis; enlarged portal tracts with some porto—portal
septa, loose connective tissue, ductular reaction and a
polymorphous inflammation; in centrolobular zones,
cholestatic hepatocytes (ballooned and clarified) with
intracanalicular biliary thrombi
4 M/78 Left hepatectomy for intrahepatic cholangiocarcinoma Severe obstructive cholestasis with large porto—portal

with vascular and large bile duct spread

fibrous septa, obvious ductular reaction, secondary
sclerosing cholangitis and huge intracanalicular thrombi.
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Table 2
Primary antibodies

Protein Host Provided by

Collagen type 1 Rabbit Novotec, Lyon, France [14]
Collagen type III  Rabbit Novotec [14]

o-SM actin Mouse DakoCytomation, Trappes, France [15]

PDGEF receptor-p  Rabbit Santa Cruz Biotechnology, Santa Cruz,
CA, USA [16]

Active caspase 3 Rabbit R&D Systems, Minneapolis, MN,
USA [17]

Vimentin Mouse DakoCytomation

Osteopontin Goat Sigma, St. Quentin-Fallavier, France

Ki67 Mouse DakoCytomation

SM, smooth muscle; PDGF, platelet-derived growth factor.

Immunohistochemistry was essentially performed as previously
described [11]. Immunostainings were examined with a Zeiss Axioplan
2 microscope (Carl Zeiss Microscopy, Jena, Germany). Images were
acquired with an AxioCam camera by means of the AxioVision image
processing and analysis system (Carl Zeiss Microscopy).

2.5. Quantitative image analysis and statistical analysis

Fibroblast activation (PDGF receptor-f and o-SM actin stainings)
was evaluated by quantitative image analysis. Images were acquired
with a digital microscope Coolscope (Nikon, Champigny-sur-Marne,
France), and the stained areas were measured using a computer-assist-
ed image analysis system (LUCIA, Nikon). For CCls-induced fibrosis
model, quantification was performed in centrolobular areas whereas
for common bile duct ligation-induced fibrosis model, quantification
was performed in portal areas. Three independent PCLS preparations
were used per model, and for each time point, two PCLS were quanti-
fied. The analysis was performed on 30 fields per PCLS section using
the x20 objective (0.138 mm?/field), and stained area was expressed
as percent of the field. In order to minimize inter-individual variations,
data obtained by quantification were normalized. For normalization,
each datum was expressed as a relative variation rate (in percent) com-
puted from the mean value obtained in non-cultured PCLS, which rep-
resents the initial level of in vivo fibrosis and the reference point for
each animal. Statistical analysis was done with these normalized data.
Statistical comparisons for significance between each time point were
made using the non-parametric Mann—Whitney test. In each model,
time points were compared two X two. The level of significance was
set at P <0.05. Results were expressed as means + SEM.

3. Results
3.1. Extracellular matrix organization in rat PCLS

In normal liver, Sirius red staining was essentially
observed in centrolobular vein wall and in portal con-
nective tissue; in CCl,-treated animals, fibrotic lesions
were classically observed around centrolobular veins
and in thin septa between centrolobular zones; after bile
duct ligation, proliferation of bile structures was typical-
ly accompanied by extracellular matrix deposition (data
not shown).

In cultured PCLS derived from both CCl,-treated
and bile duct ligated animals, there were no obvious
modifications of the Sirius red staining. However, the
organisation of the Sirius red stained material
which clearly surrounded the ductular structures in

non-cultured PCLS derived from bile duct ligated ani-
mals was, after culture, slightly modified following the
remodelling of the ductular structures (see below) which
induced a slackening of the Sirius red stained fibers
around these structures (data not shown). By immuno-
histochemistry, no modifications of the collagen type I
and III expression were observed in cultured PCLS com-
pared with non-cultured PCLS (data not shown). Gela-
tin zymography revealed that, in PCLS derived from
both CCly-treated and bile duct ligated animals, pro-
MMP-2 slightly decreased during culture while the
active MMP-2 greatly increased (Fig. 1). Pro-MMP-9
decreased in cultured PCLS derived from both CCly-
treated and bile duct ligated animals compared with
non-cultured PCLS; active MMP-9 was present only in
non-cultured PCLS derived from bile duct ligated ani-
mals and was undetectable after culture (Fig. 1).

3.2. Modification of the myofibroblastic phenotype in rat
PCLS

In normal liver, as previously described, a-SM actin
was present only in walls of centrolobular veins and of
portal tract vessels [25]; PDGF receptor-p expression
was limited to centrolobular veins, to portal vessels,
and to a few mesenchymal cells of the portal tract stro-
ma [11] (data not shown).

After CCly treatment, before culture, a strong expres-
sion of a-SM actin (Fig. 2a) and of PDGF receptor-§3
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Fig. 1. Expression of MMP-2 and MMP-9 measured in gelatin-
containing gels by zymography. A band migrating at 66 kDa corre-
sponding to pro-MMP-2 and a 62-kDa band corresponding to active
MMP-2 are detected; compared with non-cultured (NC) PCLS, an
important increase of the active MMP-2 is observed in cultured PCLS
derived from both CCl-treated and bile duct ligated (BDL) animals.
Regarding MMP-9, a band migrating at 95 kDa and corresponding to
pro-MMP-9 is detected; compared with non-cultured PCLS, a decrease
is observed in cultured PCLS derived from both CCl,-treated animals
and bile duct ligated animals; active MMP-9 is only barely detectable in
non-cultured PCLS derived from bile duct ligated animals, and is
undetectable after culture. The experiment was repeated several times
with identical results. One representative experiment is shown.
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Fig. 2. a-SM actin (a—c) and PDGF receptor-f (d—f) expression in
PCLS derived from CCl,-treated animals, non-cultured (a, d), or
cultured for 24 (b, e¢) or 48h (c, f). Before culture, numerous
myofibroblastic cells around centrolobular veins express both o-SM
actin (a) and PDGF receptor-f (d); PDGF receptor-p staining concerns
more cells compared with a-SM actin staining. After 24 h in culture, only
vessels express a-SM actin (b) while PDGF receptor-p expression is not
modified (e). After 48 h in culture, a-SM actin expression is no more
modified (c), while PDGF receptor-f§ expression decreases (f).

(Fig. 2d) was observed in numerous myofibroblastic
cells around centrolobular veins; indeed, PDGF recep-
tor-pf staining was more extended compared with o-
SM actin staining. After 24 h in culture, a-SM actin
expression was clearly decreased (Fig. 2b) while PDGF
receptor-f expression was only slightly but not signifi-
cantly modified (Fig. 2e). After 48 h in culture, a-SM
actin expression was almost absent, except in vessel
walls (Fig. 2¢), while PDGF receptor-p expression sig-
nificantly decreased (Fig. 2f). Quantitative image analy-
sis showed the early disappearance of «-SM actin
expression while PDGF receptor expression progressive-
ly decreased with a slight expression maintained even
after 72 h in culture (Fig. 3).

After bile duct ligation, before culture, a-SM actin
(Fig. 4a) and PDGF receptor-B (Fig. 4d) expression
was obvious in enlarged portal tracts around proliferat-
ing bile ductules. After 24 h in culture, a-SM actin
(Fig. 4b) and PDGF receptor- (Fig. 4e) expression
was not significantly modified. After 48 h in culture,
both o-SM actin (Fig. 4c) and PDGF receptor-f
(Fig. 4f) expression was strongly decreased. Quantitative
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Fig. 3. Quantitative image analysis of o-SM actin and of PDGF
receptor-f expression in PCLS derived from CCl -treated animals, non-
cultured, or cultured for 24, 48, or 72 h. Compared with non-cultured
PCLS, a-SM actin expression is drastically reduced after 24 h in culture
(6.97; P <0.01); PDGF receptor-p expression is significantly reduced
only after 48 h in culture (25.52; P < 0.01).

image analysis showed no modifications of a-SM actin
and of PDGF receptor-p expression after 24 h in cul-
ture, but a parallel decrease of both myofibroblast acti-
vation markers after 48 h in culture (Fig. 5).

AL

Fig. 4. a-SM actin (a—c) and PDGF receptor-f (d—f) expression in
PCLS derived from bile duct ligated animals, non-cultured (a,d), or
cultured for 24 (b e) or 48 h (c,f). In non-cultured PCLS, a strong
expression of a-SM actin (a) and of PDGF receptor-§ (d) is observed in
numerous myofibroblastic cells present around proliferating bile ductules.
After 24 h in culture, the expression of both a-SM actin (b) and of PDGF
receptor-f (e) is not modified. After 48 h in culture, both a-SM actin (c)
and PDGF receptor-p (f) expression drastically decrease.
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Fig. 5. Quantitative image analysis of a-SM actin and of PDGF
receptor-f expression in PCLS derived from bile duct ligated animals,
non-cultured, or cultured for 24, 48, or 72 h. Compared with non-cultured
PCLS, a-SM actin and PDGF receptor-f expression are significantly
reduced after 48 h in culture (7.05 and 16.72, respectively; P < 0.01).

3.3. Fibrogenic cell behaviour in rat PCLS

In normal liver, no apoptotic active caspase 3 positive
cells were observed. After CCl, treatment, before culture,

Fig. 6. Active caspase 3 expression in PCLS derived from CCl -treated
animals non-cultured (a) or cultured for 6 h (b) or 24 h (c), or derived
from bile duct ligated animals non-cultured (d), or cultured for 48 (e) or
72 h (f). In PCLS derived from CCl -treated animals, very rare apoptotic
cells expressing active caspase 3 are detected in non-cultured (a) and
cultured (b,c) PCLS. In PCLS derived from bile duct ligated animals,
except very rare active caspase 3 expressing hepatocyte, no apoptotic
cells are observed in non-cultured PCLS (d); in contrast, after 48 h (e)
and 72 h (f) in culture, numerous active caspase 3 expressing cells are
present in the portal lesions.

rare active caspase 3 positive hepatocytes were observed
(Fig. 6a). After 6 h (Fig. 6b), 24 h (Fig. 6¢), 48 h or 72 h
(data not shown) in culture, no apoptotic cells were
observed in PCLS derived from CCly-treated animals.

After bile duct ligation, before culture (Fig. 6d),
and after 24 h in culture (data not shown), only a
few active caspase 3 positive hepatocytes were
observed around portal zones. But after 48 h in cul-
ture, numerous apoptotic cells, including (myo) fibro-
blasts and biliary epithelial cells, were detected in
portal zones (Fig. 6e); after 72 h in culture (Fig. 6f),
among the remaining cells in portal zones, numerous
were apoptotic. Fig. 6d—f clearly show the decrease
of the cellularity in portal zones. No apoptotic sinu-
soidal cells were observed.

In PCLS derived from CCl,-treated animals, before
culture, vimentin staining allowed the detection of the
mesenchymal cells involved in the development of the
lesion around centrolobular veins (Fig. 7a); after 72 h
in culture, numerous vimentin positive cells were always
detected in the fibrotic lesions around centrolobular
veins (Fig. 7b). In PCLS derived from bile duct ligat-
ed-animals, before culture, portal myofibroblasts and
proliferating biliary epithelial cells expressed vimentin
(Fig. 7c); after 72 h in culture, an important decrease
of the vimentin expression was observed in portal zones
(Fig. 7d); osteopontin expression was also decreased,
underlining the disappearance of the biliary epithelial
cells (data not shown); in contrast with the impressive
remodelling observed in portal zones, the parenchyma

Fig. 7. Vimentin expression in PCLS derived from CCl-treated animals
(a, b) or from bile duct ligated animals (c,d), non-cultured (a,c), or
cultured for 72 h (b,d). In PCLS derived from CCl -treated animals,
vimentin-positive cells are observed around centrolobular veins in non-
cultured PCLS (a). After 72 h in culture vimentin expression is not
modified (b). In PCLS derived from bile duct ligated animals, numerous
vimentin positive cells, myofibroblasts and biliary epithelial cells, are
observed (c). After 72 h in culture vimentin expression is dramatically
reduced in portal tracts, only few positive cells are still observed (d).
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Fig. 8. Hematoxylin-eosin staining and Ki67 immunostaining (insert) in
PCLS derived from bile duct ligated animals. After 72 h in culture, the
parenchyma surrounding a remodelled portal region is well preserved;
moreover, Ki67 expression demonstrates that a few hepatocytes
proliferate.

was well preserved with a few hepatocytes in prolifera-
tion (Fig. 8).

3.4. Transmission electron microscopy observation of rat
PCLS

In non-cultured PCLS derived from CCly-treated ani-
mals, numerous cells with typical features of myofibro-
blasts including bundles of microfilaments and
indented nuclei were observed between the hepatocytes
at the periphery of the lesions (Fig. 9a). In PCLS derived
from CCly-treated animals and cultured for 48 h, fibro-
blastic cells without evident signs of activation were
present in the Disse space between the sinusoidal lumen
(S) and hepatocytes (H) (Fig. 9b); these cells were
embedded in a loose collagen matrix (Fig. 9b and c)
and some of them contained lipid droplets (Fig. 9¢c). In
non-cultured PCLS derived from bile duct ligated ani-
mals, myofibroblastic cells embedded in a dense collagen
matrix were present around ductular structures (Fig. 9d
and e); after 24 h in culture, portal areas appeared disor-
ganised and contained numerous apoptotic cells present-
ing typical chromatin condensation (Fig. 9f).

3.5. Evolution of the human fibrotic lesions in cultured
PCLS

The histology of the human liver specimens is given in
Table 1. In non-cultured PCLS, numerous o-SM actin
expressing myofibroblasts were present in septa of alco-
holic cirrhosis (Fig. 10a) and surrounding numerous bil-
iary structures in portal zones of cholestatic diseases
(Fig. 10c). After 48 h in culture, whatever the aetiology,
o-SM actin expression disappeared, except in vessels
(Fig. 10b and d). In all human liver specimens, no obvi-
ous modifications of the parenchyma, as evaluated on
hematoxylin-eosin-stained sections, were observed dur-
ing PCLS culture.

Fig. 9. Transmission electron microscopy of PCLS derived from
CCly-treated animals (a—c) or from bile duct ligated animals (d-f),
non-cultured (a,d,e), or cultured for 48 h (b,c,f). PCLS derived from
CCly-treated animals: in non-cultured PCLS, numerous cells with typical
features of myofibroblasts including bundles of microfilaments (arrows)
and indented nuclei are observed; in PCLS cultured for 48 h (b,c),
fibroblastic cells without evident signs of activation, sometimes contain-
ing cytoplasmic lipid droplets (L), and embedded in a loose collagen
matrix are present in the Disse space between the sinusoidal lumen (S)
and hepatocytes (H). PCLS derived from bile duct ligated animals: in
non-cultured PCLS (d, e), myofibroblastic cells embedded in a dense
collagen matrix (C) are present around ductular structures (e is an
enlargement of the square box drawn in d); after 48 h in culture (f),
apoptotic cells (arrows) with chromatin condensation are present in
disorganised portal areas.

4. Discussion

In this study, two well-known experimental models
were used to induce liver fibrosis in rats: CCly; model
where hepatic stellate cells constitute the main fibrogenic
cells involved, and bile duct ligation model which induc-
es bile duct proliferation [26,27] and a rapid activation
of portal fibroblasts [3,28]. When activated, both hepatic
stellate cells and portal fibroblasts early express the
PDGEF receptor-f [18-20] and acquire a myofibroblastic
phenotype characterized by the expression of a-SM
actin [21]. Here, we show that, in PCLS derived from
CCly-treated animals, o-SM actin expression disap-
peared early in culture while PDGF receptor-f expres-
sion progressively decreased; moreover, no obvious
disappearance by apoptosis of the fibrogenic cells was
observed (absence of active caspase 3 detection), and
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Fig. 10. a-SM actin expression in PCLS derived from cirrhotic (a, b) or
cholestatic (c,d) human livers, non-cultured (a, c), or cultured for 48 h
(b,d). In non-cultured PCLS, numerous myofibroblasts expressing «-SM
actin are present in septa of cirrhotic liver (a) and in portal zones of
fibrotic cholestatic liver (c); when PCLS are cultured for 48 h, a
disappearance of a-SM actin expression is observed, excepted in vessel
wall, in both cirrhotic (b) and fibrotic cholestatic (d) lesions.

numerous vimentin-positive cells were still observed in
the lesion areas after 72 h in culture. In PCLS derived
from bile duct ligated animals, «-SM actin and PDGF
receptor-f decreased in parallel during PCLS culture,
and in contrast with the observations obtained in cul-
tured PCLS derived from CCly-treated animals, numer-
ous active caspase 3 expressing apoptotic cells, including
myofibroblasts and biliary epithelial cells, were detected
in fibrotic areas; after culture for 72h, the drastic
decrease of vimentin expression in portal zones con-
firmed the disappearance of the vimentin expressing
cells, i.e. myofibroblasts and proliferating biliary epithe-
lial cells. These observations provide the evidence that
fibrogenic cells involved in fibrogenesis which develops
in these two models do not evolve similarly during the
remodelling process occurring in cultured PCLS. So,
we can hypothesize that the mechanisms leading to myo-
fibroblastic differentiation and deactivation are different
in these two models, and/or myofibroblastic cells
involved in the development of the fibrotic lesions
belong to different fibrogenic cell sub-populations with
their own characteristics. In addition, these modifica-
tions concerning fibrogenic cell behaviour in cultured
PCLS were observed in absence of obvious extracellular
matrix alterations; however, active MMP-2 was
increased during PCLS culture, while MMP-9 was
decreased, showing that during PCLS culture, MMP
expression and activity are regulated, probably partici-
pating in the early and subtle events affecting PCLS
organisation.

Several groups have shown that activated hepatic
stellate cells can revert to quiescence [29,30], suggesting

that hepatic stellate cells have a plastic phenotype. In
PCLS derived from CCly-treated animals, culture could
induce at least in part a reversibility of the myofibroblas-
tic phenotype. However, it has been shown that the
lesion induced by CCl, treatment spontaneously regress-
es in vivo, with a disappearance of the activated hepatic
stellate cells by apoptosis [31]. Interestingly, our results
show that in PCLS culture, the myofibroblastic differen-
tiation of the hepatic stellate cells is lost with an early
disappearance of a-SM actin expression and a progres-
sive decrease of PDGF receptor-f expression, but with-
out induction of cell death by apoptosis; this underlines
the importance of the cell environment in inducing dif-
ferent cell behaviour. Indeed, it has clearly been demon-
strated that the stiffness of the surrounding environment
determines the phenotype of multiple cell types [32],
including hepatic stellate cells [33]. This could explain
the differences observed during remodelling in vivo and
in PCLS culture.

In the bile duct ligation model, it has been suggested
that the increase of hydrostatic pressure in bile ducts
induces biliary epithelial cell damage and bile duct pro-
liferation [34] accompanied by a rapid activation of por-
tal fibroblasts [3,28]. After bile duct ligation, it has been
shown that mere biliary decompression by relieving the
mechanical stress or bilioduodenal anastomosis induces
apoptosis of portal cells, including portal myofibro-
blasts, that likely triggers portal fibrosis regression
[35,36]. In PCLS derived from bile duct ligated animals,
it is probable that the disappearance of the mechanical
stress linked to bile duct ligation induces, similarly to
what is observed in vivo, portal fibroblast apoptosis
and portal lesion remodelling. This was confirmed by
the fact that o-SM actin and PDGF receptor-f§ expres-
sion decreases together with the apparition of active cas-
pase 3 expressing cells.

Our observations underline the diversity of the fibr-
ogenic cells involved in experimental liver fibrogenesis,
and the different fate of these cells during tissue
remodelling induced in our model by culture condi-
tions. These modifications were observed without any
effects of the culture conditions on the viability of
sinusoidal cells which do not express active caspase
3. In previous studies, it has also been shown that cul-
ture conditions do not affect the viability of sinusoidal
cells and that this PCLS model is relevant to study the
functions of hepatic stellate cells [10,37,38], endothelial
cells [39] and Kupffer cells [40,41]. It has been shown
that rat liver myofibroblasts derived from portal
fibroblasts and hepatic stellate cells differ in CD95-
mediated apoptosis and response to tumour necrosis
factor-o [42]. Moreover, insulin-like growth factor-1
induces DNA synthesis and apoptosis in rat liver
hepatic stellate cells but DNA synthesis and prolifera-
tion in rat liver myofibroblasts [43]. Together with
our observations, these studies illustrate the diversity
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of the fibrogenic cells involved in liver fibrogenesis,
and show that the different fibrogenic cell populations
share different mechanisms of activation and
deactivation.

Moreover, in this study, PCLS were prepared using
human cirrhotic and fibrotic cholestatic livers. In the
two types of diseases, numerous 9-SM actin expressing
myofibroblasts were observed. During PCLS culture, a
disappearance of the o-SM actin expression was
observed in both cases. Obviously, further studies using
more human samples are necessary, and the mechanisms
involved in tissue remodelling of rat experimental
lesions which develop in some days and of human fibrot-
ic livers which result from an injury present for months
to years are not comparable. However, these prelimin-
ary observations using human tissues confirm the rele-
vance of this model to study the remodelling of
fibrotic liver tissue according to the aetiology of the
disease.

In conclusion, our study shows that rat liver fibrotic
tissue is remodelled differently in cultured PCLS
according to the actiology of fibrosis; after CCl, treat-
ment, a proportion of myofibroblasts derived from
hepatic stellate cells seems to dedifferentiate while in
the bile duct ligation model, myofibroblasts derived
from portal fibroblasts disappear by apoptosis. We
confirm here in the PCLS model previous data showing
the different behaviour of the fibrogenic cells during
liver remodelling and in addition, we demonstrate (1)
that studies using PCLS could reduce number of ani-
mals necessary for studies on liver remodelling and
(2) that PCLS may be a valuable tool to study the
mechanisms of fibrogenesis and tissue repair in human
liver samples.
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