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During cholestasis, bile acids accumulate in the liver, and induce cellular alterations. Cholestasis is a major
cause of liver fibrosis. We have used precision-cut liver slices (PCLS) in culture to investigate the effects of bile
acids on hepatic cells. Rat PCLS were placed on an insert in a vial containing culture medium, and gently
agitated on a roller platform. PCLS were treated with 100 lM taurolithocholate (TLC), taurodeoxycholate (TDC)
or taurocholate (TC) for 24 or 48h. PCLS viability was measured, and immunohistochemistry was performed
with antibodies against active caspase 3, platelet-derived growth factor (PDGF) receptor-b and ED-A fibronectin.
TDC and TLC, two hydrophobic bile acids, induced hepatocyte necrosis and apoptosis, whereas TC, an
hydrophilic bile acid, improved slice viability as compared with controls. Both TDC and TC induced biliary
epithelial cell proliferation, together with portal fibroblast proliferation and activation, as shown by PDGF
receptor-b and ED-A fibronectin expression. TLC induced biliary epithelial cell apoptosis. Our results indicate
that individual bile acids induce cell type-specific effects in a complex liver microenvironment. The fact that
PCLS support biliary epithelial cell and portal fibroblast proliferation will make this model very useful for the
study of the mechanisms involved in portal fibrosis.
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Bile acids are the most abundant biliary component
and play a major role in the maintenance of bile
flow. They are natural detergents and allow lipids to
be digested in the intestinal lumen. During chronic
cholestasis, bile acids may accumulate, particularly
in hepatocytes, leading to histological abnormal-
ities.1 This occurs especially in childhood diseases
such as biliary atresia, cystic fibrosis and paucity of
interlobular bile ducts,2 and also in the liver of adult
patients suffering from chronic liver diseases.3

Accumulation of toxic bile acids results in hepato-
cellular damage, ultimately leading to liver fibrosis
and cirrhosis. Bile acid cytotoxicity has been
demonstrated on hepatocytes in vitro4,5 and in vivo

in rat models,6,7 and they are known to induce
hepatocyte apoptosis.8 There is generally a correla-
tion between bile acid hydrophobicity and cytotoxi-
city: the hydrophobic lithocholic and deoxycholic
acids exert the most toxic effects, whereas the
hydrophilic ursodeoxycholic and cholic acids have
little toxicity.

During fibrogenesis, the excess extracellular ma-
trix is synthesized by myofibroblastic cells. They
derive from precursor cells, the best studied being
hepatic stellate cells (for review, see9). However, in
biliary fibrosis, experimental models such as bile
duct ligation have identified portal fibroblasts rather
than hepatic stellate cells as the major mesenchymal
cells involved in the early stages of fibrosis deve-
lopment.10–12 Bile duct proliferation is a hallmark of
human cholestatic disorders13 and is also observed
in the bile duct ligation model.14,15 It is accompanied
by biliary epithelial cell alterations. The relative
contribution of enhanced hydrostatic pressure in
bile ducts16 and of increased concentrations of
cytotoxic bile acids17 in the mechanisms involved
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in biliary epithelial cell damage and bile duct
proliferation is unknown. Bile duct obstruction is
also accompanied by a rapid activation of portal
fibroblasts10,18 by a poorly understood mechanism.
Possible explanations include the increased pres-
sure, cytokine secretion by damaged bile duct cells
or by recruited inflammatory cells, or a direct effect
of bile acids. Neither cell culture nor animal models
allow to easily decipher these mechanisms.

Precision-cut liver slices (PCLS) have been re-
cently used for metabolic and toxicological studies
on various liver cell types.19–22 The PCLS culture
model allows the maintenance of normal lobular
architecture and cell–cell interactions within their
original matrix. It has recently been applied to the
study of hepatic stellate cell activation.23–25 This
model appears especially well suited to the inves-
tigation of the effects of bile acids on biliary
epithelial cells and portal fibroblasts since it
eliminates two confusing factors, hydrostatic pres-
sure and recruitment of circulating inflammatory
cells.

Thus, in this study, we took advantage of the
PCLS model to analyze the effects of bile acids on
the liver, focusing on biliary epithelial cells and
portal fibroblasts.

Materials and methods

Preparation of Rat PCLS

PCLS were obtained as previously described.26 Male
Wistar rats (Charles Rivers, St Aubin les Elbeuf,
France) weighing approximately 400 g were anesthe-
tized with an intraperitoneal injection of ketamine
(Imalgens, Rhône Mérieux, Lyon, France) and
xylazine (Rompuns, Bayer Pharma, Puteaux,
France). Liver was perfused in situ (20ml/min)
with preoxygenated ice-cold Hanks’ balanced salt
solution (Invitrogen, Cergy Pontoise, France), sup-
plemented with 5mM glucose and 50mg/ml
gentamycin, via a plastic catheter placed in the
portal vein. After 5min perfusion, the liver was
excised and tissue cores were prepared using a
motor-driven coring tool (8mm diameter). Consecu-
tive PCLS (250 mm thickness) were obtained using a
Krumdieck Tissue Slicer (Alabama Research and
Development Corporation, Munford, AL, USA).
During preparation, tissue cores and slices were
maintained in continuously oxygenated ice-cold
Hanks’ balanced salt solution.

Rat PCLS Culture and Treatment

PCLS were placed on a stainless-steel insert (Alaba-
ma Research and Development Corporation) 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 371C,
with 5% CO2 and 40% O2. A central 2mm diameter

hole in the vial caps allowed gas exchanges. Slices
were firstly incubated for 2 h in Williams’ E medium
(Invitrogen) supplemented with 0.35 mM insulin
(Sigma, St-Quentin-Fallavier, France), 0.1 mM dex-
amethasone (Sigma) and 5% fetal calf serum (FCS;
Dutscher, Issy-les-Moulineaux, France) to promote
adherence to the mesh and to avoid slice unsticking.
After 2 h, PCLS were treated for 48 h with bile acids.
The following sodium salts of tauro-conjugated
forms of three major endogenous bile acids with
increasing hydrophobicity were tested: taurocholate
(TC), taurodeoxycholate (TDC) and taurolithocho-
late (TLC) (Calbiochem, San Diego, CA, USA)
100 mM diluted in ethanol 70%. Incubations were
performed in Williams’ E medium supplemented
with insulin, dexamethasone and 1% FCS. In our
experiments, the final concentration of ethanol did
not exceed 0.3%. In some experiments, bromodeoxy-
uridine (BrdU; Roche Diagnostics, Meylan, France)
was added to the culture medium 1h before the end
of treatment. In each preparation (n¼ 12), at least
eight PCLS per condition were used.

Cytotoxicity Assays

Overall slice viability was evaluated as follows.
After treatment, culture medium was removed and
PCLS were incubated in Williams’ E medium
containing 2mg/ml 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT). After 2 h
at 371C, PCLS were solubilized with dimethyl
sulfoxyde (Merck, Fontenay-sous-Bois, France) and
the optical density at 570nm was measured in a
microplate reader (Labsystems, Vantaa, Finland).

As an additional test, we also measured the
leakage of lactate dehydrogenase (LDH) in the
culture medium. After treatment, supernatants were
collected, centrifuged, and LDH activity released
from the cytosol of damaged cells was assessed
using the Cytotoxicity Detection Kit LDH (Roche
Diagnostics). The optical density at 492nm was
measured in a microplate reader.

Antibodies

For immunohistochemistry on formalin-fixed, par-
affin-embedded PCLS sections, the following anti-
bodies were used: rabbit polyclonal antibodies
against platelet-derived growth factor (PDGF) recep-
tor-b diluted 1:100 (Santa Cruz Biotechnology, Santa
Cruz, CA, USA), and active caspase 3 diluted 1:600
(R&D Systems, Minneapolis, MN, USA), a rat
monoclonal antibody against BrdU diluted 1:500
(Oxford Biotechnology Immunologicals, Oxford,
UK), mouse monoclonal antibodies against prolifer-
ating cell nuclear antigen diluted 1:200 (PCNA;
DakoCytomation, Trappes, France), and cytokeratin
19 diluted 1:100 (Sigma), and a goat polyclonal
antibody against osteopontin diluted 1:500 (Sigma).
PDGF receptor-b is a well known early marker of
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fibroblastic cell activation.27–29 Active caspase 3 has
been extensively used to detect cell apoptosis.
Cytokeratin 19,30 and osteopontin31,32 are known to
be expressed by biliary epithelial cells. For double
immunofluorescence on frozen PCLS sections,
a monoclonal antibody (IgG1) specific to the ED-A
domain of fibronectin diluted 1:100 (Abcam, Cam-
bridge, UK),33 and a pan-cytokeratin rabbit poly-
clonal antibody diluted 1:200 (DakoCytomation)
were used.

Histology and Immunostaining

PCLS were formalin-fixed and paraffin-embedded or
immediately frozen in liquid nitrogen-cooled iso-
pentane and stored at �801C. Formalin-fixed, paraf-
fin-embedded PCLS sections (5 mm-thick) were
stained with hematoxylin–eosin for routine histo-
logy, or processed for immunohistochemistry.
Briefly, sections were incubated with primary anti-
bodies, then, after washing, with the anti-rabbit or
anti-mouse horseradish peroxidase Envisiontþ
system, and finally, with diaminobenzidine (Dako-
Cytomation). Sections were counterstained with
hematoxylin or eosin. For PDGF receptor-b, osteo-
pontin and BrdU stainings, sections were first
subjected to steam heat antigen retrieval in citrate
buffer 0.01M, pH 6.0 for 5min. For BrdU staining,
sections were pretreated with 2M HCl for 1h at 371C
and incubated with rabbit anti-rat immunoglobulins
diluted 1:100 (DakoCytomation) before anti-rabbit
Envisiontþ system detection. For osteopontin,
sections were incubated with rabbit anti-goat im-
munoglobulins diluted 1:100 (DakoCytomation) be-
fore anti-rabbit Envisiontþ system detection. For
immunofluorescence, frozen PCLS sections (5 mm-
thick) fixed in cold acetone were incubated with the
mouse monoclonal and the rabbit polyclonal anti-
bodies mixed. Oregon green 488-conjugated goat
anti-mouse IgG (Molecular Probes, Eugene, OR,
USA) and Alexa fluor 594-conjugated goat anti-
rabbit IgG (Molecular Probes) both diluted 1:200
were used for the second step. Nuclei were stained
with DAPI (Sigma). Immunostainings were exam-
ined with a Zeiss Axioplan 2 microscope (Carl Zeiss
Microscopy, Jena, Germany) equipped with epiillu-
mination and specific filters for immunofluores-
cence analysis. Images were acquired with an
AxioCam camera (Carl Zeiss Vision, Hallbergmoos,
Germany) by means of the AxioVision image
processing and analysis system (Carl Zeiss Vision).
Immunostainings with green, red and blue fluores-
cence were artificially treated using the AxioVision
software (Carl Zeiss Vision).

Quantitative Image Analysis

Parenchyma lesions and portal fibroblast activation
(PDGF receptor-b staining) were evaluated by quan-

titative image analysis. Images were acquired as
above and quantitative data were obtained using
a computerized image analysis system (KS 300,
Carl Zeiss Vision). The analysis was performed on
an average of 20 fields (at least four PCLS) per
condition using the � 10 objective. Parenchyma
lesion and portal fibroblast activation were ex-
pressed as a percentage of parenchyma damaged or
PDGF receptor-b-stained areas per field area, respec-
tively. Cellular proliferation was evaluated by
counting BrdU-positive nuclei in 10 portal zones
(at least four PCLS) per condition with a � 20
objective.

Portal Fibroblast Culture and Treatment

Rat portal fibroblasts were obtained as previously
described.11,12 Briefly, the portal tracts were isolated
by collagenase digestion of the liver, and then
incubated with 0.1% pronase (Roche Diagnostics).
After digestion, portal tract residues were allowed to
adhere in Petri dishes and cultured in Dulbeco’s
minimum essential medium (Invitrogen) in the
presence of 10% FCS at 371C in a humidified
atmosphere containing 5% CO2; after 2–3 days, an
extensive proliferation of fibroblastic cells was
observed along biliary structures. Cells between
passage 2 and 5 were distributed in 96-wells plates
(3000 cells/well). At 24h after seeding, cells were
treated with TDC, TLC or TC (50 and 100mM) in the
presence of 1% FCS. After 24, 48 or 72h, the MTT
test was used to measure cell proliferation. The
presence on portal fibroblasts of the epidermal
growth factor receptor (EGFR) was determined by
Western blotting with a rabbit polyclonal antibody
(Cell Signaling Technology, Beverly, MA, USA)
according to Neaud et al.34

Statistical Analysis

Results are expressed as mean values7s.e.m. Com-
parison of multiple means was carried out by one
way analysis of variance. A Po0.05 was considered
significant.

Results

Effects of Bile Acids on Rat PCLS Viability and
Cytolysis (Figure 1a and b)

After 24 h of culture, no significant differences in
PCLS viability were observed between control and
bile acid-treated PCLS as shown with the MTT
assay. After 48h of culture, PCLS viability decreased
when treated with the hydrophobic bile acids, TDC
(Po0.05) and TLC (Po0.001), as compared with
control slices. No loss in viability was seen with the
hydrophilic bile acid TC.

LDH release assays confirmed these results.
Actually, LDH leakage into the supernatant in-
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creased already significantly after 24 h of culture
in TDC- and TLC-treated PCLS as compared
with control slices (Po0.03 and Po0.01, respec-
tively); after TC treatment, LDH leakage remained
similar to control PCLS. Similar results were
seen after 48h of culture with TDC or TLC
(Po0.02 and Po0.03, respectively as compared
with control PCLS), whereas TC treatment reduced
significantly LDH leakage as compared with control
slices (Po0.04).

Effects of Bile Acids on Hepatocyte Survival in Rat
PCLS

Histological examination of control PCLS after 48 h
of culture showed a well-preserved parenchyma
with no damaged zones (Figure 2a) and absence of
active caspase 3 expression (Figure 2b). TDC-treated
PCLS showed focal damaged areas in the whole
parenchyma (Figure 2c) with apoptotic hepatocytes,
as shown by a positive labelling with the active
caspase 3 antibody (Figure 2d). TLC strongly
induced hepatocyte necrosis and apoptosis with a
mosaic distribution (Figure 2e and f). With both TDC
and TLC, areas with damaged hepatocytes affected
2075% of the parenchyma after 24 h of culture, and
5078% of the parenchyma after 48 h of culture. On
the contrary, PCLS treated with TC appeared very
well preserved with no necrotic or apoptotic cells
(Figure 2g and h). In TLC-treated PCLS, character-
istic features of apoptosis were observed with
chromatin condensation (Figure 3a); active caspase
3 was detected with a typical pattern in these
apoptotic hepatocytes (Figure 3b). Similar features
were observed in apoptotic hepatocytes after TDC
treatment (data not shown).

Effects of Bile Acids on Biliary Epithelial Cell Survival
and Proliferation, and on Portal Fibroblast Activation
in Rat PCLS

As early as 24h of exposure, portal tracts were
enlarged with an increase in the number of biliary
ductular structures in TDC- and TC-treated PCLS
compared with nontreated and TLC-treated PCLS;
after 48 h of culture, this portal tract enlargement
was obvious (Figure 2c and g). In nontreated and
TLC-treated PCLS, no BrdU staining was detected
after 24 h of culture; very few BrdU-positive nuclei
were detected after 48 h of culture (Figure 4a). In
TDC- and TC-treated PCLS, after 24 h of culture,
very few BrdU-positive nuclei were detected within
portal areas; after 48 h of culture, BrdU staining
showed numerous proliferating cells (2073 cells
per portal zone), including fibroblastic cells (about
70% of BrdU-positive cells) and biliary epithelial
cells, within portal areas (Figure 4b). Immunostain-
ing with PCNA confirmed cell proliferation in portal
tracts of TDC- and TC-treated PCLS (data not
shown). In addition, TDC and TC treatment led to
portal fibroblast activation as judged from staining
for PDGF receptor-b. Indeed, after 48 h of culture, in
nontreated (Figure 4c) and TLC-treated (Figure 4d)
PCLS, PDGF receptor-b expression was limited to

Figure 1 MTT assay (a) and LDH release (b) in bile acid-treated
PCLS. MTT assay (a): after 24h of culture, no significant
differences are observed in bile acid-treated and control PCLS.
After 48h of culture, as compared with control slices, PCLS
viability is decreased after treatment with TDC (Po0.05) and TLC
(Po0.001), while after TC treatment, there is a trend towards an
increase of PCLS viability (NS, Po0.07). The parameter directly
measured by the test is a mitochondrial enzyme activity, which is
related with the viability. LDH release (b): after 24h of culture, as
compared with control slices, LDH leakage into the supernatant
increases in TDC- and TLC-treated PCLS (Po0.03 and Po0.01,
respectively) and is not modified after TC treatment. After 48h of
culture, LDH leakage increases after treatment with TDC (Po0.02)
or TLC (Po0.03), while when treated with TC, LDH leakage
decreases significantly (Po0.04) as compared with control. The
graphs show the mean values obtained from five different
preparations of PCLS. In each preparation, at least four PCLS
per point were used.

Figure 2 Hematoxylin–eosin staining (a, c, e, g) and active caspase 3 expression (b, d, f, h) in bile acid-treated PCLS. After 48h of culture,
in control PCLS, parenchyma is well preserved with no necrotic zones detected (a) and absence of active caspase 3 expression (b). TDC-
treated PCLS show focal necrosis areas in the whole parenchyma (c) and apoptotic hepatocytes expressing active caspase 3 (d). TLC
strongly induces hepatocyte necrosis and apoptosis with a mosaic distribution (e and f). PCLS treated with TC appear to be very well
preserved with no necrotic or apoptotic cells detected (g and h). Portal tracts are enlarged with an increase of the number of biliary
ductular structures in TDC- and TC-treated PCLS (c and g, arrows).
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centrolobular veins and to a few mesenchymal cells
of the portal tract stroma and vessels (1.170.2% per
field area); in contrast, a strong PDGF receptor-b
expression was observed in portal fibroblastic cells
around proliferating ductular structures of TDC- and
TC-treated slices (5.670.5 and 11.371.2%, respec-
tively; Po0.02 and Po0.001, respectively, com-
pared with control) (Figure 4e and f). Portal
fibroblast activation was confirmed using ED-A
fibronectin expression. After 48 h of culture, in

portal tract of nontreated slices, ED-A fibronectin
was expressed exclusively in vessels (Figure 4g);
in TC-treated slices, ED-A fibronectin was observed
in portal fibroblasts involved in portal tract enlarge-
ment (Figure 4h). After 24h of culture with TLC,
numerous apoptotic bodies were observed into the
portal tracts, corroborated by active caspase 3
immunostaining; apoptotic cells were clearly ob-
served in ductular structures (Figure 5a). In fact,
after 48h of culture, no more biliary structures were
observed, as underlined by the absence of osteo-
pontin expression in portal tracts (Figure 5b) in
contrast with TC-treated PCLS where numerous
biliary structures expressing osteopontin were
clearly observed (Figure 5c). Immunostaining with
cytokeratin 19 confirmed the disappearance of
biliary epithelial cells in TLC-treated PCLS (data
not shown).

Effects of Bile Acids in Culture of Isolated Rat Portal
Fibroblasts

In order to elucidate if bile acids have a direct effect
on portal fibroblasts, cultured portal fibroblasts were
treated with TDC, TLC and TC (50 and 100 mM) for
24, 48 or 72h. In our culture conditions (1% FCS),
the number of cells was not significantly modified
in nontreated cells after 24, 48 and 72h of culture
(data not shown). In portal fibroblasts treated with
bile acids during 24, 48 (data not shown), or 72 h
(Figure 6), proliferation was not significantly in-
duced compared with nontreated cells. Cultured
portal fibroblasts expressed the EGFR (Figure 6,
inset).

Discussion

In this study, we show that TDC and TLC, two
hydrophobic bile acids, induced hepatocyte necro-
sis and apoptosis, whereas TC, an hydrophilic bile
acid, improved slice viability as compared with
controls. Both TDC and TC induced biliary epithe-
lial cell proliferation, together with proliferation and
activation of portal fibroblasts, as shown by PDGF
receptor-b27–29 and ED-A fibronectin11,18 expression.
TLC induced biliary epithelial cell apoptosis with
little portal fibroblast activation.

The exact mechanisms involved in bile acid-
induced cell death, in hepatocytes and biliary
epithelial cells, remain unexplained. It has been
shown recently that oncosis represents the main

Figure 3 Apoptotic features in hepatocytes of TLC-treated rat
PCLS. In (a) hematoxylin–eosin staining underlines the char-
acteristic organization of the chromatin in apoptotic hepatocytes.
In (b) active caspase 3-expressing hepatocytes show typical
features of apoptotic cells (arrows).

Figure 4 Portal cell proliferation, PDGF receptor-b and ED-A fibronectin expression in bile acid-treated PCLS. After 48h of culture,
compared with nontreated PCLS (a), BrdU staining shows in TC-treated PCLS (b), an increase of proliferating cells within portal areas,
including fibroblastic cells and biliary epithelial cells (b). A slight PDGF receptor-b expression is detected in portal tract of nontreated (c)
and TLC-treated (d) PCLS; in TDC- and TC-treated slices (e and f, respectively), a strong expression of PDGF receptor-b is observed in
numerous portal fibroblastic cells around proliferating ductular structures. Using double immunofluorescence, after 48h of culture, in
nontreated PCLS (g), cytokeratin (in red) is detected in hepatocytes and biliary epithelial cells (arrow), and ED-A fibronectin (in green) is
present exclusively in the wall of a portal vessel; in TC-treated PCLS (h), ED-A fibronectin expression is increased in enlarged portal
tracts and in portal fibroblasts which expand into the parenchyma.
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type of hepatocyte death in acute cholestasis in
mice.35 We suggest that the relevant PCLS model
described here could help in the critical analysis
of the precise mechanisms leading to cell death
in cholestatic liver diseases. Anyhow, these results
obtained in the PCLS model confirm our previous
observations showing that, in cultured biliary
epithelial cells, TDC markedly induced biliary
epithelial cell proliferation while TLC induced
biliary epithelial cell apoptosis.36 It has been shown
that hydrophobic bile acids are able to solubilize
polar lipids, such as phospholipids and cholesterol,
leading to the disruption of plasma membranes;37

this explains at least in part the correlation between
bile acid hydrophobicity and cytotoxicity. In addi-
tion, we now show that biliary epithelial cell
proliferation induced by TDC and TC is accom-
panied by portal fibroblast proliferation and activa-
tion. Moreover, we observe an early expression
of ED-A fibronectin which is necessary for the
induction of the myofibroblastic phenotype by
transforming growth factor-b1;38 we had shown that
ED-A fibronectin is expressed early during the
activation of portal fibroblasts in vitro,11 and after
bile duct ligation.18 These data were obtained with
rat PCLS; however, preliminary observations with
mouse PCLS suggest that bile acids show com-
parable effects on rat and mouse PCLS (data not
shown).

After bile duct ligation, proliferation of biliary
structures is associated with a proliferation of portal
fibroblasts forming concentric layers around bile
ductules; these portal fibroblasts acquire a myofi-
broblastic phenotype,10–12 and are involved in the
early deposition of extracellular matrix in the portal
zones.18 Portal fibroblast activation in this setting
may be related to the increased pressure within

Figure 5 Biliary epithelial cell apoptosis in TLC-treated PCLS,
and osteopontin expression in TLC- and TC-treated PCLS. After
24h of culture with TLC, an active caspase 3 expression is present
into the portal tracts in ductular structures (a, arrows); after 48h
of culture with TLC, the absence of osteopontin expression in
portal tracts underlines the disappearance of biliary structures (b).
In contrast, in TC-treated PCLS, osteopontin expression allows
the detection of the numerous biliary structures (c).

Figure 6 Proliferation of cultured rat portal fibroblasts treated
with bile acids. No significant proliferation was induced in
cultured portal fibroblasts treated with bile acids during 72h
compared with nontreated cells. The graph shows the mean
values obtained from three experiments. In each experiment, at
least three measurements per point were performed. Cultured
portal fibroblasts (PF) express the EGFR (inset); as a positive
control, human liver myofibroblasts (LM) are shown (inset).
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biliary structures as suggested by Slott et al,16 to
direct effects of bile acids or to signals originating
from biliary epithelial cells or infiltrating inflam-
matory cells, although the latter are scarce in this
model. In our model of cultured PCLS, processes
depending on inflammation or biliary pressure
cannot be involved; we thus propose that bile acid
treatment induces biliary epithelial cell stimulation
leading to portal fibroblast proliferation and activa-
tion. This is supported by previous results indicat-
ing that biliary epithelial cells synthesize a series of
relevant cytokines such as monocyte chemotactic
protein-1 (MCP-1),39 PDGF,12,40 transforming growth
factor-b,41,42 and connective tissue growth factor.43

The expression of all these cytokines is increased in
either experimental or human cholestatic diseases
(for review, see44). Besides its major role in the
recruitment and activation of monocytes and T
lymphocytes,45,46 MCP-1 is also chemotactic for
hepatic stellate cells.47 MCP-1 expression, confined
to few hepatic stellate cells and biliary epithelial
cells in normal liver, is markedly increased within
portal tracts during active hepatic fibrogenesis,
especially in biliary epithelial cells.39 We have
shown that biliary epithelial cells treated with TC
secrete high amounts of MCP-1,36 which makes it a
good candidate for portal fibroblast activation in our
model. Among other cytokines secreted by biliary
epithelial cells, PDGF,48 transforming growth factor-
b,49 and connective tissue growth factor,50 play
major roles during hepatic fibrogenic cell activation,
by their effects on proliferation, migration and/or
extracellular matrix synthesis.

Furthermore, during cholestasis, portal fibroblasts
are also exposed to bile acids retained in high
amount. Our data with PCLS do not allow to
completely exclude a direct effect of bile acids on
portal fibroblasts. Recently, it has been shown that
hepatic stellate cells express the nuclear factor
farnesoid X receptor which is activated by bile
acids;51 portal fibroblasts also express the farnesoid
X receptor (unpublished data). However, whereas
bile acids were shown to stimulate the growth of
hepatic stellate cells via activation of the EGFR,52

we found that they did not induce proliferation of
cultured portal fibroblasts which however express
the EGFR; this suggests that the hepatic stellate cells
used in that work and the portal fibroblasts studied
here must probably belong to different cell popula-
tions.53

In conclusion, our results indicate that individual
bile acids induce cell type-specific effects in a
complex liver microenvironment. These data appear
particularly relevant in human pathological situa-
tions such as cholestatic liver diseases, in which
bile duct damage and portal fibrogenesis are hall-
marks of these diseases.54 The fact that PCLS
support biliary epithelial cell and portal fibroblast
proliferation will make this model very useful for
the study of the mechanisms involved in portal
fibrosis.
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